
T. CItlBA, K. FUJIMOTO, T. KANEDA, S. KUBOTA AND Y. IKEGAMI 

Boldingh, Biochim. Biophys. Acta 326:279 (1973). 
12. llarbour, J.R., and J.R. Bolton, Biochem. Biophys. Res. Con- 

mun. 64:803 (1975). 
13. Lai, C.S., and L.II. Piette, Ibid. 78;51 (1977). 
14. Saprin, A.N., and L.It. Piette, Arch. Biochem. Biophys. 180:480 

(1977). 
15. Aoshima, t1., T. Kajiwara, A. Ilatanaka and H. Hatano, J. Bio- 

chem. 82:1559 (1977).  
16. Buettner, G.R., and I..W. Oberley, Biochem. Biophys. Res. 

Commun. 83:69 (1978). 
17. Felix, C.C., J.S. Ilyde, T. Sarna and R.C. Scaly Ibid. 84:335 

(1978). 
18. Lai, C.S., and I..11. Piette, Arch. Biochem. Biophys. 190:27 

(1978). 

19. Lai, C.S., T.A. Grover and L.It. Piette, Ibid. 193:373 (1979). 
20. Finkelstein, E., G.M. Rosen and E.J. Rauckeman, Ibid. 200:1 

(1980). 
21. Yoshioka, M., andT. Kaneda, Yukagaku 23:321 (1974). 
22. Terabe, S., K. Kuruma and R. Konaka, J. Chem. Soc. Perkin 

II 1972:1252. 
23. Takagi, T., Y. Mitsuno and M. Mayumi, Lipids 13:147 (1978). 
24. Doba, T., T. Ichikawa and 1t. Yoshida, Bull. Chem. Soc. Jpn. 

50:3158 (1977). 
25. Silbert, I..S., in "Organic Peroxides," Vol. II, (]hapt. VII, edited 

by D. Swern, Wiley-lnterscience, New York, 1971, pp. 637- 
798. 

[Received June  16, 1980] 

�9  Analysis of Lipid Classes and Lipofuscin Substances 
by High Performance Liquid Chromatography 

F.C. PHILLIPS and O.S. PRIVETT, The Hormel Institute, University of Minnesota, 
Austin, MN 55912 

A B S T R A C T  

The fractionation anti analysis of the lipid classes and fluorescent 
substances of animal tissues by high performance liquid chromatog- 
raphy (ItPI.C) using a combination of fluorescence and flame 
ionization detectors is dcscril)c(k The lipid classes and fluorescent 
substances are extracted from rat kidney and liver tissue by a new 
method that involves preextraction of nonlipid and aqueous-soluble 
fluorescent ~bstances with hot dilute (0.05 N) acetic acid. The lipid 
classes and organic-solul)le fluorescent substances are extracted from 
the residual tissue in three extractions: the first with chloroform/ 
meth anol, 1 : 1, v/v ; the second with chloroform/methanol, 1: 2, v/v ; 
and the third with methanol. The fractionation of these compounds 
by HPLC is carried out with a colunm 0.2 • 45 cm, packed with a 
special adsorbent prepared by reacting silicic acid with ammonium 
hydroxide. The eluent is passed through a fluorescence detector, 
which provides a profile of the fluorescent compounds, and then to 
a flame ionization detector for analysis of the lipid classes. The 
method is demonstrated on rat blood serum, liver and kidney 
tissue. 

I N T R O D U C T I O N  

The lipid classes are generally analyzed by thin layer 
ch roma tog raphy  (TLC), e i ther  direct ly  by charring and 
p h o t o d e n s i t o m e t r y  (1-5) or  by applicat ion o f  convent ional  
analytical  me thods  to c o m p o u n d s  recovered from chro- 
matopla tes  (6-9). The quant i f ica t ion  of  l ipofuscin sub- 
stances is based on spec t ropho to f luo rome t r i c  analysis 
applied direct ly  to tissue ext rac ts  (10), af ter  f rac t ionat ion  
by silicic acid through co lumn ch romatography  (11), 
Sephadex  ch romatography  (12) or TLC (13). Al though 
these me thods  are used widely for  the analysis of  l ipofuscin 
substances and lipid classes, the fact  that  they are applied in 
many  ramif icat ions  atests to the need for simple, more  
precise procedures.  In this paper  we repor t  the application 
of  t lPI .C to the analysis of  lipid classes and f luorescent  
substances in animal tissues s imul taneous ly  by a combina-  
t ion of  f luorescence  and f lame ionizat ion detectors .  

