
An Analysis Scheme for Estimation of Crude Oil Quality 
J.M. $nyder*, T.L. Mounts and R.K. Holloway ~ 
U.S. Department of Agriculture, Agricultural Research Sewice, National Center for Agricultural Utilization Research, 
1815 N. University Street, Peoria, IL6t604 

285 

A seed  analysis  s c h e m e  was  des igned to rapidly esti- 
mate the  quality o f  extracted  oil. Factors  o f  crude oil  
quality evaluated were: free fatty acids, oxidat ive  
status  (Totox  value) ,  color, and phosphat ides  (soy- 
bean)  or wax  ( sunf lower) .  Soybean and sunf lower  
s e e d s  subjected  to e x t e n d e d  storage at varying mois- 
ture contents  were sampled  at incremental  t ime peri- 
ods  to yield f i fty s torage-damaged samples  o f  each 
oi lseed.  Oil was  extracted from 50-g lots  o f  each 
sample  and analyzed for the  crude oil  qua l i t y  factors  
according to standard methods .  Alternative instru- 
mental  and chemical  analyses  o f  the quality factors  
were  correlated with the  standard methods .  Hexanal  
content,  measured  by headspace-gas  chromatographic  
analysis  o f  the ground full-fat meal ,  wa s  correlated to 
the oxidat ive  status.  Crude oils recovered by rapid 
extraction,  us ing sonication,  and desolventat ion  were  
monitored by spectrophotometry  for color correlation. 
Free fatty acid content  was  determined by titration 
methods  and monitored by spectrophotometry .  Modi- 
f i ed  turbidimetric  methods  es t imated  the phospha- 
t ides  ( s o y b e a n )  or wax  ( sunf lower  s e e d )  contents .  
The analysis  s cheme  provides  for the rapid es t imat ion 
of  oil  quality as impacted by various pre- and post- 
harvest  events  that cause  deterioration o f  o i l seeds .  

KEYWORDS: Color, damage, free fatty acid, oxidation, phos- 
pholipids, phosphatides, soybean oil, spectroscopy, sunflow- 
er, sunflower oil. 

Soybeans and sunflower seeds are marke ted  on the basis 
of United States  Depar tmen t  of Agricul ture  (USDA) 
Grading S tanda rds  (1) which assess the  physical  charac-  
terist ics of the seeds, i.e., test  weight, damaged  seed, 
foreign mater ia l  and  split content.  Grade factors can 
create  incentives for improved quality, and given compa  
rable world marke t  prices, can be used as a competi t ive 
tool in increasing marke t  share  of world t rade.  These 
s t anda rds  affect the long te rm future of the indus t ry  and 
they play an impor tan t  role in marke t  efficiency, im- 
proved quali ty and compet i t ion among sellers. While the 
purpose  of s t a n d a r d s  is to define uniform and accepted  
descriptive te rms to facil i tate t rade,  they should also 
provide tools for the marke t  to create  incentives to im- 
prove the overall  quali ty of an oilseed. S t anda rds  should 
also provide information for the end user  to help deter-  
mine end p roduc t  yield and quality. The quant i ty  and 
quali ty of oil at  the t ime of grading have economic 
significance in determining the value of the oilseed. The 
soybean grading system present ly  contains  grade  factors, 
such as seed damage from heat,  insect, weather ,  etc., t ha t  
may or may  not be relevant  to the  quant i ty  of oil in the  
seed and further,  may or may not be relevant  to oil 
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quality. A review of the l i te ra ture  (2-24) indicates  tha t  
the  following factors  are of cri t ical  impor tance  to proces-  
sors in ascer ta ining the quali ty of c rude  oils: free fa t ty  
acids, oxidat ive status,  color, phospha t ides  (soybean)  
and wax content  (sunflower).  An oilseeds grading system 
to assess the quali ty of oil for end use purposes  would 
require rap id  and efficient p rocedures  to measure  oil 
quali ty factors. 

Present  near - inf ra red  (NIR) technology is capable  of 
rapidly  measur ing  the quant i ty  of oil in an oilseed (25), 
but no system is available to rap id ly  measure  the factors 
affecting oil quali ty in addi t ion to quantity.  We repor t  
here an improved analysis scheme for the es t imat ion of 
c rude  oil quality. 

