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The defatted meal of Vernonia galamensis is rich in 
crude protein (43.76 _+ 0.17%) with methionine as the 
first  limiting amino acid and lysine the second when 
calculated based on the FAO Provisional Scoring Pat- 
tern. The carbohydrate fraction (6.57%) is rich in 
sucrose (2.36%), fructose (1.90%) and glucose 
(0.77%). Levels of the macrominerals, calcium (11.08 
mg/g) ,  potassium (14.18 m g / g )  and magnesium (6.90 
m g / g )  not only meet  nutritional requirements but are 
also higher than in contemporary oilseeds.  The level of  
phosphorus is high (644 mg/g ) ,  perhaps accounting 
for the fairly high phytate (25.42 • 0.06 m g / g )  content, 
although this value is sl ightly less than for American 
Association of  Cereal Chemists (AACC) standard 
wheat  bran (31.42 • 0.03 rag/g).  

Residual oil content of  defatted meal was found to 
be approximately 0.5%, but could be higher depending 
on the method of  extraction. Lipid analysis of the 
residual oils shows veruolic acid (76.06 • 1.80%) as 
the major component of the saponifiables (97.74 • 
0.20%). C18:2 (11.64 • 0.69%), C16:0 (2.22 • 0.12%), 
C18:0 (2.63 • 0.11%), C18:1 (6.58 • 0.19%), and C20:0 
(trace) were all identified. 

Sterols constitute the major (94.65 • 0.08%) com- 
ponent of the unsapouifiables (2.06 • 0.16%) with 
fl-sitosterol (32%) and AS-avenasterol (30%) being the 
major constituents.  Cholesterol was fairly low (4.6%). 
Phytochemical screening for other possible toxicants 
did not reveal significant levels of antinutritional com- 
ponents.  

In addition to the agronomic potential of Vernonia gala- 
mensis (1), several articles (2-7) have discussed the 
potential of V. galamensis seed oil as a rich source of 
epoxy acid for use in manufacturing plastic formulations, 
protective coatings and numerous other products. It has 
been suggested that  a natural  epoxy oil source such as V. 
galamensis could make a significant contribution toward 
supplying the 45-68 million kg of epoxy oils used annually 
in the United States (2). While most of the efforts have 
focused primarily on the direct application of the oil, V. 
galamensis oil recently has been shown by Ayorinde and 
his co-workers to be a good source of dibasic acids which 
are important  precursor acids used in many industrial 
applications (8,9). The high level of interest in the oil (38- 
42% of the seed) centers on its important  vernolic (c/s- 
12,13-epoxyoctadec-c/s-9-enoic) acid content  (72-80%). 

A by-product of the off extraction is the defatted meal 
which, if not adequately handled, could pose an environ- 
mental problem in the future. The present preliminary 
paper  reports the evaluation of defatted V. galamensis 
meal to identify its chemical properties as a preliminary 
step to its possible utilization in the animal feed industry. 
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MATERIALS AND METHODS 

The defatted meal was from the 1987 crop grown in 
Chirezi, Zimbabwe. The meal was ground to a fine powder 
and the residual oil extracted with chloroform-methanol 
as the solvent. The oil fraction was placed under a labora- 
tory hood to allow evaporation of the solvent and then 
was gravimetrically determined. The meal was also trans- 
ferred to the hood and allowed to dry for 24 hr for subse- 
quent chemical analysis. 

Meal analysis. The meal was analyzed for moisture, 
ash and crude protein by s tandard  methods recom- 
mended by AOAC (1980) (10). Carbohydrate was calcu- 
lated by difference based on the total seed composition. 

Mineral Analysis. The mineral content  (except phos- 
phorus)  was determined by the s tandard AOAC (1980) 
wet ashing method. Analysis and quantification of the 
minerals were performed with an Atomic Absorption 
Spectrophotometer  (Perkin-Elmer Model 5000) (11). 
Phosphorus was determined by the colorimetric method 
described by Allen (12), with some slight modification. 

Phytate and tannin analysis. The phytate  level was 
determined by the method described by Harland and 
Oberleas (13). Tannin was estimated qualitatively. 

Sugar analysis. Defatted meal (ca 10 g) was homoge- 
nized in hot 80% ethanol and refluxed for two hr. The 
homogenate was cooled, filtered and dried under a 
stream of nitrogen in a 70~ water bath. The filtrate was 
diluted to 5 ml with double distilled deionized water and 
analyzed by the gas chromatography method described 
by Iverson and Bueno (14). 

