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Materials of various provenience have been considered 
from the viewpoint of  their protein content:  1. raw grape- 
seed, hand-separated from pomace and air-dried at room 
temperature;  2. toasted grapeseed from distillery; 3. 
defatted and defibered grapeseed meal of  industrial pro- 
venience, for animal fee. 

Apart from analytical results on the composition of 
these materials, which help to improve the knowledge of 
the grapeseed as a raw material of food interest, there will 
be reported here, as they seem particularly significant, only 
the results of some tests on grapeseed nitrogen extract- 
ability. 

On a defatted and defibered meal (19.4% crude protein 
and 10.5% polyphenols) prepared from raw grapeseed, and 
comparatively on the same material partially derived of 
phenolics (21.9% crude protein and 3.8% polyphenols), the 
water extractability of nitrogen was examined at pH 2 
through 11, at room temperature and 5% (w/v) meal con- 
ccentration. 

Solubility curves showed that partial elimination of 
phenolics greatly improve the nitrogen solubility in the 
whole pH range from 2 to 9. 

In particular the nitrogen extractable at pH 7, which 
represented only 5.7% of total nitrogen in the original meal, 
was increased to 38.5% in consequence of the partial 
elimination of phenolics. 

At ptt 8 the extractable nitrogen rose from 15.7 to 
45.4% of total nitrogen. 

Extraction of proteic constituents from raw grapeseed 
meal requires a preliminary nlinimization of phenolics to 
improve the nitrogen solubility at pit values favorable to 
protein integrity. From the partially phenolics-freed meal, a 
protein isolate containing 87.5% crude protein and 2.5% 
polyphenols was prepared by extraction at pH 8 and iso- 
electric precipitation. For the raw grapeseed meal, this 
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polyphenol content  seems to be the phenolic fraction 
which is more strongly bound to proteic constituents of 
grapeseed. The nitrogen solubility as a function of pH 
was examined as well, under the same cofiditions, in 
samples of grapeseed meal of industrial provenience. For 
this material containing partially oxidized polyphenols, a 
partial elimination of phenolics did not improve the 
nitrogen solubility, which was nearly 28% at pH from 7 to 
9. Higher extractability values, but not above 50%, corres- 
ponded to pH levels between 10 and 1 i. 

From an industrial meal containing 25.9% crude protein 
and 7.4% polyphenols, a protein isolate containing 87.6% 
crude protein and 0.5% polyphenols was prepared by 
extraction at ptt  8 and isoelectric precipitation. The pro- 
tein-to-polyphenols ratio, equal to 3.5 in the original meal, 
increased to 175 in the isolate. 

Investigations arc in progress on toasted grapeseed from 
a distillery. This represents the intermediate step of a tech- 
nological chain from raw grapeseed to industrial meal. 

The nitrogen extractability of a toasted grapeseed meal, 
without a preliminary elimination of polyphenols, was of 
30-35% in the range of pll from 7 to 9 and reached 40% at 
p l l  11. 

These experimental results permit some preliminary con- 
siderations. 1. For raw grapeseed material rich in natural 
polyphenols, the partial elimination of these is necessary to 
extract protein with relatively good yield at convenient pll  
level. But raw grapeseed as a source of protein is only a 
reference material of scientific and experimental interest. 
2. From industrial defibered meal containing partially 
oxidized polyphenols and showing a fairly good nitrogen 
solubility at pH from 7 to 9, it is possible to prepare 
protein isolates with a very low polyphenol content, with- 
out an elimination of phenolics, but with a low yield pro- 
tein. 3. There are good reasons to believe that the toasted 
grapeseed from a distillery could become a convenient 
source of food protein through a process for simultaneous 
recovery of protein and oil. 

