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of lipase was to produce a somewhat larger  amt  of 
18:3 in the free form. This was due to the fact  that  
18:3 was the most abundan t  acid in the tr iglycerides 
of the ungerminated  seed and therefore showed a 
larger  change. The reason for  the sharp  drop in the 
18:1 content at  72 hr  is not known. I t  is not likely 
that  oxidation could account for  the drop since 18:3 
and 18 : 2 are much more susceptible to oxidation than  
18:1. The minor var ia t ions in the compositions may  
have been pa r t l y  due to the minor consti tuent acids 
which were discussed previously. I t  was concluded 
that  there was no preferent ia l  metabolism of the f a t ty  
acids of the tr iglyeerides dur ing the germination 
period. 

The larger  var ia t ion in the composition of the F F A  
fract ion (Table I I I )  was due to the much smaller amt  
of mater ia l  present  in this fraction. The large in- 
crease in 18 : 3 percentage at  the 18-hr period, reflected 
the drop of this same acid in the tr iglyeeride fraction. 

The f a t t y  acid composition of the phospholipids 
showed a marked change dur ing the germinat ion 
period, whereas the f a t t y  acid composition of the tri-  
glyeerides and F F A  were similar. Table VI  shows 
that  this was not the case with the phospholipids. 
Compared to the two other elasses, the amt  of 16:0 
was much greater  and the amt  of 18:3 was mueh lower 
in the phospholipids. Dur ing  the course of germina- 
tion, the 18:3 increased f rom 17.5-37.2% and the 
18:1 decreased f rom 22.5 12.8%. These changes re- 
fleet a significant difference in the eompositio:n of the 
phospholipids in the mature  ungerminated  seed and 
that  in the young seedling. 

These findings with the phospholipids constitute the 
first repor t  of the f a t t y  acid composition in the phos- 
pholipids in germinat ing flaxseed. I t  is understandable  
that  the f a t t y  acid composition of this class showed a 

pronounced change as germinat ion proceeded, since 
the role of the cells produced dur ing the growth of 
the root (hypocotyl)  was different f rom those associ- 
ated with the embryo. The correlation between f a t ty  
acid composition of the phospholipids and metabolic 
function of the tissue involved is difficult to make 
since little is known about  the par t ic ipat ion of phos- 
pholipids in metabolic reactions. 
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Gas- Chromatographic Determination 

Hexane-Extractcd Soybean Flakes 

of Residual Hexane m 
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Abstract  

A method was developed to determine residual 
hexane in hexane-extracted soybean flakes by gas- 
liquid chromatography  (GLC) .  Af t e r  residual 
hexane was extracted with pure  isooctane, the 
quant i ty  extracted was determined by GLC. 
Analyses were run  on three different columns. 
Column et~eieney was varied to obtain max imum 
speed and accuracy. An a t tenuator  was used to 
ampl i fy  the low-signal output  of the extracted 
residual hexane. 

Accuracy of the method was established by 
analyzing soybean flakes containing 0.01-7.5% 
added hexane. The lower l imit  of accuracy is 
approx  0.02%, and the time required for  analy- 
sis is ca. one hr. 

Residual hexane present  in other kinds of 
hexane-extraeted oilseed flakes might  also be ana- 
lyzed by this method. I t  is probable that. extrac- 
tion solvents other than  hexane which are in- 
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finitely soluble in isooctane eal~ also be determined 
by the method proposed. 

Introduction 

I 
NDUST1%IAL EXT1%ACTION Of soybean flakes with com- 
mercial hexane is in large-scale operation. An 

accurate and rapid  determinat ion of residual hexane 
The need for  a sat isfactory method of analysis is 
present  in extracted meal has long been a problem. 
threefold: a) residual hexane in meal in quantities 
sufficient to produce explosive mixtures  with air must  
be avoided; b) fat-free meals derived f rom extraction 
processes and intended for  animal feed must  be free 
of hexane;  and e) solvent loss is of considerable eco- 
nomic importance to this industry.  

