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A lesquerella species (Lesquerella fendlert) being investi- 
gated as a domestic source of seed oil containing hydroxy 
fatty acids shows good agronomic properties and is being 
tested in semi-commercial production. Lesquerella fendleri 
seeds contain 25% oil, of which 55% is lesquerolic acid 
(14-hydroxy-c/s-11-eicosenoic). Oils produced in pilot-plant 
quantities by screw press, prepress-solvent extraction and 
extrusion-solvent extraction processes have been refined 
in the laboratory by filtering, degumming and bleaching. 
Two American Oil Chemists' Society (AOCS) standard 
bleaching earths and two commercial earths were com- 
pared for effectiveness in bleaching these dark, yellow-red, 
crude lesquerella oils. Free fatty acids (1.3%), iodine value 
(111), peroxide value (<4 meq/kg), unsaponifiables (1.7%) 
and hydroxyl value (100) were not significantly affected 
by degumming and bleaching, but phosphorus levels of 
8-85 ppm in the crude oils were reduced to 0.5-1.1 ppm in 
the degummed and bleached oils. Crude oils had Gardner 
colors of 14, which were reduced to Gardner 9-11 in the de- 
gummed and bleached oil, depending on bleach type and 
quantity used. AOCS colors in the range of 21-25R 68-71Y 
were obtained. By including charcoal in the bleaching step, 
a considerably lighter oil could be obtained (Gardner 7). 
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Hydroxy fatty acids are used in many items of commerce. 
some of which have critical and strategic applications. The 
United States has been dependent on the world marketplace 
for its hydroxy fatty acids since domestic castor produc- 
tion was abandoned in 1971. 

Lesquerella species contain hydroxy acid seed oils that 
are viewed as complementary tQ and perhaps in some uses 
substitutes for, castor oil and its derivatives (1). Agronomic, 
breeding and chemical evaluations (2-6) suggest good poten- 
tial for Lesquerella fendlerL The agronomic properties of this 
species are being tested in semi-commercial production with 
private~sector cooperation, including oil production and 
evaluatioiL Both laboratory and pilot-plant processing of the 
seed have been pursued to identify suitable conditions for 
commercial extraction of the oil. Als~ rat-, chick- and beef- 
feeding studies are under way to evaluate the nutritional 
quality of defatted lesquerella meals. 

Crude oils produced in our pilot-plant extraction studies 
(7) were dark due to abundant yellow and red pigments. 
These oils required refining to remove meal fines, gums and 
color before further evaluation and use Therefor both 
prepress-solvent extracted and extruded-solvent extracted 
oils have been filtered~ degummed and bleached, and the 
results are reported in this paper. 

EXPERIMENTAL PROCEDURES 

Materials and methods. Crude oils from prepress, solvent 
extraction (designated hereon as prepress-solvent) of les- 
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querella seed consisted of 16.0 kg press oil [4-in (10.2 cm) 
mechanical press; French Oil Mill Machinery Co., Piqua, 
OH] and 21.4 kg solvent oil (4-stage miscella batch ex- 
traction of press cake; French deep-bed modular extrac- 
tor}. Crude oils from extrusion direct solvent extraction 
(designated hereon as extrusion-solvent) of flaked les- 
querella seed (7) consisted of 11.3 kg oil batch solvent ex- 
tracted (tank percolation) and 27.4 kg solvent oil con- 
tinuously solvent extracted (Crown Model 2 extractor; 
Crown Iron Works Co., Minneapolis, MN). 

Four bleaching earths were tested: Filtrol Nevergreen 
(Engelhard Corp., Edison, NJ), American Oil Chemists' 
Society (AOCS) Activated Bleaching Earth, AOCS 
Natural Bleaching Earth (AOCS, Champaign, ]L), and 
Tonsil L-80 (L.A. Salomon Inc., Port Washington, NY). 
Darco G60 activated charcoal (ICI U.S. Inc~ Wilmington, 
DE) was used in a few experiments to test additional col- 
or removal from lesquereUa oil. 

Oil analyses followed Official AOCS Methods (8): Ca 
5a-40 [free fat ty acids (FFA)]; Ca 12-55 [phosphorus (P)]; 
Cd 1-25 [iodine value (IV)]; Cd 8-53 [peroxide value (PV)]; 
Ca 6b-53 (unsaponifiable); Cd 13-60 (hydroxyl). 