Development of Lupine Proteins 

PAOLO CERLETTI and MARCELLO DURANTI ,  Department of General Biochemistry, 
University of Milan, 1-20133 Milano, Italy 

ABSTRACT 

Lupine is a potentially valuable seed protein pro- 
ducingcrop for temperate climates. Alkaloid-free 
varieties have been developed. The true seed protein 
content  varies from 30% to 45%. Protein quality 
and digestibility compare favorably with those of 
soya. Oil yields come upward of 10%, and the com- 
position is similar to soy bean oil. Lupine is relatively 
free of antinutritional factors present in other 
legumes. Large scale nutritional trials have been 
carried out. Lupine isolates have been used in pre- 
paration of foods. 

Lupine is being investigated in several countries as a 
potential  seed protein producer. Its possibilities are par- 

ticularly appealing for areas in the world where soy does 
not grow. 

Lupine is tolerant towards a wide variation of soils 
and of climatic conditions. It is grown as an aestival crop 
in cold temperate areas and as a winter crop in temperate 
and warm temperate ones; it tolerates frost and drought. 
It requires sandy and silt-sandy soils from strongly acid to 
calcareous ones with preference for moderately acidic (1). 
The adaptability of lupine to poor soils on which other 
crops would not survive provided it with the sinister reputa- 
tion that it conferred barrenness on land on which subse- 
quently other crops were unsuccessfully cultivated. On the 
contrary, its nitrogen-fixing capacity causes a saving of  
fertilizers which is estimated at up to 80-100 kg N per 
hectare. 

The presence of toxic quinolizidine alkaloids in the 
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TABLE I 

Total Protein and Essential Amino Acid Content of Whole Lupine Seed a 

Lupinus species b 

Albus Angustifolius Luteus Mutabilis Soya b Whole hen's egg c 

Total protein 35.4 31.2 44.0 42.9 35.0 
Ile 5.12 3.84 4.55 4.68 4.54 
Leu 8.53 6.63 8.96 7.42 7.68 
Lys 5.56 5.17 6.10 5.95 6.38 
Met+Cys 2.78 2.29 3.11 2.67 2.59 
Phe+Tyr 8.87 7.11 6.91 7.91 8.08 
Thr 4.14 3.54 3.99 4.01 3.86 
Trp 0.94 0.91 0.86 0.84 1.28 
Val 4.95 4.03 4.25 4.01 4.80 
MEAA d 74.31 62.21 70.65 68.33 69.47 

6.64 
8.85 
6.45 
5.54 

10.03 
5.07 
1.60 
7.26 
100 

aproteins are given as per cent of whole seed; amino acids as g per 16 g N. 
bFrom ref. 2. 
CReport of a Joint FAO/WHO Expert Group "Protein Requirements," n. 301, (1965). 
dModified Essential Amino Acid Index (see text). 

original  var ie t ies  has  u n d o u b t e d l y  been  a severe h i n d r a n c e  
to the  d e v e l o p m e n t  of  lup ine  as a m a j o r  arable crop.  It 
was g rown  for  food  and  feed in the  anc i en t  M e d i t e r r a n e a n  
civi l izat ions and  in p r e - C o l o m b i a n  A m e r i c a n  in the  A n d e a n  
regions of  Chile,  Peru,  and  Bolivia.  I ts m o d e r n  deve lop-  
m e n t  can be t raced  to the  in te res t  of  the  Prussian king 
F rede r i ck  II in the  s e v e n t e e n t h  c e n t u r y ,  bu t  s igni f icant  
i m p r o v e m e n t  in i t i a t ed  dur ing  and a f t e r  World  War I in  
G e r m a n y .  Gradua l ly ,  " s w e e t "  variet ies  wi th  low alkaloids  
have rep laced ,  in pa r t ,  t he i r  original  " b i t t e r "  c o u n t e r p a r t s .  
In r ecen t  years  p lan t  b reeders  in m a n y  d i f f e ren t  cen te r s  
have given sys temat i c  a t t e n t i o n  to th is  p r o b l e m .  