Preparation and analysis of protein hydrolyzates for 
amino acid determination. Protein hydrolyzates were 
prepared by the method described by Stein and Moore 
(15). The amino acid composition of the protein hydroIy- 
zates was analyzed with a Pico-Tag high-pressure liquid 
chromatograph (Waters Associates, Milford, MA) 
equipped with a reverse phase C 18 analytical column 
(15 X 0.4 i.d.) with the column temperature  set at 38~ 
The detector (Model 440 uv) was set at 254 nm. Mobile 
phase: Eluant A: 60 ml acetonitrile and 940 ml of 0.14M 
sodium acetate, pH of 6.40, containing 0.05% triethylam- 
ine; Eluant B: 60% acetonitrile and 40% water by volume. 
The Waters 840 Data and Chromatography Control Sta- 
tion was used for da ta  collection. 

Preparation and analysis of fatty acid methyl esters 
and sterol butyrates of residual oil. Fatty acid methyl 
esters and sterol butyrate derivatives were prepared as 
described by Sheppard et al. (16). In both cases, analyses 
were performed by gas chromatography:  Perkin-Elmer 
Sigma 3B, with 6 in • 4 mm i.d. pyrex column packed with 
1% SE-30 on 100/120 mesh Gas-Chro Q. (Applied Sciences 
Laboratory, State College, PA). Operating conditions for 
fatty acids: column temperature  programmed for 180~ 
for 30 rain, 3~ for 10 min, and subsequently main- 
rained at 210 ~ for 26 rain. Additional conditions existed: 
injector and detector temperatures--300~ hydrogen 
flow ra te- -20 ml/min, air flow ra te- -30 ml/min, and inlet 
pressure--18 psig. Operating conditions for sterol analy- 
sis were identical to the fatty acid analysis except that  the 
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co lumn  was set and  m a i n t a i n e d  at  250~ as opposed  to 
being varied.  Minor flow ra te  a d j u s t m e n t s  were necessa ry  
to e lute  cholesterol  in ca 15 min. Ident i f ica t ion  was  per- 
formed by compar ing  relative r e t en t ion  t imes (min )  of 
sample  with au then t i c  s t anda rds .  F u r t h e r  ident i f ica t ion 
was by e x a m i n a t i o n  of f r agmen ta t i on  p a t t e r n s  from 
gas c h r o m a t o g r a p h y - m a s s  spec t rome t ry  analysis  as 
described by Brumley  et al. (17). 

The me thod  descr ibed by Sheppa rd  et al. (16) was used 
to quan t i fy  the  fa t ty  acids. Quant i f ica t ion  of the  sterols  
was done  by p repa r ing  s t a n d a r d  curves  for each identi-  
fied peak. The process  involves inject ing (in dupl ica te )  
th ree  different  a m o u n t s  of the  working s t a n d a r d  into the  
GC. Average response  in a rea  is graphical ly  p lot ted  
agains t  the  a m o u n t  for each q u a n t i t y  of s t a n d a r d  
injected. Response  plot  of the  s t a n d a r d  m u s t  b racke t  the  
peak  a rea  of s terol  found  in the  samples.  The concen t r a -  
t ion  of u n k n o w n  is ca lcu la ted  f rom the  l inear  response  
plot. 

RESULTS AND DISCUSSION 

V. ga lamens i s  is an  oil (39%) and  pro te in  (44%) seed 
(Table 1). The low value  for c a rbohydra t e  ( lower t h a n  the  
nu t r i t i ona l  r equ i r emen t s  for a ba l anced  ra t ion )  would  
requi re  s u p p l e m e n t a t i o n  for the  meal  to be cons idered  
dietar i ly sat isfactory.  The free monosaccha r ides  in the  
meal  (Table 2) a m o u n t  to 6.6%, which is only  an  approx-  
ima t ion  because  m i n o r  c o n s t i t u e n t s  such as s a p o n i n s  
and  phosphol ip ids  may  also be in this  fraction.  The levels 
of the  minera l s  (Table 3) de tec ted  in defa t ted  V. galamen-  
s/s meal  are  high, a n d  in some cases, higher  t h a n  values  
for comparab le  oilseeds (18). With the  except ion  of the  
ca rbohydra t e  con ten t ,  the p rox ima te  and  mine ra l  pro- 
files of the meal  compa re  favorably  wi th  d a t a  publ i shed  
for seed meals  used in the an ima l  feed i ndus t ry  (19). 

TABLE 3 

M i n e r a l  C o n t e n t  o f  D e f a t t e d  V e r n o n i a  M e a l  a 

mg/g 

Calcium 11.08 • 
Potassium 14.18 • 0.35 
Magnesium 6.90 • 0.33 
Iron 0.20 • -- 
Copper Trace b 
Manganese 0.27 • -- 
Zinc Trace 
Sodium 0.36 • -- 
Phosphorus 644.04 • 0.21 

aMean value of 4 determinations • SD. 
~rrace = less than 0.10 mg/g. 