EXPERIMENTAL 

Standards 

Ret ino l  and ret inyl  palmitate ,  which was used as a standard 

for rct inyl  esters, were purchased from Sigma Chemical 
Company ,  St. I.ouis, MO. The lipid class standards used in 
this s tudy were available in our  labora tory  f rom the Lipid 
Preparat ion Project,  in which we were active. ] 'he ident i ty  
and puri ty of  each preparat ion was moni to red  by TI.C. 
Neutral  lipids used as standards were cholesterol  (Ctt),  
cholesteryl  palmita te  (CE), t r ipalmit in (T(;),  dipal,nit in 
(DG), and palmit ic  acid (FFA) .  Phospholipid standards 
included rat liver phosphat idylchol ine  (PC), lysophospha- 
t idylchol ine  (I.PC), beef  brain phospha t idy le thanolamine  
(PE), lysophospha t idy le thano lamine  (I.PE) and phospha- 
t idylser ine (PS), egg sphingomyel in  (SPI/),  soybean phos- 
phat idyl inosi tol  (PI), and beef  kidney diphosphat idyl-  
glycerol  (DPG). 

Solvents 

Solvents used in the ext rac t ion  of  the tissues as well as for 
l iquid chromatography ,  including the regenerat ion of  the 
columns,  must  be rigorously purified to remove substances 
that  interfere in the analyses of  both the f luorescent  
substances and lipid classes. Purif icat ion is per formed by 
passing each solvent;  i.e., Skellysolve B, me thy lene  chloride, 
ch lo ro fo rm and methanol  through individual columns of  
silicic acid fo l lowed by disti l lation in an all-glass still. 

Tissues 

Bh)od serum, liver and kidney tissue used as specimens in 
this work  were obta ined  f rom male Sprague-Dawley rats fed 
a rat chow diet.  The animals were killed by exsanguination 
by withdrawal  o f  the blood f rom the re t roocular  plexes; the 
kidneys  and livers were excised and used immediate ly .  

Tissue Extraction 

A new ex t rac t ion  procedure  that  we developed for brain 
(14) and plant tissue (15) was modi f ied  for  extract ion of  
the lipid classes and f luorescent  substances f rom liver 
and kidney tissues. Freshly excised tissue (0.5 g) is placed 
in a 15-ml centr ifuge tube conta ining 5 ml of  hot  dilute 
(0.05 N) acetic acid in a boiling water  bath (ca. 95 C) 
for  30 min.  Af te r  the heat  t rea tment ,  the tissues are homog-  
enized for  1 min with a Tekmar  t issuemizer,  Model SDT 
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with SDT-100N shaft, at maximal speed, and the tubes are 
centrifuged at 12,500 rpm for 15 min. The supernatant  is 
decanted and the procedure repeated at room temperature 
on the residual tissue. The purpose of  these extract ions is to 
destroy hydrolyt ic  enzymes and remove impurit ies that  
ordinarily contaminate chloroform/methanol  extracts. 
These extracts contain no lipid or lipofuscin substances and 
are discarded. The lipid classes and lipofuscin substances are 
extracted from the residual tissue in three extractions,  the 
first with 40 ml of chloroform/methanol ,  1:1, v/v; the 
second with 40 ml of chloroform/methanol ,  1:2, v/v; and 
the third with 40 ml of  methanol.  Each extract ion is done 
by homogenization for 1 min with a Tekmar tissuemizer. 
The extracts are recovered by centrifugation at 3,000 rpm, 
combined, and the lipid and lipofuscin substances recovered 
by evaporation of  the solvents under reduced pressure at 
room temperature on a Rotovaporator .  