In Europe  lupine  is cu l t iva ted  in Po land  where  the  
e s t ima ted  area was 4 0 0 , 0 0 0  hec ta res  in 1964,  i nc lud ing  
a b o u t  3 0 0 , 0 0 0  hec ta res  of  a lkaloid-free  variet ies ,  bu t  it l a te r  
dec l ined  due to avai labi l i ty  and  use of  fer t i l izers .  In the  
USSR,  ma in ly  N o r t h  Ukra ine  and  Byeloruss ia ,  t he  to ta l  
area sown to lupine  was 1 ,150 ,000  hec t a re s  in 1960 ,  of  
which  all bu t  100 ,000  hec ta res  were sweet  lup ine ,  and  an 
e x p a n s i o n  was forecas ted .  E x p e r i m e n t a l  and l imi ted  com-  
mercia l  cu l t iva t ion  has  b e e n  r epo r t ed  in the  N e t he r l ands ,  
West G e r m a n y ,  D e n m a r k ,  Sweden ,  and  England .  Outs ide  
Europe  an i m p o r t a n t  c e n t e r  for  sweet  lup ine  cu l t iva t ion  is 
the  Cape Prov ince  in S o u t h  Afr ica;  in Swar t a l and  it 
occupies  some 25% of cu l t iva ted  area in r o t a t i o n  w i th  
cereals.  A l imi ted  area is cu l t iva ted  in wes te rn  Aus t ra l ia  and  
some also in New Zea land .  Cu l t iva t ion  of a lkaloid-free  
lupines  in the  Gu l f  Coast  States  of  the  USA has  been  
l imi ted  by  f ros t  and  disease (1).  

P ro t e in  c o n t e n t  in lup ine  seeds shows  s igni f icant  in ter -  
specif ic  var ia t ion ,  bu t  in general  it compare s  well w i th  t h a t  

of  soya (Table  I). P ro t e in  yield da ta  can be confus ing ,  as 
they  may  be q u o t e d  for  who le  seed or for  d e h u s k e d  
mate r ia l  or for  " f l o u r , "  and  in lupine  the  husks  r ep re sen t  
a h igh  p r o p o r t i o n  of  the  whole  dry seed,  ranging  f rom 15% 
in L. albus t o  25% in L. tuteus, whereas  s o y b e a n  has  9% 
hul l  on  the  average,  and  it  has  a very low p r o t e i n  c o n t e n t .  
Hove (3)  q u o t e s  2 to  3 pe r  cen t  p r o t e i n  for  the  husk  against  
38 to  50 per  cen t  for  the  kerne l s  in his  s tudies  on  L. angus- 
tifolius, Uniwh i t e ,  and  L. luteus, Weiko III,  respec t ive ly .  

A n o t h e r  p o i n t  in favor  of  lup ine  is the  h igh  yie lds  pe r  
hec ta re .  F o r  L. angustifolius and L. mutabilis field yields  
above 5 me t r i c  tons  of  beans  per  hec ta re  have been  re- 
p o r t e d  (4,5) ;  th is  m e a n s  for  the  l a t t e r  var ie ty  a b o u t  2 t ons  
per  hec ta re  overall  p r o t e i n  p r o d u c e d .  Yie lds  of  b e a n s  on  
a dry m a t t e r  basis are never the less  lower  t h a n  in o t h e r  
legumes,  and th is  suggests t h a t  subs t an t i a l  gene t ic  improve-  
m e n t  can  still  be achieved.  

D e t e r m i n a t i o n s  of  the  essent ia l  a m i n o  acids for  the  seed 
p ro t e ins  of  f ou r  ma in  lup ine  species are c o m p a r e d  in Table  
I w i th  those  of  soy and  w i th  egg p ro t e in .  L. luteus is seen to  
be l imi t ing  in val ine,  bu t  the  o t h e r  species are all l imi t ing ,  