EXPERIMENTAL PROCEDURES 

Soybeans and sunflower seeds were s tored in a forced air 
oven at  ambient  t e m p e r a t u r e  at  specific mois ture  levels 
(13%, 16% and 20% for soybeans and 7%, 9%, 12% and 13% 
for sunflower seeds). Samples (200 g) were removed 
per iodical ly  over ex tended  times; soybeans were dehul led 
and flaked and ex t r ac t ed  with hexane  (Soxhlet  ext rac-  
tor); while sunflower seeds were ground wi thout  dehul- 
ling and ex t r ac t ed  with hexane  in a Soxhlet  ext rac tor .  
Fifty s to rage-damaged  soybean samples  and 50 s torage 
damaged  sunflower seed samples  were analyzed by t radi-  
t ional  methods  and by methods  of a p roposed  analysis 
scheme to p roduce  a learning set of samples.  Oil quali ty 
factors  were evaluated by t rad i t iona l  methods  as follows: 
free fa t ty  acid conten t  (FFA) by AOCS Method Ca 5a-40; 
oxidat ive s ta tus  measur ing to ta l  oxidat ion  (Totox) as 
peroxide  value (PV) by AOCS Method Cd 8-53 and as 
anisidine value (AV) by the me thod  of List et at. (26); wax  
content  in sunflowers by Morrison and Robertson (11); 
phospha t ide  content  in soybeans byAOCS Method Ca 12- 
55; color in soybeans byAOCS Method Cc 13c-50 (27) and 
in sunflower seeds by Ostric-Matijasevic et al. (17). 

The proposed  scheme of analysis uses measuremen t  of 
volatiles for oxidat ive status,  spec t romet r ic  absorbances  
for FFA and oil color, and turbidimetr ic  measurement s  
for phospha t ides  and wax content .  

Analysis of volati les was pe r fo rmed  in a Perkin Elmer 
Sigma 2000 gas ch roma tog raph  (GC) (Perkin-Elmer 
Corp., Norwalk, CT) equipped with a HS-100 au tomat ic  
headspaee  sampling accessory (28). Ground meal from 
the whole soybean or sunflower seed (0.5 g) was weighed 
into a 20-mL vial and  sealed with a Teflon-coated septum; 
the vial was then placed in the au tomat ic  sampler.  Each 
sample  was hea ted  at  90~ for 30 rain; sampling of the 
headspace  volatiles was made  by pneumat ic  helium 
injection, and  the volatiles were eluted onto a DB-1701 
capi l lary  column (14% cyanopropylphenyl) ,  which was 30 
m X 0.32 mm with 1-micron film thickness (J&W Scientif- 
ic Co., Anaheim, CA). The injection was made  in the 
split less mode with a helium velocity of 28 era /see  at  
100~ The GC oven was held at  50~ for 5 rain, then 
t e m p e r a t u r e  p r og r a m m e d  to 250~ at  5~ Dupli- 
cates  were run for each sample. Quant i ta t ion ofvolat i les  
was accompl ished by adding hexana l  in hexadecane  
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( a p p r o x .  30 m g / m L )  to 0.5 g silicic ac id  in i n c r e m e n t s  of  
5 #L up  to  50 #L. Peak  a r e a  of  h e x a n a l  f rom h e a d s p a c e -  
gas  c h r o m a t o g r a p h i c  (HS-GC) d a t a  was  c o r r e l a t e d  to  t he  
p p m  of  hexana l .  

An a b o s o r b a n c e  m e t h o d  has  been  d e v e l o p e d  for  p re -  
d ic t ion  of  t h e  F F A  c o n t e n t  in c r u d e  oil. C r u d e  oil (0.5 g) 
was  we ighed  into a 10-mL vo lume t r i c  flask; 1.0 mL of  
i n d i c a t o r  so lu t ion  (0.1 g b r o m o c r e s o l  green  in 200 mL of  
95% e t h a n o l  wi th  t he  pH a d j u s t e d  to  7.5 by  m e a n s  of  0.01 
N s o d i u m  h y d r o x i d e )  was  added ;  1.0 mL 1-oc tano l  was  
m e a s u r e d  into  the  vo lume t r i c  flask, wh ich  w a s  fi l led to  
t he  vo lume  l ine wi th  s p e c t r o g r a d e  h e x a n e  a n d  m i x e d  for  
10 sec in a v o r t e x  m i x e r  (Genie  Scientif ic Indus t r i e s ,  Inc., 
Bohemia ,  NY). A b s o r b a n c e  m e a s u r e m e n t s  we re  o b t a i n e d  
a t  622 n m  wi th  a Bausch  a n d  Lomb Spec t ron i c  2000 
S p e c t r o p h o t o m e t e r  (Bausch  a n d  Lomb Company ,  Roch-  
es ter ,  NY). 