HPLC 

The tissue extracts are fractionated on a column (0.2 x 45 
cm) of silicic acid treated with ammonium hydroxide.  This 
adsorbent is prepared by stirring Spherisorb, S-GP, 8-~t 
(Phase Separation, Ltd., Hauppauge, NY) with concen- 
trated ammonium hydroxide for 48 hr at room temperature.  
The treated silicic acid is filtered and washed thoroughly 
with distilled water and methanol,  after which it is activated 
by heating at 110 C for 2 hr. Columns were packed with 
this adsorbent,  as described by Scott  and Kucera (16), using 
a ltaskel pump, Model DHF-302A, at a pressure of 15,000 
psi. The HPLC is done using an Instrument Specialties Co., 
Model 384 (ISCO, Lincoln, NB) pumping system at ca. 
1,000 psi to give a solvent flow rate of 0.6 ml/min. The 
eluent is passed through an Aminco-Bowman spectrophoto-  
fluorometric detector  and to a flame ionization detector  
fabricated in our laboratory (17). The signals from the 
detectors are recorded simultaneously by means of a 
two-pen strip chart recorder using different colored inks. 
Both colors became black upon reproduction,  ltence, the 
chromatograms of the fluorescent compounds reported 
here are dot ted  to distinguish them. The fractionation of 
extracts is started by eluting the cholesteryl esters, trigly- 
cerides and other nonpolar  components  with Skellysolve 
B/methylene chloride, 1:1, v/v. This solvent is passed 
through the column for exactly 6 min. Then, chloroform/  
methylene chloride, 1:3, v/v, is passed through the column 
also for 6 min, during which cholesterol is eluted. Follow- 
ing elution of cholesterol, methanol containing 6% concen- 
trated ammonium hydroxide is added to this solvent 
(chloroform/methylene chloride, 1:3, v/v) in a 40-min 
linear gradient. Finally, the column is regenerated by 
passing chloroform/methylene chloride, 1: 3, v/v, through it 
for 20 rain, which is followed by passing Skellysolve 
B/methylene chloride, 1: 1, v/v, for 20 min. 

The column used in this study has been in use ca. 6 
months. During this time, more than 100 injections have 
been made, with very slight deterioration of column activ- 
ity and resolution. A guard column of  the same column 
packing, 20 mm x 2 mm, was used and was replaced twice 
during the 6 months. 

R E SU LTS 

The analysis of an extract  of rat kidney tissue (Fig. 1) is 
typical of the application of  the method to animal tissues. 
The profiles of the lipid classes and fluorescent substances 
are run simultaneously but  the pens are offset 1 era ; there-  
fore, the start  or zero time of the chromatogram of the 
lipid classes is at the 2-rain point  relative to the chromato-  
gram of the fluorescent substances. 
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FIG. 1. HPLC of lipid classes (smooth line) and fluorescent sub- 
stances (dotted line) of rat kidney determined simultaneously via 
flame ionization and fluorescence detectors, respectively. The 
chromatogram of the lipid classes is offset from that of  the fluores- 
cent compounds by 2 mln. Major peaks in the fluorescence chro- 
matogram axe: RE, retinyl esters; RET, retinol; ARFS, age-related 
fluorescent substance; U, unidentified. Major peaks in the profile 
of  the lipid classes axe: CE, cholesteryl esters; TG, triglycerides; 
CH, cholesterol; DPG, diphosphatidylglycerol; PE, phosphatidyl- 
ethanolamlne; PI, phosphatidylinositol; PS, phosphatidylserine; 
PC, phosphatidylcholine; SPH, sphingomyelin; LPC, lysophospha- 
tidylcholine. 

Generally, the analysis is done on ca. 1 mg of tissue 
extract  to detect  the fluorescent substances because these 
substances are present in most  animal tissue only in very 
small amounts. 