like soy p r o t e i n ,  in the  su l fu r e - con t a in ing  a m i n o  acids.  
Judg ing  p r o t e i n  qua l i t y  by  the  Modified Essential Amino  
Acid i ndex  ( M E A A ) ,  w h i c h  inc ludes  the  c o n t r i b u t i o n  o f  
all essent ia l  a m i n o  acids and  r ep re sen t s  p r o t e i n  qua l i ty  
b e t t e r  t h a n  the  chemica l  score ,  on ly  one  species,  L. angus- 
tifolius, is in fe r io r  to  soy bean ,  one  is marg ina l ly  lower ,  and  
two ,  L. albus and  L. luteus, are m u c h  be t t e r .  S u p p l e m e n t a -  
t ion  wi th  0.6% m e t h i o n i n e  (or  wi th  Q u i n o a  f lour )  has  
been  f o u n d  to raise the  p r o t e i n  e f f i c iency  ra t io  of  l up ine  
f lour  above  t h a t  of  casein added  w i th  5% m e t h i o n i n e  (6) .  

Data  in the  l i t e ra tu re ,  t h o u g h  based  in i n c o m p l e t e  
r e so lu t ion ,  ind ica te  t h a t  seed g lobu l ins  consis t  of  several  
f r ac t ions  w i th  s imilar  p r o p e r t i e s  in d i f f e r en t  lup ine  species.  
The  m o s t  de ta i led  i n f o r m a t i o n  has  been  o b t a i n e d  on  
L. albus (7 ,8) ,  and  we will r e fe r  to  it. G l o b u l i n s  are 84% 
of  to t a l  p r o t e i n s  of  the  d e h u s k e d  seed. T h e y  divide i n t o  
six m a j o r  f rac t ions  w i th  M.W. 4 3 0 , 0 0 0 ,  3 3 0 , 0 0 0 ,  3 0 0 , 0 0 0 ,  
260 ,000 ,  225 ,000 ,  187 ,000 ,  wh ich  all c o n t a i n  a ca rbo-  
hydra t e .  One  has  i soe lec t r ic  p o i n t  7.9;  all the  o t h e r s  have  
values in the  acidic range  b e t w e e n  5.7 and  6.2.  All dissoc-  
iate in to  several d i f f e ren t  s u b u n i t s ;  m o s t  a s soc ia t ions  de-  
pend  on  r a t h e r  loose ionic  i n t e r a c t i o n s ,  bu t  some are due  
to disulf ide bridges.  Some  s u b u n i t s  of  d i f f e ren t  f r ac t i ons  
appea r  h igh ly  s imilar  (7) .  T h r e e  of  the  f r ac t ions  do  n o t  
con t a in  any  cys te ine  or  m e t h i o n i n e  or have on ly  t races  of  
t h e m ;  th ree  have b o t h  these  a m i n o  acids at  a h ighe r  level 
t h a n  soy p ro t e in .  F r a c t i o n  1 r e p r e s e n t s  on ly  5.7% of  t o t a l  
g lobul ins .  The  two o t h e r  f r ac t i ons  wi th  s u l f u r - c o n t a i n i n g  
a m i n o  acids are very  m u c h  like in s u b u n i t  c o m p o s i t i o n  

and  t o g e t h e r  m a k e  up  45% of  t o t a l  g lobul ins ;  in  Tab le  
II t hey  are given j o i n t l y  as f r ac t i on  7. Cys te ine  is p r e s e n t  
in a p p a r e n t l y  iden t ica l  s u b u n i t s  (7 ,8) .  

The  a l b u m i n  c o m p o n e n t  of  seed has  a b e t t e r  a m i n o  
acid c o m p o s i t i o n  t h a n  g lobu l ins  bu t  is scarce and  con-  
ta ins  a large n u m b e r  of  d i f f e r e n t  m o l e c u l a r  species.  