In  our laboratory,  residual hexane in flakes was 
previously determined by the combination of two 
methods. A Kar l  Fischer Aquameter  (9) was used 
for water  analysis, and total volatiles were deter- 
mined by heat ing the sample in a vacuum oven. The 
difference was reported as hexane. This method was 
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t ime consuming and only semiquantitative.  Several 
other quant i ta t ive approaches have been reported:  
a) the modified Pensky-Martens closed-cup flashpoint 
test ing appara tus  (8 ) ;  and b) spectrophotometric 
measurement  of benzene in residual hexane ex- 
t racted with isooctane. Gastrock et al. (4) have listed 
several more. Some of these various methods were 
tired, but none yielded reliable results for us. 

GLC has been employed in a var ie ty  of ways to 
analyze low-tool wt hydrocarbons (6).  Because a 
direct  analysis for  hexane in flakes proved extremely 
difficult, an extract ion procedure was devised. Resi- 
dual  hexane was extracted with high pu r i ty  isooetane 
and determined chromatographical ly.  At  hexane levels 
below 1%, accuracy of the methods was _+7%. Above 
that level the accuracy increased to ± 2 % .  Samples 
of meal containing as little as 0.02% hexane were 
anaIyzed with repeated accuracy. A n y  number  of 
samples can be simultaneously extracted with isooc- 
tane and these extracts analyzed by  GLC at ca. 5-min 
intervals.  Solvents other than hexane are used in 
the extraction of flakes (1-3, 5,7). This method may  
be adapted for  analysis of most of these residual 
solvents. 

Apparatus and Procedure 

Residual hexane present  in extracted flakes was 
removed for  analysis by extraction with Eas tman  
spectrograde 2,2,4-trimethyl pentane (an isooctane 
isomer).  Ext rac t ion  was carried out in 125-ml Erich-  
meyer  flasks, equipped with ground-glass stoppers. 
Approx  50 g of sample was t rans fe r red  as rap id ly  
as possible into a previously weighed extraction flask. 
The flask was sealed with a glass s topper  previously 
coated with silicone grease. F i f t y  g of isooctane were 
added to the flask and the total wt was recorded. The 
sample was allowed to shake for  one hr  at  room temp 
on a laboratory shaker. The flask was lef t  undis- 
turbed while the flakes settled out of suspension. The 
decanted extract  was then analyzed by GLC. Con- 
taminat ion of the column packing due to residual oil 
in the flakes was negligible since the samples had 
previously been solvent extracted. 

The chromatographed used in the development of 
this method was a Beckman GC-2A, which is equipped 
with a thermal  conductivi ty detector. The colmnn 
contained 10% diethylene glycol succinate (DEGS)  
adsorbed on 80/100-mesh Chromosorb W. When the 
hexane level in the isooctane extract  was below 5%, 
the sensitivity of the hexane signal had to be increased. 
The a t tenuator  was set at not less than  five, and  a 
1.0 ~1 sample was injected into the chromatograph 
with a 10-~1 Hami l ton  microsyringe while simultane- 
ously marking  zero retention time. A sharp air peak 
eluted within a few. seconds. The air  peak was used 
to calculate retention data. Several seconds af ter  elu- 
tion of the air  peak the hexane isomers eluted. As 
the hexane response approached the baseline the at- 
tenuation set t ing was changed to 200. This change 
depressed the signal output  of the isooctane in re- 
lation to the output  of the hexane. The percentage of 
residual hexane in the flakes was calculated by record- 
ing the signal of the hexane and isooctane on a 1-my 
full-scale recorder  equipped with a Disc integrator,  
which automatical ly recorded the area under  each 
peak. The calculation is shown below: 

R = (100) ( W [ / W S )  ( t t / I r )  
R = Per  cent residual hexane 

WI = Weight  of isooetane 
WS = Weight  of sample 
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H = Hexane  peak area 
I = Isooctane peak area 