Identif ication of  the lipid classes was made by TLC 
analysis of the peaks collected from ca. two-thirds of  the 
eluent by means of a spli t ter  after passage through the 
fluorescence detector.  Identif icat ion of the peaks in the 
chromatograms was also made by comparing retent ion 
times with authentic standards chromatographed under 
the standardized conditions.  Retinol and retinyl esters 
were identified by the ttPLC of standards and by spectro- 
photof luorometr ic  analysis of eluent corresponding to the 
peaks in the chromatogram. Because the elution program is 
conducted in part manually,  its precise reproduct ion from 
one run to another  is sometimes variable. Consequently,  the 
retention times vary from one chromatogram to another.  
However, identif ication of the peaks can usually be made 
from the general pat tern of  the elution of the components .  

In the chromatogram of  the fluorescent compounds  a 
peak was designated as an age-related fluorescent sub- 
stance (ARFS) on the basis that  it was relatively minor  
in young animals and a major component  in old animals 
(as il lustrated with kidney extracts  in Fig. 2). 

Spect rophotof luorometr ic  analysis of  collected fractions 
containing ARFS  showed that  it had excitat ion and emis- 
sion maxima of  360 and 420 nm, respectively, which is 
characteristic of  lipofuscin substances. This peak is readily 
distinguished from retinol and retinyl esters in the chromat-  
ogram of the fluorescent compounds,  but it overlaps 
cholesterol in the profile of the lipid classes. The same peak 
(ARFS) aslo was observed in the blood serum of  rats (Fig. 
3). The composit ion of  the lipid classes differs greatly in 
kidney and serum, but  the ARFS peak is easily distin- 
guished relative to cholesterol; as well  as retinol and ret inyl  
esters. 
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The chromatogram of the fluorescent substances in 
Figure 1 indicated that animal tissues contained several 
other  fluorescent compounds  besides retinol, retinyl 
esters and the ARFS.  However, no e f for t .was  made to 
identify other peaks in the chromatogram of the fluores- 
cent compounds in this study.  At about t R 25 min and 
through the remainder of  the analysis, the fluorescence 
baseline rises due to the increasing amount  of methanol-  
concentrated NH4OH solvent in the eluting solvent. 

The course of the extract ion of the fluorescent sub- 
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. . . . . . . .  
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FIG. 2. Comparison of the HPLC analysis of the fluorescent com- 
pounds of the kidney extracts from A, old (77-week) and B, young 
(18-week)  rats. Abbreviations as in Fig. 1. 
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FIG. 3. HPLC of  lipid classes (smooth llne) and fluorescent sub- 
stances (dotted line) of  rat serum determined simultaneously 
via flame ionization and fluorescence detectors,  respectively.  The 
chromatogram of the lipid classes is offset  from that of  the fluores- 
cent  compounds  by 2 min. Major peaks in the chromatogram of 
the f luorescent compounds  and major peaks in the profile of  the 
lipid classes are as abbreviated in Fig. 1 (FFA,  free fatty acids). 

stances and the lipid classes from rat liver tissue was fol- 
lowed by spectrophotof luorometr ic  and HPLC analyses 
of  the individual extracts (Figs. 4 and 5). The spectral 
analyses (Fig. 4) showed that  the acetic acid extract  did not 
contain any lipofuscin substances, inasmuch as the excita- 
tion and emission maxima at 280 and.345 nm, respectively, 
are not characteristic of these substances. The first chloro- 
form/methanol  extraction, 1: 1, v/v, contained most of the 
retinol and retinyl esters, as evidenced by the fluorescent 
spectrum which had excitation-emission maxima charac- 
teristic of these compounds.  This fraction contained the 
bulk of the lipid classes, as shown by the ItPLC analysis 
(Fig. 5). The HPLC also confirmed that retinyl esters were 
the major component  of  the fluorescent compounds of this 
fraction. The second chloroform/methanol  extraction, 1: 2, 
v/v, contained most of the lipofuscin substances, as evi- 
denced by the shift in the excitat ion and emission maxima 
to 360 and 420 nm, respectively. The HPLC analysis (Fig. 
5) showed, accordingly, that the major component  o f  the 
fluorescent substances of this extract was the ARFS. The 
third extraction, that with methanol,  contained only traces 
of  lipid and fluorescent substances and generally can be 
disregarded. 