Resul t s  o b t a i n e d  on  L. angustifolius suggest  t h a t  b io-  
s y n t h e t i c  r egu la t ion  a f fec t s  the  g lobu l in  f r ac t i ons  as separ-  
ate en t i t ies ,  t h o u g h  t h e i r  changes  are i n t e r r e l a t ed .  I n d e e d  
def ic iency  of  su l fur  in the  n u t r i e n t  m e d i u m  decreases  two  
sulfur-r ich p r o t e i n  c o m p o n e n t s ,  w h i c h  m o v e  in e l ec t ro -  
phores i s  like our  f r ac t i ons  1 and  7 respec t ive ly ,  and  in-  
creases a c o m p o n e n t  p o o r  in su l fu r  w i t h  same e l e c t r o p h o r -  
e t ic  b e h a v i o r  as f r ac t ions  4,5 and  6 (9) .  The  select ive a m i n o  
acid d i s t r i b u t i o n  in separa te  mo lecu l e s  and  the  poss ib i l i t y  
of sh i f t ing  t he i r  r a t ios  give h o p e  t h a t  a gene t ic  a p p r o a c h  
may  be ef fec t ive  in i m p r o v i n g  the  qua l i ty  of  l up ine  
globul ins .  

The  diges t ib i l i ty  of  lup ine  p r o t e i n s  is good  b o t h  in v i t ro  
and  in vivo and  c o m p a r e s  f avorab ly  w i th  t h a t  of  soy p ro -  
te ins  (2). I n d e e d  on ly  a very  m o d e s t  a n t i t r y p t i c  and  urease  
act ivi ty  have  b e e n  r e p o r t e d  fo r  L. albus and  a s a p o n i n  con -  
t e n t  s imilar  to  t h a t  in soybeans ,  bu t  lup ine  is f ree  o f  
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TABLE II 

Essential A m i n o  Acids of Globulin Fractions o f  Lupine Seeds (g/l 6 g N) 

Total globulin Fraction Fraction Fraction Fraction Fraction 
extract  1 4 5 6 7 

lie 4.50 4.91 4.89 3.93 4.17 4.92 
Leu 7.36 9.35 7.31 6.49 7.12 8.11 
Lys 3.90 6.34 4.10 3.78 3.56 3.67 
Met+ Cys 1.75 3.37 0.00 0.03 0.00 3.87 
Phe+Tyr 8.43 8.40 9.40 9.68 I 1.23 8.02 
Thr 3.08 7.43 3.04 2.85 2.68 5.01 
Trp 0.49 1.11 0.04 0.00 0.00 0.53 
Val 3.16 6.30 3.09 2.39 3.00 4.10 
MEAA a 54.80 81.68 26.33 19.89 22.30 65.80 

aModified Essential A m i n o  Acid index  (see text). 

TABLE III 

Yield and C o m p o n e n t  Fatty Acids of  Whole Lupine Seed Oil and of  Soy Bean Oil a 

Fatty acids: Carbon atoms/double bonds 

16:0 18:0 18:1 18:2 18:3 22:1 Oil yield, % 

L. albus 8.3 1.7 54.4 18.2 8.5 3.0 5.1 to 11.9 
L. angust~folius 12.7 6.3 34.6 38.7 4.6 3.5 5.5 to 6.1 
L. luteus 8.5 2.7 28.8 46.7 5.5 3.6 3.3 to 5.6 
L. nutabilis 13.3 8.2 44.3 30.2 2.4 0 7.2 to 14.3 
L. termis 8 .! 2.1 46.2 19.2 9.2 n .d. 9.5 
L. nootkatensis 14.3 1.7 32.1 41.1 8.8 n .d. 10.7 
Soy 11.5 3.9 24.6 52.0 8.0 0 13 to 20 

al)ata from ref. 2 and 6. 

haemagg lu t in ins ,  i sof lavones ,  and  o t h e r  c o m p o n e n t s  typica l  
in legumes.  Also the  c o n t e n t  of  f l a tus - induc ing  oligosac- 
char ides  is re la t ively  low. 