Degumming. The crude oils were first filtered through 
celite and No. 1 Whatman filter paper (Maidstone" Eng- 
land) to remove sludge (meal fines and gums) and then 
were refined. After a number of trials, the following 
degumming procedure was chosen. Crude oil was shaken 
vigorously in 2-L separatory funnels with 8% (w/w) 
saturated NaC1 solution. Water alone (8% w/w) generally 
gave more difficult emulsions than the salt solution and 
therefore was not used further after initial trials. Depend- 
ing upon the tenacity of emulsions formed, gums were 
separated by allowing the oil/salt solution mixtures to 
stand for different periods of time followed by centrifug- 
ing (2500 × g). Where emulsions persisted, they were 
separated from the main fractions (oil and salt solution) 
and accumulated for further separation at a later time. 
Heating of both the oil and salt solution (70°C) prior to 
mixing gave only marginally better separation of emul- 
sions and gums and therefore was not routinely practiced. 
Degummed oils were stored under nitrogen at I°C in 1-gal 
(3.78 L) glass containers. 

Bleaching. Initially, degummed oil was dried for 1.5 h 
in a rotary evaporator at 60°C and -98  kPa (29-in 
vacuum, water aspirator) prior to bleaching. However, ex- 
periments with both dried and undried oils showed that 
there were no differences in bleached color observed be- 
tween dried and undried oils. 

Bleaching parameters (bleaching earth type and 
amount, temperature and time) were initially evaluated 
by placing 43 g of degnmmed oil in 100-mL round-bottom 
flasks, adding the required amount (2.5, 5, 7.5 or 10%) of 
one of four bleaching earths mentioned above, and 
rotating the mixtures at 170 rpm on a rotary evaporator 
under vacuum (-98 kPa) at the desired temperature (60 
or 80°C) for the desired time (1 to 3 h). These experiments 
identified 5% Filtrol Nevergreen bleaching earth, 80°C 
and 2 h as adequate for the maximum reduction observed 
in oil color. Thus, the bulk degummed oils were bleached 
by combining oil (900 g) with 5% Nevergreen bleaching 
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ear th  (45 g) in 2-L round-bot tom flasks and ro ta t ing  the 
mixtures  a t  170 r p m  and 80°C under  - 9 8  kPa  vacuum 
for 2 h, after  which the mixtures  were centrifuged at  
2500 × g until  clear, br ight  bleached oils were obtained 
(ca. 2 h). Bleached oils were stored a t  I °C under  ni trogen 
in glass bottles. 

C o l o r  m e a s u r e m e n t s .  Both  crude and refined (degnm- 
med and bleached} lesquerella oils were compared for col- 
or in four color measur ing  devices: two provided Gardner  
colors (Gardner Tube Color Standards,  Gardner  Labora- 
tory, Inc ,  Washington, D.C.; and Lovibond 3-Field Com- 
parator,  The Tintometer  Co., Williamsburg, VA; 50 m m  
depth}, one measured AOCS red and yellow colors (Tin- 
tometer  Model AF 710; The Tintometer  Co., AOCS Meth- 
od Cc 13b-45} and the fourth measured Lovibond (red, 
yellow, blue and neutral) colors photoelectronically (Lovi- 
bond Colourscan instrument,  The Tintometer  Co.}. On the 
dark, crude oils, AOCS and Lovibond colors could only 
be determined on 1-in (2.54 cm) oil depths, bu t  colors of 
refined oils were read a t  the preferred 5 1/4-in (13.3 cm} 
depth. 

Refined lesquerella oils somet imes  remained sl ightly 
turbid  or hazy af ter  warming  to room tempera ture  from 
refrigeration, and it  was necessary to warm them to 50- 
60°C to obtain a clear, br ight  oil for color determination.  
To determine any effect of tempera ture  on color (clarifica- 
tion, densi ty  changes}, color determinat ions  {red, yellow, 
blue, neutral} were replicated with  the Colourscan instru- 
ment  on a refined lesquereUa oil and on a commercial food 
oil (Mazola oil, local supermarket} at  both  room tempera-  
ture and at  55°C. 