Isooctane attenuation 
r ~ - 

Hexane attenuation 

Results and Discussion 

Extraction Solvent. Although residual hexane in 
the sample of soybean flakes used was extractable with 
other solvents, isooctane proved superior. As ana- 
lyzed by GLC, isooctane had an acceptable pur i ty  
especially in the range of hexane elution. Even though 
a trace impur i ty  was observed af ter  elution of the 
isooctane, it did not interfere  with the hexane iso- 
mers. One impor tan t  advantage is that  isooctane elutes 
after the hexane isomers. I f  the isooetane were eluted 
before the hexane isomers, it would be necessary to 
record the isooctane peak at the least sensitive out- 
put  and to ad jus t  the a t tenuat ion before tile trace 
quantit ies of hexane isomers were eluted. Upon in- 
creasing the sensit ivi ty of the signal, the baseline 
stabil i ty would be seriously disrupted owing to the 
incomplete elution of trace amounts  of isooctane. This 
disruption would interfere  with the calculation of 
the small quanti t ies of hexane isomers. 

To investigate the extract ion rate of isooctane, ex- 
tractions were carried out at  room temp for 0.5, 1, 2 
and 3 hr. Ext rac t ion  was complete in one hr. When 
the residual hexane in the flakes was extracted with 
isooetane at 80C, the heat did not significantly in- 
crease the extraction rate. 

Commercial Hexane Fractions. Complete analyses 
of several commercial  hexanes were repor ted  by the 
respective manufac turers .  These samples consisted of 
65-87% n-hexane with the remainder  being composed 
of pentane and hexane isomers. Most of these frac- 
tions contained benzene, which was the only compo- 
nent eluted separately.  The benzene was eluted af ter  
the isooctane and required a separate  calculation. 
Samples of flakes tha t  contained large amt  of benzene 
were analyzed for residual hexane by  first determining 
the content of benzene in the original hexane by GLC. 
The value obtained for  benzene was added to the 
amount  of residual hexane found. 

Column Selection. Known mixtures  of isooetane and 
a commercial ly available hexane f ract ion (Skellysolve 
B) were prepared.  These calibration mixtures  were 
used to compare responses of three different columns. 
The first column (Fig.  1) contained Apiezon, a non- 
polar  substrate.  This column yielded a height equiva- 
lent to a theoretical plate ( H E T P )  of 0.37 cm. Most 
of the isomers of the commercial  hexane fract ion were 
part i t ioned by the Apiezon colunm. This column pos- 
sessed two definite disadvantages:  a) separat ion of 

FIG. 1. Typical analysis of an isooctane extract on a 6-ft, 
¼-in. column of ]0% Apiezon N[ on 80/100 mesh Celite 545. 
Column temp was 118C, with a helulm flow rate of 65 ec/min 
(MP, methyl pentane; MCP, methyl cyc]opentane). 
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FI~ .  2. T y p i c a l  a n M y s i s  of a n  i s o o c t a n e  e x t r a c t  on a 6- f t ,  

~ - i n .  c o l u m n  o f  1 0 %  D E G S  on 8 0 / 1 0 0  m e s h  C h r o m o s o r b  W 
( a c i d  w a s h e d ) .  C o l u m n  t e m p  w a s  25C w i t h  a h e l i u m  flow r a t e  
of  78 c c / m i n .  T h i s  c o l u m n  w a s  se lec ted  f o r  t he  co l lec t ion  of  all  
a n a l y t i c a l  d a t a .  

small quantit ies of residual hexane into its isomers 
yielded several broad peaks tha t  could not be easily 
distinguished f rom baseline dr i f t  and that  caused con- 
siderable difficulty in calculation b) a discrepancy in 
column response between isooctane and  hexane yield- 
ing a relative correction factor  of 0.815 for the hexane. 

The second column contained the more polar station- 
a ry  phase D E G S  polyester.  The H E T P  for  this col- 
umn was 0.77 era. This disadvantage of par t i t ioning 
the hexane isomers was near ly  overcome by  the 11-ft 
D E G S  column; however, the differences in column 
responses were still evident. Because the hexane cor- 
rection factor  var ied at  different percentages, it was 
dit~cult to obtain a valid factor. 