TABLE 4 

Fat ty  Acid  C o m p o s i t i o n  o f  R e s i d u a l  Oi l  f r o m  D e f a t t e d  V e r n o n i a  
M e a l  a 

C 12:0 Trace ~ 
C14:0 Trace 
C14:1 Trace 
C16:0 2:20 • 0.12 
C16:1 Trace 
C17:0 Trace 
C18:0 2.63 • 0.11 
C18:1 6.58 • 0.19 
C18:2 11.64 • 0.69 
C18:3 0.44 + -- 
C20:0 Trace 
C30H50 0.16 • -- 
Vernolic acid 82.51 • 0.70 

~Mean value of 4 determinations • SD. 
bTrace = less than 0.10%. 

TABLE 1 

D e f a t t e d  M e a l  A n a l y s i s  a 

Moisture 5.5 
Crude protein 43.4 b 
Carbohydrate 6.6r 
Ash 5.3 
Residual oil 0.8 d 

aMean value of duplicate determinations. 
bN • 6.25. 
r by difference. 
dWhat remained following 24 hr extraction of crude fat. 

TABLE 2 

S u g a r  C o n t e n t  o f  D e f a t t e d  V e r n o n i a  M e a l  a 

% 

Glucose 0.77 
Fructose 1.90 
Sucrose 2.36 

2 Unidentified peaks 1.57 

aReported as a percent of the meal (using the value 6.6%). 

Residual  oil left in the  meal  in te r fered  with the  sugar  
analysis.  Because  n o n e  of the ex t r ac t ion  processes  used 
to remove the  oil from the  seed will be 100% efficient, it is 
i m p o r t a n t  to charac ter ize  the res idual  oil with respect  to 
its nu t r i t ive  quality.  Lipid analysis  (Table 4) of the resid- 
ual  oil p r e sen t ed  the  same fat ty  acid proYfie as previously  
repor ted  values  (2). Vernolic acid r e m a i n e d  as the domi- 
n a n t  c o m p o n e n t .  The to ta l  c o n c e n t r a t i o n  of the  essent ia l  
f a t t y  acids (12%) is lower t h a n  wha t  v a n  Niekerk 
and  Burge r  (20) found  in edible oils like soybean  (60%) 
a nd  p e a n u t  (36%) oils. This would  suggest  the  need  for 
s u p p l e m e n t a t i o n  with an  external ,  more  nu t r i t i ous  oil 
source  to ba l ance  the  essent ia l  fa t ty  acids in the  meal. The 
sterols  are r epor ted  in Table 5. Cholesterol  a p p e a r e d  as a 
smal l  c ons t i t ue n t  (64 mg/100  g oil). B-sitosterol and  
a n o t h e r  s terol  t h a t  was identif ied as A5-avenasterol  (rel- 
ative r e t en t ion  t ime = 1.14, fl-sitosterol = 1) based  on the  
work of I toh et al. (21) occur red  as d o m i n a n t  sterols. 
However, in line with the  general  p a t t e r n  for phytosterols ,  
brass icas tero l  was no t  detected.  Cholesterol  may  not  con- 
s t i tu te  a nu t r i t i ona l  risk as the  high c o n c e n t r a t i o n  of fl- 
s i tosterol  (which can  func t ion  as its compet i t ive  inhibi- 
tor )  will r e n d e r  it chemical ly  a nd  func t iona l ly  iner t  (22). 
The level of res idual  oil var ies  cons iderab ly  depend ing  on 
the  ex t r ac t ion  t echn ique  employed to remove the  oil 
( u n p u b l i s h e d  results) .  This aspec t  of the ex t r ac t ion  proc- 
ess a n d  its impac t  on the  qual i ty  of the resul t ing  defa t ted  
meal  are being invest igated fur ther .  
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TABLE 5 

S t e r o l  C o m p o s i t i o n  o f  D e f a t t e d  V e r n o n i a  M e a l  a 

rag/100g oil % Total sterol 

Cholesterol 63.61 _+ 0.69 4.6 
Campesterol 223.02 _+ 3.11 16.0 
Stigmasterol 230.69 • 1.54 16.5 
fl-sitosterol 453.30 • 2.43 32.4 
AS-avenasterol 418.24 • 4.79 29.9 
&7-stigmastenol 7.20 • 0.42 0.5 

aMean value of 4 determinat ions _+ SD. 