P h o s p h o r u s  in c r u d e  soybean  oil was  d e t e r m i n e d  
r a p i d l y  in a Hach  Rat io  Turb id i t r i c  Meter  (Hach  Model  
18900 Rat io  Turb id ime te r ,  Hach  Chemica l  Co., Loveland,  
CO), w h i c h  m e a s u r e s  t he  l ight  s c a t t e r e d  by  the  fine 
p h o s p h o l i p i d  p r e c i p i t a t e  (29).  C r u d e  soybean  oil (0.33 g) 
was  we ighed  into  a 50-mL vo lume t r i c  f lask  a n d  a c e tone  
was  added ;  t he  f lask was  s t o p p e r e d  a n d  shaken .  The 
m i x t u r e  was  p o u r e d  into  t h e  s a m p l e  cell, c a p p e d ,  s h a k e n  
a n d  p l a c e d  in t he  i n s t r u m e n t .  Af t e r  s t ab i l i za t ion  of  30 sec, 
t he  r e a d i n g  was  t aken .  

W a x  c o n t e n t  in sunf lower  oil was  d e t e r m i n e d  in t he  
Hach  Turb id i t y  i n s t r u m e n t  (30); 1.5 g of  c r u d e  sunf lower  
oil was  we ighed  in to  a 25-mL v o l u m e t r i c  f lask  a n d  fi l led 
wi th  t e s t  so lven t  (12.5% d e w a x e d  sun f lower  oil by  vol  in 
ace tone) .  The  m i x t u r e  was  p o u r e d  in t he  cell  v ia l  a n d  well  
shaken;  t he  vial  was  p l a c e d  in t he  i n s t r u m e n t  a n d  the  
r e a d i n g  was  m a d e  w h e n  it s tabi l ized.  Samp le s  we re  r u n  in 
t r ip l ica te .  S t a n d a r d  m i x t u r e s  of  w a x  in sunf lower  o i l w e r e  
c o r r e l a t e d  (r2=0.98) to t u r b i d i t y  readings .  

The s p e c t r o m e t r i c  m e t h o d  for  t he  d e t e r m i n a t i o n  of  oil 
co lor  is an  AOCS official  m e t h o d  (Cc 13c-50) .  S p e c t r a l  
a b s o r p t i o n  m e a s u r e m e n t s  m a d e  a t  four  wave leng ths  a r e  
c o m b i n e d  in a m a t h e m a t i c a l  e x p r e s s i o n  to  yie ld  an  i n d e x  
t h a t  c o r r e l a t e s  wi th  Wesson  co lor  values .  The p r o c e d u r e  
was  mod i f i ed  for c r u d e  soybean  oil by a d d i n g  33% c r u d e  
oil ( w t / v o l )  to  h e x a n e  a n d  ad ju s t i ng  t h e  m e a s u r e m e n t s  
by  0.33. The  smal l  s a m p l e  size used  in th is  s t u d y  was  an  
insuff ic ient  a m o u n t  for  co lor  m e a s u r e m e n t  wi th  a com-  
m e r c i a l  Lov ibond  i n s t r u m e n t .  F o r  s u n f l o w e r  oil, eva lua-  
t ions  were  m a d e  a t  a single wave length ,  455 n m  for 
c a r o t e n o i d  p i g m e n t  (16). 