A f u r t h e r  reason  to cons ide r  lupine  as a subs t i t u t e  for  
soy is its p o t e n t i a l  as an oi lseed,  t h o u g h ,  as s h o w n  in Table  
I l l ,  it y ie lds  less oil t h a n  soybeans .  The  c o m p o n e n t  fa t ty  
acids in lup ine  seed bear  a general  r e semblance  to those  of  
soybeans  excep t  in the  ra t io  b e t w e e n  18:1 and  18:2.  Lino-  
lenic acid ( 1 8 : 3 ) ,  an undes i r ab le  c o m p o n e n t  f rom the  p o i n t  
of view of  oil qua l i ty  and  keep ing  p rope r t i e s ,  is p r e sen t  in 
all species at a level on ly  l ight ly  h igher  t han  in soy. Smal l  
a m o u n t s  are f o u n d  of  a n o t h e r  undes i rab le  c o m p o u n d ,  
erucic  acid ( 2 2 : 1 ) ,  wh ich  is absen t  in soy.  However ,  L. 
mutab i l i s  is free of  this  acid and  also con t a in s  m u c h  less 
l ino lenic  acid t h a n  soy.  L inole ic  acid ( 1 8 : 2 ) ,  t he  pr inc ipa l  
essent ia l  f a t ty  acid,  is a lways  an i m p o r t a n t  c o m p o n e n t .  
The  tectal c o n t e n t  of  s a tu r a t ed  acids is usual ly  qu i te  low. 
On balance ,  t h e r e f o r e ,  lup ine  seed oil can be cons ide red  
n u t r i t i o n a l l y  good .  Process ing  of  lup ins  to  oil and  meal  
is s imilar  to  the  p rocess ing  of  soybeans  and  can be per-  
f o r m e d  in ex i s t ing  oil p rocess ing  p lan t s ;  dehu l l ing  is 
fac i l i ta ted  by the  weak  adhes ion  b e t w e e n  hul l  and  kernel .  

A pr ime  ob jec t ive  of  b r eed ing  p rograms  is to  raise 
the  oil yield to  levels wh ich  have a l ready been  achieved 
by a s imilar  p r o c e d u r e  in the  case of  s o y b e a n ,  and  w h i c h  
are necessary  e c o n o m i c a l l y  in o rde r  to  jus t i fy  a m o d e r n  
oil seed e x t r a c t i o n  p lan t .  I ndeed  the  t echno log ica l  ut i l iza-  
t ion  of  p r o t e i n s  d e p e n d s  o n  the  avai labi l i ty  at  e c o n o m i c a l  
costs  of  a d e f a t t e d  and  d e b i t t e r e d  i n t e r m e d i a t e .  

Breed ing  p rog rams  ~. have been  successful  in v i r tua l ly  
r emov ing  a lkaloids  f r o m  c o m m e r c i a l  var ie t ies  of  L. ang- 
us t i fo l ius  and  L. luteus.  Of  the  pr inc ipa l  c o m p o n e n t s ,  
l upan ine  is the  m o s t  dangerous :  20 m g / k g  a d m i n i s t e r e d  

i n t r a p e r i t o n e a l l y  is tox ic  to  gu inea  pigs (10) .  H y d r o x y -  
l upan ine  has  on ly  o n e - t e n t h  of  the  t ox i c i t y  of  l upan ine .  
In h u m a n s ,  r epo r t s  on  fa ta l  cases involv ing  i n f an t s  and  
ch i ld ren  give e s t i m a t e d  a lka lo id  doses rang ing  f r o m  11 to  
25 mg pe r  kg b o d y  weigh t  (11) .  N o n f a t a l  cases of  po i son-  
ing of  adu l t s  have  b e e n  r e p o r t e d  involv ing  e s t i m a t e d  doses  
o f  25 to  46  mg  o f  a lka lo ids  pe r  kg b o d y  weight .  I t  can be  

conc luded  t ha t  in var ie t ies  in which  to ta l  a lkaloid is be low 
0.1 per  cen t ,  an a m o u n t  of  lup ine  f lour  con ta in ing  100 g 
p ro te in  can be  safely c o n s u m e d  daily by an adul t .  More- 
over, tox ic  c o m p o n e n t s  are separa ted  dur ing  technolog ica l  
t r e a t m e n t s  of  the  f lour .  At  p resen t ,  " s w e e t "  lupin  f lour  
is app roved  for  use in i n f a n t  food  at levels up to 15% in 
Chile. 