RESULTS AND DISCUSSION 

Crude lesquerella oils were available from pilot-plant trials 
of two oil extract ion processes, prepress-solvent extrac- 
t ion and extrusion-solvent  extraction. Quanti t ies  of the 
various press and solvent oils f rom these processes are 
listed in Table 1. All were dark yellow-red oils with Gard- 
ner colors of 14-15. A total  of ca. 76 kg  of oil was refined 
(degnmmed and bleached} in lots of ca. 0.9 kg  each. 

Recovery of oil f rom degumming  operat ions averaged 
85.9% [standard deviation (SD) -- 8.0, relative s tandard 
deviation (RSD) = 9.3%] for the prepress-solvent extrac- 
tion oils, compared  with 91.3% (SD = 3.4, RSD -- 3.7%} 
for the extruded-solvent  extract ion oils. The lower 
recovery, and greater  variabi l i ty  in t ha t  recovery, for the 
former oils undoubtedly resulted from their  greater  diver- 
s i ty  (press vs .  solvent, etc .}  compared with  the more 
uniform oils of the second group, which were all obtained 
by direct solvent extract ion of extruded collets. Signifi- 
cant port ions of oil en t rapped in the emulsions tha t  form- 
ed during degumming  and mechanical  losses account for 
the lower than  desired recoveries. 

Significant au todegumming  occurred during initial 
s torage of the crude prepressed solvent-extracted otis, 
whereas lit t le similar action was observed during initial 
s torage of the crude extrusion-solvent  oils. This was ap- 
parent  bo th  from the amount  of "sludge" ("foots"} re- 
moved dur ing initial f i l trat ion and from the amount  of 
gums actually precipitated during degnmming operations. 

Four available bleaching ear ths  were tes ted for bleach- 
ing power. Table 2 shows the results at  three levels of 
bleach (2.5, 5, 7.5%} and for the combination of bleach (5%) 
and act ivated charcoal (3%). Although the bleach/charcoal 
combinat ion produced the l ightest  oil {Gardner 7), char- 
coal t r ea tmen t s  were not  pursued fur ther  due to dif- 
ficulties associated with the practical use of charcoal. Both 
Filtrol Nevergreen and AOCS Activated Bleaching Ea r th  
(acid activated clays} provided the best  color improvement 
of the four ear ths  (see 5% level, Table 2). With  AOCS ac- 
t ivated earth, 2.5% was definitely inferior to 5%, and 7.5% 
was not  significantly be t te r  than  the 5% level. Although 
Nevergreen and AOCS act ivated ear ths  gave comparable 
color reductions, the former was easier to remove, thus 
giving br ighter  oils af ter  centrifugation.  Therefore, 5% 
Nevergreen ear th  a t  80°C and - 9 9  kPa  vacuum for 2 h 
was chosen for the bulk bleaching runs. These conditions 
gave refined otis with golden-yellow colors (Gardner 10-11, 
Table 1). Bleaching recoveries for the two types  of oils, 
prepress-solvent (90.0%, SD = 4.7%, RSD -- 5.2%} and 
extrusion-solvent  (87.1%, SD = 3.2%, RSD -- 3.7%}, were 

TABLE 1 

Colors and Refining Recoveries of Lesquerella Oil from Two Extraction Processes 

Crude Gardner Refined Gardner Recovery 
Oil type oil (g) color oil (ga) color (%) 
Prepress-sol~ent extraction 
Press oil, 1 u 4214 14 2970 10 70.5 
Press oil, 2 c 11856 14 8686 10 73.3 
Solvent oil, 3 d 12495 15+ 9078 1•+ 72.7 
Solvent oil, 4 e 8899 14 6064 1 68.1 

Subtotal/average 37464 26798 71.5 
Extrusion-solvent extraction 

Solvent oil, 5~, 11343 14 9076 11+ 80.0 
Solvent oil, 6 n 14378 14 11637 11+ 80.9 
Solvent oil, 7 h 12951 14 10598 11+ 81.8 

Subtotal/average 38672 31311 81.0 

aFiltered, degummed and bleached. 
bIncludes off from full-press test run. 
~PErepress conditions. 

xtracted from press cake. 