An ana lys i s  s cheme  was  dev i sed  to quickly  e s t i m a t e  t he  
qua l i ty  of  t h e  oi lseeds.  F i f ty  g r a m s  of  o i lseeds  were  g r o u n d  
wi th  a sma l l  Varco e lec t r ic  d r y  food g r i nde r  (Varco,  Inc., 
Belleville, IL); 100 mL h e x a n e  was  a d d e d  to  44 g of  t he  
mea l  a n d  t h e  m i x t u r e  w a s  s o n i c a t e d  for  5 min  (Cole 
P a r m e r  I n s t r u m e n t  Co., Chicago,  IL). Af te r  e x t r a c t i o n ,  
the  misce l l a  was  f i l t e red  t h r o u g h  a B u c h n e r  funne l  a n d  
deso lven t i zed  by  ro to -vap .  The c r u d e  oil was  e v a l u a t e d  by  
the  d e s c r i b e d  t i t r a t i o n  m e t h o d  for  F F A  c o n t e n t  a n d  by  
t u r b i d i t y  for  p h o s p h o r u s  in soybean  oil a n d  w a x e s  in 
sunf lower ;  co lo r  was  d e t e r m i n e d  on the  c r u d e  oil by  t h e  
s p e c t r o m e t r i c  m e t h o d s .  One g r a m  of  t he  m e a l  was  u sed  
for  vo la t i l e  ana lys i s  by  h e a d s p a c e - G C  to m e a s u r e  ox ida -  
t ion  a n d  5 g was  r e s e r v e d  for  NIR ana lyses  to  d e t e r m i n e  
oil a n d  p r o t e i n  c o n t e n t  (25).  The p r o p o s e d  ana lys i s  
s cheme  was  t hen  a p p l i e d  to  t he  eva lua t i on  of  soybean  
a n d  sun f lower  seed  s a m p l e s  co l lec ted  f rom va r ious  

sou rces  du r ing  t h e  1985 a n d  1986 c rop  years .  One 
h u n d r e d  s a m p l e s  each  of  soybeans  a n d  sunf lower  seed  
w e r e  r a n d o m l y  d iv ided  so t h a t  eve ry  t e n t h  s a m p l e  was  
d iv ided  into  five p o r t i o n s  for r e p l i c a t e  analysis .  Es t ima-  
t ions  of  oil qua l i ty  f a c to r s  were  o b t a i n e d  f rom de r ived  
c o r r e l a t i o n  equa t ions .  

RESULTS AND DISCUSSION 

Sa mple s  f rom the  l ea rn ing  set  of  s o y b e a n s  a n d  sunf lower  
s eeds  were  analyzed;  resu l t s  f r om t h e  t r a d i t i o n a l  me th -  
ods  were  c o r r e l a t e d  wi th  t hose  o b t a i n e d  f rom the  p ro-  
p o s e d  quick  m e t h o d s  and  r eg res s ion  equa t i ons  were  
der ived .  

Severa l  i nd iv idua l  vola t i le  c o m p o u n d s  g e n e r a t e d  by  
o x i d a t i o n  a n d  t o t a l  vola t i le  c o n c e n t r a t i o n  of  the  g r o u n d  
oi lseeds  we re  e v a l u a t e d  and  c o r r e l a t e d  wi th  PV, AV, a n d  
Totox.  In  p rev ious  work ,  h e x a n a l  was  shown  to be one  of  
t h e  p r i m a r y  vola t i les  f o r m e d  in ox id i zed  soybean  and  
sunf lower  oils (28).  The  bes t  e q u a t i o n s  in t he  c u r r e n t  
w o r k  were  o b t a i n e d  w h e n  h e x a n a l  c o n c e n t r a t i o n  ( p p m )  
d e t e r m i n e d  by  vo la t i l e  h e a d s p a c e  ana lys i s  of  t he  mea l  
w a s  c o r r e l a t e d  wi th  Totox. Regress ion  equa t ions  are: 
Totox  = 1.1 + 0.21 X h e x a n a l ( p p m )  for  soybeans  [s tan-  
d a r d  dev ia t ion  (SD) = 1.2; r e = 0.94] (Fig. 1) a n d  Totox = 
1.6 + 0.85 X h e x a n a l  ( p p m )  for  sunf lower  seeds  [SD = 1.3; 
r 2 = 0.72] (Fig. 2). High-qual i ty  c r u d e  soybe a n  oils will 
gene ra l ly  have  a Totox  va lue  of  less t h a n  3; for  c r u d e  
sun f lower  oil, t he  va lue  is gene ra l ly  less t h a n  5. Use of  the  
h e a d s p a c e  vola t i le-GC analys is  to  m e a s u r e  h e x a n a l  con- 
t e n t  on g r o u n d  m e a l  gives a good  p r e d i c t i o n  of  the  
ox ida t i ve  s t a t u s  of  t he  e x t r a c t e d  c r u d e  oil. 