A novel feature of the flame ionization detector  used in 
this study is that it converts all compounds to  hydrocar- 
bons. Ilence, it should be possible to quantify the lipid 
classes on the basis of the proportionali t ies of their peak 
areas corrected for carbon content  or by the use of 
response factors. Analysis of rat kidney phospholipids 
by simple proport ionali t ies of their peak areas agreed well 
with values reported in the literature (18) for these com- 
pounds (Table I). 

D I S C U S S I O N  

The methodology described in this report offers an im- 
provcd method for the cxtract ion of fluorescent substances 
and lipid classes from animal tissues, and provides a novel 
approach to the analysis of these substances by HPI,C. t tot  
dilute acetic acid does not extract  any lipid from animal 
tissues, and inactivates hydrolyt ic  enzymes, as demon- 
strated in previous work (14,15). Animal tissues treated 
with hot  dilute acetic acid can be stored indefinitely at -20 
C without deterioration of the lipid or an increase in 
fluorescent substances. Preextraction of animal tissues with 
acetic acid removes nonlipid substances that are normally 

B 

W AVELENGTN-NA NO METE RS 

FIG. 4.  Fluorescence excitation and emission scans of acetic acid 
extracts and subsequent organic solvent extracts of rat liver: A = 
1st, 2nd, 3rd and 4th acetic acid extracts. B = 1st chloroform/ 
methanol  (C/M) extract; 2nd C/M extract; and 3rd C/M ex~'act. 
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FIG. 5. FID and fluorescence chromatograms of  individual C/M 
extracts of rat liver after acetic acid extraction: A = 1st chloroform/ 
methanol (C/M), 1,1, v/v, extract; B = 2rid C/M, 1:2, v/v, extract. 
The chromatogram of the lipid classes is offset from that of the 
fluorescent compounds by 2 min. Major peaks in the fluorescent 
chromatogram and major peaks in the profile of the lipid classes 
are as abbreviated in Fig. 1 (LPE, lysophosphatidylethanolamine). 

extracted with chloroform/methanol  and that  contaminate  
lipid extracts (19). Generally, these substances are removed 
from chloroform/methanol  extracts  by solvent part i t ion as 
in the Folch procedure (20), by aqueous extract ion (21), or 
Sephadex chromatography (19). However, these procedures 
are time-consuming and introduce errors in the quantitative 
analysis of lipids. On the other hand, tissues preextracted 
with acetic acid can be exhaustively extracted with chloro- 
form and methanol to provide a quantitative recovery of  
the lipid classes devoid of nonlipid substances. Spectro- 
photof luorometr ic  analysis showed that  no lipofuscin 
substances were lost by extraction with dilute acetic acid 
inasmuch as the excitat ion and emission maxima of these 
extracts were 280 and 345 nm, respectively. The excitat ion 
and emission maxima of lipofuscin substances are generally 

TABLE I 

Quantitative Analysis of Kidney Phospholipids by HPLC a 

HPLC 
Phosphorus HPLC (peak areas corrected 
analysis (18) (peak areas) for % carbon) 

PC 34.29 37.46 37.13 
PE 27.13 29.31 29.51 
PS 7.18 6.71 6.98 
PI 5.87 6.69 7.12 
DPG 6.51 6.81 6.80 
SPH 12.13 12.43 12.19 
LPC 0.94 0.13 0.15 

Total phospholipids (%) by HPLC using flame ionization detec- 
tor. PC, phosphatidylcholine; PE, phosphatidylethanolamine; PS, 
phosphatidyl~rine; PI, phosphatidylinositol; DPG diphosphatidyl- 
glycerol; SPH,  sphingomyelin; LPC, lysophosphatidylcholine. 

reported as 340-370 nm and 420-470 nm, respectively 
(10,22). 