7 Direct solvent extraction of pelleted flakes. 
Brown tinge made color match difficult. 

gBatch direct solvent extraction of multiple-pass extruded collets. 
hContinuous direct solvent extraction of single-pass extruded collets. 
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TABLE 2 

Gardner Color of Lesquerella Oil in Preliminary Bleaching Tests a 

% Bleaching earth 

Bleaching earth 2.5 5.0 7.0 5 + 3 C b 

AOCS Natural Bleaching Earth -- 13 --  --  
AOCS Activated Bleaching Earth 11+ 10 9+ 7 
Harshaw/Filtrol Nevergreen -- 10 --  7 
Salomon Tonsil L-80 --  13 -- -- 

aOil (43 g) and bleaching earth were mixed for 2 h at 80°C and 
--99kPa vacuum. 

bDarco G60 activated charcoal. 

TABLE 3 

Comparison of American Oil Chemists' Society Colors of Lesquerelia 
Solvent  Oils from Tintometer  and Lovibond Colourscan 
Instruments a 

Tintometer Colourscan 
oil depth oil depth 

1-in b 5 1/4-in 1-in b 5 1/4-in 

Crude oil 5 c 15R 70 + Y -- 16R 69Y --  
Crude oil 6 d 17R 70 + Y -- 18R 71Y -- 
Crude oil 7 d 16R 70 + Y -- 32R 82Y -- 
Refined oil 5 c --  21R 70 + Y -- 35R 68Y 
Refined oil 6 d - -  20R 70 -t- Y - -  24R 69Y 
Refined oil 7 d --  20R 70 + Y -- 22R 68Y 

aFlaked seed extruded and then direct solvent extracted. Refined 
oils were degummed and bleached (Table 2). R = red, Y = yellow. 

bl-in = 2.54 cm; crude oils were too dark to use 5 1/4-in (13.3 cm) 
tubes. 

atch solvent extraction of multiple-pass extruded collets. 
ntinuous direct solvent extraction of single-pass extruded collets. 

s i m i l a r  in q u a n t i t y  a n d  in va r i ab i l i ty ,  in  c o n t r a s t  to  t h e  
d e g u m m i n g  d a t a  where  d i f fe rences  b e t w e e n  t y p e s  of  oils  
were  m o r e  a p p a r e n t .  A s  shown  in  Table 1, overa l l  re- 
cover ies  were s i g n i f i c a n t l y  b e t t e r  (81 vs. 72%) for  t h e  
re f ined  e x t r u s i o n  p r o c e s s e d  oi ls  t h a n  for t h e  p repress -  
s o l v e n t  p roces sed  oils. S ince  more  t h a n  40 d e g u m m i n g  
a n d  40 b l e a c h i n g  r u n s  were ca r r i ed  o u t  on each  t y p e  of 
oil, a s ign i f i can t  p o r t i o n  of t h e  oil losses  were mechan ica l .  
Genera l ly ,  we o b s e r v e d  t h a t  s o l v e n t - e x t r a c t e d  oi ls  were 
m o r e  d i f f icu l t  to  ref ine t h a n  p re s s  oils, a n d  so lvent -  
e x t r a c t e d  oils  f rom press  cake  were more  di f f icul t  to  refine 
t h a n  s o l v e n t - e x t r a c t e d  oils  f rom f lakes  a n d  col lets .  