A b s o r b a n c e  ( a b s )  was  c o r r e l a t e d  wi th  t i t r a t a b l e  F F A  
as shown  in F igure  3 (soybean,  r e = 0.86) a n d  F igure  4 
(sunf lower ,  r 2 = 0.89). F ree  f a t t y  ac id  c o n t e n t  was  
d e t e r m i n e d  wi th  c o r r e l a t i o n  equa t ions :  F F A  = 2.27-1.51 
X abs  for  s o y b e a n s  (SD = 0.19) a n d  F F A  = 2.39-1.75 X abs  
for  sun f lower  seeds  (SD = 0.16). This t e c h n i q u e  is app l i ca -  
ble wi th  oils hav ing  F F A  c o n t e n t s  up  to 2.0%, well  above  
the  a c c e p t a b l e  l imit  for qua l i t y  c r u d e  oils. Oilseeds 
y ie ld ing  oils wi th  h ighe r  FFA w o u l d  m o s t  l ikely fail  o t h e r  
qua l i ty  eva lua t i ons  as  well. 

P h o s p h o r u s  c o n t e n t  is m e a s u r e d  by  tu rb id i ty ,  de te r -  
m i n e d  as  n e p h e l o m e t r i c  t u r b i d i t y  uni t s  (NTU) a n d  is 
c a l c u l a t e d  d i r ec t l y  f rom the  equa t ion ,  P = 316.4 + 5.89 
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FIG.  1. E s t i m a t i o n  o f  s o y b e a n  T o t o x  b y  h e a d s p a c e - g a s  c h r o m a -  
t o g r a p h y  d e r i v e d  f r o m  t h e  l e a r n i n g  s a m p l e s .  Y = 1.1 + 0 .21  X; r 2 = 
0 .94.  
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FIG. 2. Estimation of sunflower Totox by headspace-gas chro- 
matography derived from the learning samples. Y = 1.6 + 0.85 X; 
r 2 = 0.72. 
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FIG. 5. Relationship of phosphorus determinations on oil 
extracted from flaked beans (AOCS method) vs oil extracted 
ultrasonically from ground beans (turbidimetric method). 
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FIG. 3. Correlation titratable FFA vs ahsorbance at 622 nm 
derived from the learning samples -- soybean. u = 2.27 1.51 X; 
r 2 = 0.86. 
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FIG. 4. Correlation titratable FFA vs absorbance at 622 nm 
derived from the learning samples -- sunflower. Y = 2.39 + 1.75 X; 
r 2 = 0.89. 

X NTU, which  was  r e p o r t e d  by S in ram (29). A phospho -  
rus  c o n t e n t  of  less t h a n  400 p p m  is ind ica t ive  of  p o o r  oil 
qual i ty  (31). Crude  oil e x t r a c t e d  f rom g r o u n d  soybeans  
was lower  in p h o s p h o r u s  conten t ,  as d e t e r m i n e d  by 
turbidi ty,  t h a n  oil e x t r a c t e d  f rom flakes. As r epor t ed ,  

pa r t i c le  size of  soybeans  m a y  affect  the  a m o u n t  of  
phospho l ip id s  in the  e x t r a c t e d  oil (32). Therefore ,  t u rb i  
d ime t r i c  p h o s p h o r u s  c o n t e n t  in the  oil e x t r a c t e d  f rom 
the  g r o u n d  beans  by the  u l t rason ic  m e t h o d  was  r e l a t ed  
wi th  AOCS p h o s p h o r u s  c o n t e n t  in oil ob t a ined  by Soxhle t  
e x t r a c t i o n  of  flakes f rom the  same  beans  (Fig. 5). 

Wax c o n t e n t  of  sunf lower  oil was  closely r e l a t ed  to 
tu rb id i ty  readings.  Wax c o n t e n t  in a sunf lower  oil s ample  
was  p r e d i c t e d  by l inear  regression;  w a x  = 40.1 + 39.2 X 
NTU; s t a n d a r d  dev ia t ion  - 1.9; r~ - 0.999 as r e p o r t e d  by 
Moul ton (30). 