Lipofuscin substances are believed to arise generally via 
in vivo oxidat ion;  therefore, the peak designated as ARFS  
might serve as an index of  in vivo oxidat ion.  It should be 
particularly valuable for this purpose because it also appears 
in blood. Current methods  for the detect ion of  in vivo 
oxidat ion include the TBA test (23), fluorescence measure- 
ments on fractions obtained from tissue extracts  (11,12, 
24), or the analysis of hydrocarbon gases in respired air 
(25,26); these are general tests. Hence, measurement  of 
ARFS should be not  only highly sensitive, but  also specific 
for in vivo oxidat ion.  

Although TLC will continue to be used for the quanti ta-  
tive analysis of  the lipid classes, this study demonstrates  the 
potential  value of HPLC for the quantitative analysis of 
these compounds.  HPLC should have little, if any, advan- 
tage over other  methods  of  analysis if it must  be combined 
with other  methodology such as determinat ion of  phos- 
phorus or fat ty  acid composi t ion for quantitative analysis. 
The fact that the lipid classes are converted to hydrocar-  
bons via in t roduct ion of  hydrogen in the reactor  of  the 
detector  provides a uniformity  in the ionization reaction 
for all compounds.  Therefore, the response of  the lipid 
classes should be equivalent to their carbon content  in 
general. This seems to be the case with the compounds  of 
similar structures, such as the phospholipids (Table I). 
Lipids with very different  structures, such as cholesteryl 
esters and triglycerides, varied considerably in their  re- 
sponses, although the response was linear to mass in each 
case (17). I t  appears that,  for a quanti tat ive analysis of the 
entire profile of  the lipid classes, response factors will be 
required at least for some compounds.  However, these 
factors should be fairly simple and, with their development ,  
should enable a direct  quantitative analysis of these com- 
pounds  by ItPLC. 

In this study,  each analysis was done on ca. 1 mg of 
tissue extract  to detect  the f luorescent  compounds,  which 
is highly advantageous in studies designed to interrelate 
these substances with the lipid classes (as in aging studies). 
However, the FID detec tor  is capable of  detecting the lipid 
classes in the low nanogram range (17). Hence, if as we 
have indicated, HPLC can be used directly for quanti tat ive 
analysis, it will be a superior method for the analysis of  
these compounds  as well as of lipofuscin substances. 
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&Fatty Acids and Sterols in Oils from Canola Screenings 1 

R.G. ACKMAN and J-L. SEBEDIO, Technical University of Nova Scotia, 
Fisheries Research and Technology Laboratory, 1360 Barrington Street, 
PO Box 1000, Halifax, Nova Scotia B3J 2X4, Canada 

A B S T R A C T  

One sample of canola seed (variety Tower) and five samples of 
screenings were commercially processed to yield first an "expeller 
oil" and subsequendy an "extractor oil" by the hexane extraction 
of the residue. The screening samples contained 25-50% intact or 
broken canola seed. The balance included 21-31% weed seeds 
(especially [ambsquarter and stinkweed), hulls, fragments of the 
embryo, and chaff. All the oil samples were analyzed for sterol and 
fatty acid composition. The extractor screening samples had slightly 
higher sterol contents than the corresponding expeller samples, 
while the Tower samples gave the lowest values. The averages (in 
mg/g oil or extract) for the extractor screening samples were: 
brassicasterol, 1.0; campesterol, 4.1; and ~sitosterol, 7.3. For 
expeller screening samples the averages were: 0.9, 3.6 and 6.2, and 
for the Tower oils they were, respectively, 0.9, 3.8, 5.3 and 0.9, 
3.5, 4.7. The fatty acid compositions of the screening samples for 
both extractor and expeller oils were similar to that of the Tower oil 
except for the higher proportions of docosenoic acid (22:1) and 
eicosenoic acid (20:1) and the more obvious presence of three 
CL8 conjugated dienes totalling up to 0.6% of one screening oil 
sample. The docosenoic acid level (mainly erucic acid) ranged from 
3.0 to 7.0% for the extractor oils and from 2.5 to 8.0% for the 
expeller samples, compared to 0.1% for the two Tower oils. The oil 
contents of the screenings ranged from 20 to 30%, and the fatty 
acids and sterols appear to he nutritionally useful and innocuous in 
all respects. 