Table  3 c o m p a r e s  A O C S  colors  of  c r u d e  a n d  re f ined  les- 
quere l la  otis m e a s u r e d  w i th  t he  T i n t o m e t e r  and  L o v i b o n d  
Co lou r scan  i n s t r u m e n t s .  The  c rude  oi ls  were too  d a r k  to  
m e a s u r e  a t  an  oil  d e p t h  >l - in .  Ref ined  oi ls  cou ld  be  
m e a s u r e d  a t  t h e  p re fe r r ed  5 1/4-in dep th .  The  T i n t o m e t e r  
(v i sua l  co lor  m a t c h i n g )  gave  e s s e n t i a l l y  no  d i f ferences  in 
co lo r  b e t w e e n  t h e  severa l  c r u d e  o r  b e t w e e n  t h e  severa l  
r e f ined  oils. The  Co lou r scan  i n s t r u m e n t  (e lect ronic  color  
m e as u remen t ) ,  however,  r eco rded  g r e a t e r  r ed  va lue s  for 
c rude  oil 7 and  ref ined oil 5 c o m p a r e d  to  t he  rest .  We no ted  
t h a t  l esquere l la  oil s lowly  c rys t a l l i z ed  when  s to r ed  a t  I ° C  
for e x t e n d e d  t ime  per iods .  W h e n  w a r m e d  to room t e m p e ~  
a t u m  the  oils some t imes  re t a ined  a s l igh t  turb id i ty ,  which  
p o s s i b l y  was  c a u s e d  b y  w a x e s  or  o t h e r  c r y s t a l l i n e  ma te r -  
i a l s  t h a t  d i s so lved  or  m e l t e d  when  t h e  oil  was  w a r m e d  to  
50-60°C.  Colors  in Table  3 were r e a d  on  oi ls  t h a t  h a d  n o t  
been  w a r m e d  above  r o o m  t e m p e r a t u r e .  To t e s t  t h e  Col- 
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FIG. 1. Yellow color mean and SD of heated (55°C) and unheated 
(22°C) refined oils. UHI -- unheated lesquerella oil, one sample read 
five times, instrument replication test; UHM -- unheated lesquerella 
oil, mean of two sets of five replicates each read once; H -- heated 
lesquerella oil, mean of five replicates; RTH = H samples, read at 
room temperature 72 h after heating; MUH -- unheated Mazola oil, 
mean of five replicates; MH ---- heated Mazola oil, mean of five 
replicates. 
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FIG. 2. Red color mean and SD of heated (55°C) and unheated (22°C) 
refined oils. See Figure 1 for sample and treatment identification. 

our scan ' s  r e p roduc ib i l i t y  w i t h  our  l esquere l la  oils  and  the  
effect  of oil  t e m p e r a t u r e  on color, t h e  fo l lowing ex- 
p e r i m e n t s  were conduc t ed :  The  s a m e  a l i quo t  of  a re f ined  
l e sque re l l a  oil  was  r ead  five t i m e s  a t  r o o m  t e m p e r a t u r e  
{ i n s t r u m e n t  rep l i ca t ion ,  u n h e a t e d ,  U H I ) ;  f ive a l i quo t s  of 
t h i s  u n h e a t e d  oil were r e a d  once  each,  a s e c o n d  se t  of f ive 
a l i q u o t s  of  t h i s  u n h e a t e d  oil  were  r e a d  once, a n d  t h e  com- 
b ined  d a t a  m e a n  was  c o m p u t e d  (unheated,  UHM);  five ali- 
q u o t s  of  t h i s  oil  were each  h e a t e d  to  55°C a n d  each  was  
r e a d  once  {heated rep l ica tes ,  H); t h e  h e a t e d  r ep l i ca t e s  
s t o o d  a t  r o o m  t e m p e r a t u r e  for  72 h a n d  were t h e n  r e a d  
a g a i n  a t  r o o m  t e m p e r a t u r e  (hea t ed / room t e m p e r a t u r e ,  
RTH); f ive a l iquo ts  of a commerc ia l  food oil (Mazola} were 
r e a d  a t  b o t h  room t e m p e r a t u r e  (Mazola  unhea t ed ,  M U H )  
a n d  a t  55°C (Mazola  hea ted ,  MH).  F i g u r e s  1-3 show t h e  
r e su l t s  of  t h e s e  e x p e r i m e n t s .  F i g u r e  1 shows t h a t  s a m p l e  
a n d  i n s t r u m e n t  r e p l i c a t i o n  as  wel l  a s  t e m p e r a t u r e  h a d  
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FIG. 3. Blue color mean and SO of heated (55°0) and unheated (22°C) 
refined oils. See Figure 1 for sample and treatment identification. 