Gross  and  associates  in Peru have carr ied ou t  large scale 
nu t r i t i ona l  trials wi th  food  c o n t a i n i n g  up to  40% f lour  f rom 
locally g rown  wh i t e  lup ine  low in alkaloids.  No d i s tu rbances  

were observed  and  several i t ems  were b e t t e r  accep ted  t han  
the  c o r r e s p o n d i n g  t r ad i t i ona l  food .  A p rog ram for  p roduc-  
ing an a lkaloid-free  p ro t e in  i so la te  is in progress  (5 ,12 ,13) .  

D e b i t t e r e d  lup ine  f lours  were used successful ly  in bread-  
mak ing  and  in cereals on  an e x p e r i m e n t a l  basis as early as 
t 9 1 9 .  The  re la t ively  h igh lysine and  def ic ien t  su l fur -con-  

t a in ing  a m i n o  acids p o i n t  ou t  a c o m p l e m e n t a r y  ef fec t  wi th  
grain f lours:  indeed ,  3% lupine  f lour  added  to rye improved  
by  27% the  biological  value  o f  b read  (6) .  In pasta  and  
bake ry  i t ems ,  lup ine  f lour  m a y  subs t i t u t e  for  egg also 

because  of  the  ye l low color  i t  confe rs  to  the  f in ished prod-  
uct .  P o m p e i  and  Luc isano  (14 )  f o u n d  t ha t  p ro t e in s  of  a 

lup ine  isolate  added  to  w h e a t  f lou r  (40% as c o m p a r e d  to 
the  p r o t e i n s  of  w h e a t )  gave p r o p e r t i e s  of  ha rd  whea t  f lour  
to  a typ ica l  b r e a d - m a k i n g  f lour .  L u p i n e  p r o t e i n s  ex t r ac t ed  

by  wet  mi l l ing  t h e n  p r e c i p i t a t e d  at  the  isoelect r ic  po in t  and  
dried p r o m o t e d  wa te r -b ind ing  in a m e a t - p r o t e i n  sys tem,  
whereas  dry mi l l ing  and  alkal ine  e x t r a c t i o n  e n h a n c e d  the  

emul s i fy ing  capac i ty  (14) .  E x p e r i m e n t a l  lupin  p r o d u c t s  
were m a d e  in Chile i n to  i t ems  such  as gruels,  gravies, and  
baked  goods  (15) .  

A G e r m a n  p a t e n t  of  1942 (16)  covers  sp inn ing  f ibers  for  
food  use f rom lup ine  seeds;  p r e l imina ry  t e x t u r i z a t i o n  runs  
at  INTEC (Chi le)  gave p r o m i s i n g  results .  The  ma jo r  
e x p e c t e d  t e c h n o l o g i c a l a d v a n c e  n o w i s  to .  p roduce  f rom 

lupine ,  as has  been  done  for  soy,  s t ruc tu red ,  s e m i m a n u f a c t -  
u red  p r o d u c t s  t h a t  m a y  subs t i t u t e  for  m e a t  in h u m a n  
n u t r i t i o n .  
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Sesame Protein: A Review and Prospectus 
L.A. JOHNSON, T.M. SULEIMAN, and E.W. LUSAS, Food Protein Research and 