I N T R O D U C T I O N  

Screen ings  are an i n a d v e r t e n t  b u t  e c o n o m i c a l l y  s igni f icant  
f ac to r  in the  cano la  ( reg is te red  n a m e  for  low-glucos inola te ,  
low-erucic-acid  var ie t ies  of  Brassica napus or Brassica 
campestris) i n d u s t r y  in w es t e r n  Canada .  F~trm deliveries o f  
cano la  seed inc lude  dam aged  and  i m m a t u r e  cano la  seeds, 
and  some  gene t ica l ly  re la ted  seeds (e.g., mus ta rd ) ,  b u t  a 

t Presented in part at the ISF/AOCS World Congress, New York, 
April-May 1980. 

var ie ty  of  weed seeds are always inc luded .  The  whole  of  
this  undes i r ab le  mater ia l  may  be t e r m e d  dockage.  A sub- 
s tant ia l  p o r t i o n  can be r emovcd ,  a c c o m p a n i e d  by  some loss 
of  sound  cano la  seed, as screenings.  This  mater ia l  is no t  
no rma l ly  processed  in any way for  oil or  meal  p roduc t ion .  
As par t  of  a p rogram to invest igate  the  charac ter is t ics  of  
screenings  in an imal  n u t r i t i o n ,  two  types  of  oil were pre- 
pared  f rom each of  five sets of  screenings,  respect ively  
d e n o t e d  as e x t r a c t o r  and  expe l le r  oils. These  oils were 
e x a m i n e d  for  f a t ty  acids and  sterols.  Fo l lowing  our  earl ier  
inves t iga t ion  of  rapeseed  oils for  m i n o r  f a t ty  acids (1), we 
have n o w  appl ied the  same e x a m i n a t i o n  technology ,  and  
our  c u r r e n t  results  ind ica te  general ly  u n i m p o r t a n t  differ- 
ences  be tween  cano la  oil and  screenings  oils. The  screenings 
oils, however ,  had  apprec iab le  erucic acid, whereas  the  
T o w e r  oils had  only  0.1%. The  screenings  oils also had  up  
to 0.6% to ta l  con juga t ed  o c t a d e c a d i e n o i c  acids, c o m p a r e d  
to on ly  t races in the  T o w e r  oils. 

E X P E R I M E N T A L  P R O C E D U R E S  

The  five lots  of  screenings,  and  one  lo t  of  cano la  seed, 
var ie ty  T o w e r  (Brassica napus), f rom the  1977 crop were 
del ivered to the  P.O.S. Pi lo t  P lan t  Co rpo ra t i on ,  Saska toon .  
The  lots  a m o u n t e d  to ca. 900  kg each f rom five separate  
l oca t ions  in th ree  provinces.  All were sequent ia l ly  f laked,  
cooked ,  expe l led  and  e x t r a c t e d  (hexane )  by conven t iona l  
p rocedures  (2). T h e  oils were sh ipped  to Hal ifax for  analy- 
sis and  were  a l lowed to s t and  to set t le  o u t  any fine solids 
presen t .  T h e n  the  u p p e r  two- th i rds  to  th ree-quar te rs  
o f  the  oils was decan t ed  in to  n ig rogen-purged  con ta ine r s  as 
the  sample  for  analysis.  A small  lo t  of  the  original  m ix tu r e  
o f  screenings  (B) was o b t a i n e d  later.  Seeds of  sample B 
were c rushed  and  e x t r a c t e d  in the  l a b o r a t o r y  by boi l ing 
wi th  h e x a n e  for  1 h r  u n d e r  n i t rogen .  
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