
Nutritionally better plant proteins 
The most abundant protein in the world is one found 
in plant leaves. It is an enzyme involved in photo­
synthesis, bearing the name ribulose diphosphate car­
boxylase. 

Unfor tunate ly , w e c a n n o t subsist o n 
m o s t leaves (for example , grass and g u m 
leaves) . A l t h o u g h the prote in is o f g o o d 
quality, it is e n c l o s e d wi th in ce l l wal l s 
that h u m a n s canno t digest . W e therefore 
rely ma in ly o n seeds, tubers, or animal 
p roduc ts to p rov ide prote in . 

R e s e a r c h at t w o C S I R O D i v i s i o n s — 
Plant Industry and Protein Chemis t ry — 
aims at i m p r o v i n g the nutri t ional quali ty 
o f plant prote ins , particularly l e g u m e s . I f 
this can be ach ieved , the effect o n the 
wor ld ' s f o o d supply c o u l d be substantial. 

Pro te ins are c o m p o s e d o f a m i n o ac ids . 
O u r bod ie s con ta in 20 different a m i n o 
ac ids , l inked together by the hundred , or 
s o m e t i m e s the t h o u s a n d , to f o r m a 
myriad o f different prote ins . A n ordinary 
l iver c e l l , for e x a m p l e , c o n t a i n s m o r e 
than 1000 dist inct proteins , e a c h charac­
ter ized by a part icular a r rangement o f 
a m i n o ac ids . 

On a global scale, most of 
the world's edible protein 
comes from seeds. 

Eight o f the 20 a m i n o acids are cal led 
' essent ia l ' b e c a u s e o u r b o d i e s c a n n o t 
synthesize them: w e mus t obtain them 
directly f rom food . O n this basis, w e can 
a s s i g n a ' p r o t e i n s c o r e ' t o i n d i v i d u a l 
foodstuffs . A score o f 100 (human m i l k 
and hen 's eggs are so rated) means that 
the f o o d con ta ins the essential a m i n o 
acids in the exact propor t ions needed for 
the b o d y ' s p r o t e i n - b u i l d i n g . L e s s e r 
scores indicate that the b o d y utilizes the 
protein in the f o o d less efficiently. ( F o r 
example , on l y about half the total a m i n o 
acids in c o r n , with a score o f 4 9 , can be 
buil t u p in to proteins.) 

C o r n is l o w in the a m i n o acids tryp­
tophan and lysine. N a v y beans , w h i c h are 
l o w in me th ion ine , have a protein score 
o f 4 4 . T h i s doesn ' t mean that c o r n and 
beans are necessar i ly p o o r f o o d value. 
C o r n ' s de f ic ienc ies can be made up by 

The dots are protein bodies in the cell 
of a pea. 

the beans , and vice versa. A meal o f c o r n 
tor t i l las and fr ied b e a n s has a m u c h 
h igher protein score than either c o m p o ­
nent. 

T h e F o o d and Agr icu l tu re Organiza­
t ion o f the Uni ted Na t ions has c o n c l u d e d 
that m o s t adults can easily get by o n 4 0 
g r a m s o f h i g h - q u a l i t y ( h i g h p r o t e i n 
score ) prote in daily. Even 20 grams wi l l 
d o i f the b o d y ob ta ins suf f ic ien t f o o d 
energy (protein wi l l be burned up for its 
energy i f there is insufficient f o o d ) . 

O n a g loba l scale, mos t o f the wor ld ' s 
ed ib le prote in (about 7 0 % ) c o m e s f rom 
seeds. M o r e than half ( 5 5 % ) c o m e s f rom 
the cereal grains wheat , r ice , and c o r n ; 
another 1 3 % is provided by l e g u m e seeds 
— s o y b e a n s , peanuts , len t i l s , and the 
l ike. R o o t s and tubers provide o n ly 7 % o f 
the total, and leaves 5%. 