Development Center, Texas A&M University, College Station, TX USA 

ABSTRACT 

Sesame is one of the earliest condiments and crops 
grown for edible oil. Sesame is consumed directly as 
sweetmeat, a "peanut butter-like" product, a candy 
ingredient, bread condiments,  and snack foods. The 
world production of  sesame is about 2,000,000 
metric tons. China and India are the largest producers 
but internally consume their production. Sudan is the 
largest exporter  of seed. Sesame contains 50% oil, 
which is highly resistant to oxidation, and 25% 
protein, which has a unique balance of  amino acids. 
DehuUing of  sesame for human consumption is 
important since the hull contains 2-3% oxalic acid, 
which chelates calcium and has a bitter flavor. De- 
hulled, defatted meal contains 60% protein, is bland, 
and contains limited qualities of flatulence-causing 
sugars and high quantities of phytic acid. AqueOus 
processing yields isolated protein containing 72% 
protein and recovers 56% of the seed protein. Sesame 
protein is very stable to heat and contains large 
quantities of methionine. Sesame meal has a PER of 
about 1.35. Sesame is low in lysine and requires 
supplementation or can be blended with soy protein 
to give PERs nearly equivalent to casein. Sesame 
protein is composed of nearly 80% s-globulin and 
20% /3-globulin. Limited attempts have been made 
to characterize these 2 fractions. Sesame protein has 
low solubility that l im i t s  food applications in its 
native form. Sesame protein performs better than 
other oilseeds in baking applications. Production of 
sesame is limited to countries where labor is plentiful 
and inexpensive until indehiscent varieties and/or 
improved mechanical harvesting techniques are 
developed. However, intense breeding and engineering 
research programs are in progress. 

INTRODUCTION 

Sesame, Sesamum indicum L, may be the earliest condi- 
ment used and the oldest crop grown for edible oil. The 
seed has been called the "queen of the oilseed crops" 
because of the high yield of  oil and quality of the seed, oil, 
and meal (1). Accounts of  ancient history and mythology 
document early recognition of sesame seed as a source of  
high quality food. According to the Assyrians, the world 
was not created until the gods first refreshed themselves 

with sesame wine. Sesame was the symbol of  immortal i ty in 
early Hindu legend (2). Archeological evidence indicates 
that sesame was cultivated in Palestine and Syria around 
3000 BC and in the civilizations of  Babylonia, 1750 BC, 
and Indus Valley, 2500 BS (3). An Egyptian tomb bears a 
4,000-year-old drawing of  a baker adding sesame to bread 
dough. Archeologists have found sesame seed mash in the 
ruins of  the Old Testament kingdom of Araret. In 1298 
Marco Polo observed the Persians using sesame oil for 
cooking, body massage, medicinal purposes, illumination, 
cosmetics and lubricating primitive machinery. 

WOR LD PRODUCTION 

Sesame is grown primarily in less developed tropical and 
subtropical areas of Asia, Mediterranean, and South 
America. Current world production is estimated at about 
2,000,000 metric tons annually, placing sesame behind 
soybean, peanut, cottonseed,  sunflower, linseed and rape- 
seed, in the quantity of w o r l d  oilseed product ion (4,5). 
Acreage, yield and production on a world basis has largely 
remained the same over the past five years. In 1976, 
1,900,000 metric tons were grown on 6,400,000 hectares 
with an average yield of  307 kg/hectare. The relative 
standing of  the world's 10 leading sesame-producing coun- 
tries in 1976 is summarized in Table I. India devotes the 
greatest acreage to sesame, but has one of the lower records 
for yield per hectare. India produces nearly 21.4% of the 
world sesame crop, followed by China at 19.6% and Sudan 
at 13.5%. Sudan is the major world exporter  (6). Asia and 
Africa produce nearly 90% of the world supply of  sesame. 
Most of  the seed is consumed in the countries where it is 
produced; less than 5% of world production enters export  
trade (1). 

Harvesting characteristics of  sesame have precluded the 
development of a successful crop in the U.S. and other  
developed countries. The seed capsules of  normal dehiscent 
(shattering) sesame varieties open at maturi ty.  Considerable 
care is required to prevent excessive seed loss. The shat- 
tering of the seed pod is desirable in China and India where 
an adequate supply of cheap labor enables hand harvesting 
and threshing. The lack of  uniform ripening of  pods has 
further complicated mechanical harvesting techniques and 
breeding efforts. Seed pods at the base of the plant may be 
opening while the upper part of  the plant is still flowering. 
Where mechanization is the basis for successful crop pro- 
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