TABLE 6 

Weight  P e r c e n t  A m i n o  A c i d s  in  P r o t e i n  f r o m  D e f a t t e d  V e r n o n i a  
M e a l  a 

Essential wt % Non essential wt % 

T h e  a m i n o  a c i d  p r o f i l e  o f  V. g a l a m e n s i s  d e f a t t e d  m e a l  
is s h o w n  in T a b l e  6. O n e  o f  t h e  n u t r i t i o n a l  a t t r i b u t e s  o f  t h e  
m e a l  is t h e  s u p e r i o r i t y  o f  i t s  e s s e n t i a l  a m i n o  a c i d  p r o f i l e  
( T a b l e  7)  o v e r  t h a t  o f  w h e a t  a n d  i t s  v e r y  c l o s e  s i m i l a r i t y  t o  
t h a t  o f  s o y b e a n  m e a l  (19) .  

P h y t a t e  ( 2 5 . 4 2  m g / g )  a n d  t h e  t a n n i n ,  w h i c h  w a s  es t i -  
m a t e d  q u a l i t a t i v e l y ,  a r e  p r e s e n t e d  in T a b l e  8. P h y t a t e  
v a l u e s  f o r  s o y b e a n  (6 .02  m g / g )  a n d  s a f f l o w e r  ( 4 7 . 7 0  m g /  
g)  a r e  p r e s e n t e d  fo r  c o m p a r i s o n .  T h e  h i g h  c o n c e n t r a t i o n  
o f  p h y t a t e  in  t h e  m e a l  m a y  s u g g e s t  t h a t  p h y t i c  a c i d  w o u l d  
o c c u r  a s  t h e  i n s o l u b l e  c a l c i u m  s a l t  in  t h e  m e a l ,  t h e r e b y  
l o w e r i n g  t h e  d i e t a r y  a v a i l a b i l i t y  o f  t h e  c a l c i u m .  T h i s  c a n  
b e  b a l a n c e d  w i t h  a c a l c i u m  s u p p l e m e n t .  A l t h o u g h  n o  
d i g e s t i b i l i t y  s t u d i e s  h a v e  b e e n  c a r r i e d  ou t ,  t h e s e  r e s u l t s  
n e v e r t h e l e s s  i n d i c a t e  t h e  p o t e n t i a l  n u t r i t i v e  q u a l i t i e s  o f  
t h e  m e a l .  F u r t h e r  w o r k  is in  p r o g r e s s  to  i n c l u d e  b i o a v a i l -  
a b i l i t y  o f  t h e  m i n e r a l s  in  n u t r i t i o n  as  we l l  a s  d i g e s t i b i l i t y  
s t u d i e s  o f  t h e  m e a l .  

Threonine 4.4 Aspartic acid 10.3 
Lysine 5.7 Serine 5.5 
Isoleucine 4.1 Glutamic acid 21.6 
Leucine 8.0 Glycine 7.6 
Phenylalanine 5.3 Alanine 4.6 
Tyrosine 3.6 Histidine 2.3 
Methionine 2.1 Arginine 8.6 
Valine 5.1 Cystine 1.4 

aMean value of 2 determinations.  

TABLE 7 

Weight  P e r c e n t  A m i n o  A c i d s  in  P r o t e i n  f r o m  D e f a t t e d  V e r n o n i a  
M e a l - - W h o l e  W h e a t  and  S o y b e a n  

Essential V. galamensis a Whole wheat  ~ Soybean h 

Threonine 4.4 3.0 3.9 
Lysine 5.7 3.0 6.5 
Trytophan - -  - -  1.3 
Isoleucine 4.1 3.4 4.6 
Leucine 8.0 6.9 7.9 
Phenylalanine 8.9 7.8 8.2 

+ tyrosine 
Methionine 3.5 4.2 2.6 

+ cystine 
Valine 5.1 4.6 4.9 
Histidine 2.3 2.4 2.6 

Chemical score r 76 64 49 
Limiting 
Amino acid d methionine lysine methionine 

aMean value of duplicate determinations.  
bRef. 19. 
~The ratio of the  essential amino acid content  in a sample protein in 
comparison to the recommended FAO-WHO level for tha t  amino 
acid expressed as a percentage. Lowest percentage is the chemical 
score when using the FAO Provisional Scoring Pat tern  (23). 

dEssential amino acid showing the lowest chemical score which 
represents  the most deficient essential amino acid in the  protein. 

TABLE 8 

A n t i n u t r i t i v e  C o m p o n e n t s  in  D e f a t t e d  V e r n o n i a  M e a l  a 

mg/g 

Phytate 25.42 +_ 0.06 
Tannins 
Polyphenois 

aMean value of 2 determinat ions _+ SD. 
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