The th i rd  column (Fig.  2), which was 6 f t  in length, 
also contained D E G S  and yielded an H E T P  of 0.89 
era. As shown by the data in Table I, a 6-ft column 
produced near ly  equal responses for  isooctane and 
hexane. The single hexane peak produced by  the 6- 
f t  D E G S  column increased the accuracy of the calcu- 
lation. Also the accuracy of the eMculation shown 
in F igu re  2 can be improved by  increasing the char t  
speed. This speedup will increase the area under  each 
peak and spread the in tegrator  lines apart .  Known 

TABLE I 

0omparative 0olumn l%esponses Between ~-I-lexane and Isooctane 

Hexane added to Ave. hexane, a Standard Relative 
isooctane, wt % wt % deviation deviation 

39.10 39.26 0.0495 0.00126 
8.35 8.43 0.1627 0.01930 
3.53 3.57 0.0570 0.01597 
1.19 1.20 0.0200 0.01667 
0.28 0.24 0.0212 0,08833 
0.080 0.073 0.0081 0.11096 
0.0002 0.008 Below recovery range 

Three determinations. 
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TABLE II 

Aectlr~.ey of the Isooctane Extraction of Hexane Added to Soybean Flakes 

Hexane a added to Hexane found, wt % Error,  % 
meal, wt  % 

0.034 
0.060 

0.13 
0.17 
0.49 
0.55 
0.97 
1.74 
4.24 
7.56 

0.032 
0.054 

0.12 
0.16 
0.45 [ 
0.51 
0,98 
1.69 
4.16 
7.46 

5.9 
6.0 
7.7 
5.9 
8.2 
7.3 
L0  
2.9 
1.9 
1.3 

a Benzene free. 

samples of solvent-free soybean flakes and commer- 
cial hexane at  various concentrations were prepared  
and allowed to equilibrate for 48 hr. The isooctane 
extract  of each of these samples was analyzed on the 
6-ft D E G S  column (Table I I ) .  

Determination of Maximum Sensitivity. The size of 
the sample of isooctane extract  used for  analysis was 
limited to 1.0 td maximum.  The sample injected into 
the chromatograph was instantaneously flashed by the 
preheater  operated at  75C. This vaporizat ion of the 
sample caused an addit ional  column pressure which on 
samples larger  than  1.0 ~l produced a baseline shift. 
The lower a t tenuat ion limit was five, since more signal 
output  caused excessive baseline instability. The time 
required for  each GLC analysis was only two min;  
however, at least three rain was necessary at a high 
signal a t tenuat ion to obtain a stable baseline for the 
next analysis. 

A flow rate greater  than  was indicated as opt imum 
by a Van Deempter  plot yielded a decrease in column 
response differences. To obtain the greatest  sensitivity 
the detector was operated at max imum (allowable) 
current,  which was 450 ma. Maximum resolution of 
the hexane and isooctanc was obtained by use of a 
small amt  of s ta t ionary  phase. Calculation of very 
small peaks was achieved more accurately  by cutt ing 
these peaks out of the graph paper  and weighing them. 

Conclusion 

Based on these studies, a sensitive analytical  method 
for determinat ion of residual hexane has been de- 
veloped. I n  addit ion to hexane the foregoing method 
might  also be applicable to ethanol, methanol, iso- 
propanol,  ni t roethane and several other solvents use- 
ful  o~s oilseed extract ion materials.  Good miscibility 
in isooctane of the solvent to be determined is of 
p r i m a r y  importance.  Also retention da ta  and eolunm 
responses would have to be determined for  each of 
these solvents. In  addit ion to soybean flakes, the de- 
terminat ion of residual solvent might  also be per- 
formed on other kinds of oilseed flakes, such as cotton- 
seed or linseed ; however, in this evaluation no tests 
were made using solvents other than hexaue or oil- 
seed flakes other than  soybean. 
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