The co r r e l a t i on  of  p h o t o m e t r i c  color  to Wesson red 
color  has  been  r e p o r t e d  (33). Good qual i ty  c r u d e  soybean 
oils will have  a red  color' of  10 or  less. De te r io ra t ion  of  
sunf lower  seed  is m a r k e d  by an inc rease  in the  pe rcen t -  
age t r a n s m i t t a n c e  due  to de s t ruc t i on  of  the  c a r o t e n o i d s  
in the  oil. 

Soybean and  sunf lower  seed samples  were  co l lec ted  
f rom var ious  sources  dur ing  the  1985 and  1986 c rop  
years  and  e v a l u a t e d  by the  quick analyses  techniques ;  
e s t ima t ions  of  oil qua l i ty  were  d e t e r m i n e d  f rom the  
der ived  co r r e l a t i on  equa t ions  t h a t  were  ob t a ined  f rom 
the  l ea rn ing  set  of  samples .  Reproduc ib i l i ty  of  the  soy- 
bean  resul t s  is shown  in Table 1. The average  s t a n d a r d  
dev ia t ion  is + / -0 .4  for Totox, + / - 2 7  for' p h o s p h o r u s  and  
+/ -1 .5  for Wesson red  color  m e a s u r e m e n t .  To d e t e r m i n e  
the  a c c u r a c y o f t h e  results ,  70 of  the  100 soybean  samples  
p rev ious ly  ana lyzed  by the  quick  e s t i m a t e d  m e t h o d s  were  
also checked  wi th  t he  t r ad i t i ona l  ana ly t ica l  me thods .  
Two var iab le  d a t a  analysis  was  m a d e  on the  values  
ob ta ined  by " t rad i t ional"  and  "quick" me thods .  

The Totox va lues  e s t i m a t e d  f rom h e x a n a l  c o n c e n t r a -  
t ion ( m e a n  = 4.4, SD = 5.1) were  no t  cons i s t en t ly  (as 
d e t e r m i n e d  by analysis  of  var iance ,  p~ .05)  d i f ferent  f rom 
the  "lbtox va lues  f rom the  ana ly t ica l  m e t h o d  ( m e a n  = 3.9, 
SD = 6.9); t he  va lues  f rom the  two  m e t h o d s  were  
co r r e l a t ed  (r  = 0.83). The p h o s p h o r u s  va lues  e s t i m a t e d  
f rom NTU uni ts  ( m e a n  = 817, SD = 122) w e r e  not  
s ignif icant ly  d i f fe ren t  f rom the  analyt ica l  p h o s p h o r u s  
va lues  ( m e a n  = 839, SD - 148); co r r e l a t i on  coeff ic ient  
f rom the  two  m e t h o d s  was  0.61. 

The quick  analysis  s c h e m e  for  sun f lower  seeds  was  
a lmos t  t he  s a m e  as for  soybeans  e x c e p t  n e p h e l o m e t r y  
was  used  for d e t e r m i n i n g  w a x e s  and  color  was m e a s u r e d  
by one  w ave l eng th  at  455 rim. Reproduc ib i l i ty  of  t he  
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TABLE 1 

Reproducibi l i ty  of  Soybean Resu l t s -  

Totox Phosphorus Color 
(mg/meq) (ppm) (Wesson red) 

1.2 (0.1) ~ 797 (25) 8 (1.0) 
1.7 (0.3) 756 (13) 8 (1.5) 
1.7 (0.2) 806 (13) 8 (2.1) 
2.6 (0.2) 910 (21) 8 (1.0) 
2.2 (0.2) 896 (31) 6 (0.8) 
7.1 (1.5) 731 (27) 7 (1.1) 
1.7 (0.1) 885 (28) 8 (1.8) 
2.6 (0.3) 922 (39) 9 (2.7) 

J.M. SNYDER ETAL.  

p h o s p h a t i d e s  ar is ing f rom d a m a g e  to  soybeans.  Wax 
c o n t e n t  of  c r u d e  sunf lower  oil can  be m e a s u r e d  by a 
modi f ied  n e p h e l o m e t r i c  method .  High levels of  w a x  a re  
r e l a t ed  to  i m m a t u r e  sunf lowers  a n d  ind ica t e  lower  qual-  
i ty seed. Free  fa t ty  acid  c o n t e n t  can  be m o n i t o r e d  by 
abso rp t ion  me thods .  
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