TABLE 4 

Chemical Analys i s  of Crude and Refined Lesquerella Oils a 

FFA P IV PV Unsap Hydroxyl 
Oil type (%) (ppm) (cg/g) (meq/kg) (%) (mg/g} 
Crude oil 5 b 1.3 8.3 111 3.6 1.7 100 
Refined oil 5 b 1.4 0.6 112 10.9 1.6 99 
Crude oil 6 c 1.2 18.0 111 3.4 1.7 98 
Refined oil 6 c 1.2 0.9 112 3.0 1.5 100 
Crude oil 7 c 1.3 85.0 110 2.3 1.6 101 
Refined oil 7 c 1.3 1.1 112 1.8 1.6 101 

aFlaked seed extruded and then direct solvent extracted. Refined 
oils were degummed and bleached (Table 2}. Abbreviations: FFA, 
free fatty acids; P, phosphorus; IV, iodine value; PV, peroxide 
value; Unsap, unsaponifiable. 

bBatch direct solvent extraction of multiple-pass extruded collets. 
CContinuous direct solvent extraction of single-pass extruded collets. 

only small  effects on yellow color in bo th  lesquerella and 
Mazola oils. The figure also i l lustrates the much  greater  
(3.5-fold) color in tensi ty  of our degummed  and bleached 
lesquerella oil compared to the familiar consumer product. 

Figure 2 shows tha t  the red color in lesquerella oil was 
sl ightly more sensit ive than  the yellow color to replica- 
t ion and ins t rument  errors (cf. UHI ,  UHM), but  was par- 
t icularly sensit ive to t empera tu re - - the  red intensi ty  
decreased at  the higher tempera ture  (H vs. UHM). I f  the 
sl ight tu rb id i ty  in lesquerella oil, af ter  warming  to room 
tempera ture  from refrigeration, was due to microcrystals, 
then these should have melted when the oil was heated 
to 55 °C. This phenomenon may be responsible for the 9% 
decrease in red color in tens i ty  at  55°C. On this basis, no 
change in red color (H vs. RTH) was expected after  the 
oil had s tood at  room tempera ture  for 72 h, because the 
oil remained clear and br ight  (no recrystallization). The 
red color associated with the clear, l ight yellow Mazola 
oil (ca. 1/8 the red intensi ty of lesquerella) should not  have 
been affected by temperature,  as was observed (MUH vs. 
MH). 

Figure 3 shows t h a t  the small blue color component  of 
lesquerella oil was also sensitive to sampl ing  and instru- 
ment  errors and to t empera tu re  The H lesquerella oil had 

only about  1/4 the blue in tensi ty  of the U H M  room 
tempera ture  oil, and this small  component  was not  
detected af ter  72 h in RTH. The M U H  and M H  oil had 
no blue color component .  

Table 4 shows analyses obtained on crude and refined 
lesquerella oils prepared by extrusion-solvent  extract ion 
processes. As expected, mos t  of these analyses were not  
affected by  degumming  and bleaching steps, so FFA con- 
tents, IV and hydroxyl values and levels of unsaponifiable 
mater ial  were similar for crude and refined oils. These 
values are also independent of the mode of solvent extrac- 
tion (batch or continuous}. PVs depend more on oil abuse 
(thermal and oxidative} during recovery, storage and later 
refining and were more variable. P contents  are especial- 
ly sensit ive to processing conditions, such as mode of ex- 
t ract ion,  seed p repara t ion  and cooking. Degumm-  
ing/bleaching effectively reduced P levels to 1 p p m  or less 
in the refined lesquerella oils. 

In  general, we believe t ha t  colors of the refined les- 
querella oils produced in this work are sa t i s fac tory  for 
many  uses of the oil or its derivatives. However, there will 
be other uses where l ighter  color will be important ,  and 
more effective bleaching processes will be necessary. 
Reducing the red component  would be a useful goal. In  
a prel iminary alkali refining experiment,  we obtained 
abundant  and difficult emulsions. However, the alkali- 
refined oil had less color (Gardner 10) than  the crude oil 
{Gardner 14), and showed significant improvement in final 
bleached color {Gardner 7 wi th  2.5% Nevergreen; Gard- 
ner 6 wi th  5% Nevergreen). A combined alkali refin- 
ing/degumming step will probably work well with low-FFA 
crude oils. Therefore, fur ther  alkali refining experiments  
are warranted,  especially where low FFA levels are also 
desired in the refined oil. As more uses are explored and 
products  are developed, the importance of oil color in 
specific applicat ions will likely become more apparent.  
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