A n i m a l p roduc t s supply 2 0 % o f the 
wor ld ' s dietary protein, mos t o f it c o n ­
sumed in the affluent western w o r l d . A s 
m u c h as 9 0 % o f the prote in fed to ani­
mals is used to mainta in them, leaving 
o n l y s o m e 1 0 % to b e r e c o v e r e d fo r 
h u m a n c o n s u m p t i o n . T h e wor ld p roduc ­
t ion o f c o r n is nearly as large as that o f 
whea t or r i ce , but c o r n supp l i e s o n l y 
about 5 % o f ou r food because mos t o f it is 
used as animal feed, a l ong wi th wheat , 
sk im mi lk , fish-protein concentra te , and 
other fortified feed supplements . H u m a n 

be ings and domest ica ted an imals are, in a 
sense , c o m p e t i n g for the same f o o d . 

It s e e m s inevi table that in the l o n g 
term, as the wor ld ' s popu la t ion increases , 
there wi l l be a trend in all count r ies to­
wards direct c o n s u m p t i o n o f plant pro­
teins for h u m a n nutri t ion. W e wi l l be less 
able to afford the luxury o f feeding grain 
to l ives tock to produce" meat con ta in ing 
o n l y a fraction o f the a m o u n t o f protein 
w e began with. Instead, t e c h n o l o g y may 
c r e a t e f r o m s e e d p r o t e i n s p r o d u c t s 
a n a l o g o u s to meat in taste and texture; 
indeed , the marketplace already conta ins 
the early products , m o r e or less c o n v i n c ­
ing, o f this t e chno log i ca l effort. 

However good the protein 
quality of a legume, it 
stands for little if the seed 
is indigestible or toxic. 

High-scoring plant protein 

In this l ight, the dietary quality o f plant 
prote ins b e c o m e s a matter o f c o n c e r n . 
Cereals such as wheat , maize , and barley 
are l o w in lysine and tryptophan, and r ice 
is a lso l o w in threonine . 

L e g u m e s e e d s , o n the o t h e r h a n d , 
character is t ical ly lack adequate cyst ine 
and me th ion ine . T h e a m i n o acid imbal­
a n c e is n o t a s e r i o u s p r o b l e m in d e ­
v e l o p e d count r ies , where many sources 
contr ibute prote in to the diet. H o w e v e r , 
in p o o r count r ies , prote in intake is l o w 
and often restricted to a narrow range o f 
staple f o o d s . 

Unfortunately, s imple supplements do 
n o t s e e m to b e the answer . T r i a l s in 
T u n i s i a , w h e r e w h e a t p r o d u c t s w e r e 
supp lemented wi th lys ine, and in T h a i ­
land, where r ice was supplemented wi th 
l y s i n e and t h r e o n i n e , have n o t b e e n 
judged successful . 

A far m o r e useful approach has been 
the d e v e l o p m e n t by scientists and plant 
breeders o f cereals wi th improved protein 
quality. In particular, h igh- lys ine l ines o f 
ma ize , barley, and s o r g h u m have been 
deve loped . 

H o w e v e r , the same approach has not 
been applied to l e g u m e seeds, perhaps 
b e c a u s e t h e y are n o t as i m p o r t a n t 
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Experimental plot of rape. 

e c o n o m i c a l l y o n a w o r l d sca le . Y e t peas, 

l e n t i l s , k i d n e y b e a n s , l i m a b e a n s , 

c h i c k p e a s , m u n g b e a n s , c o w p e a s , soy ­

beans , peanuts , and broad beans are the 

m o s t i m p o r t a n t h i g h - p r o t e i n f o o d s in 

many p o o r count r ies . 

L e g u m e s c o n t a i n 1 5 - 4 0 % p r o t e i n , 

w h i c h means that m o s t o f them con ta in 

m o r e protein than cereals , and even than 

meat (a l though o f a l ower quali ty). T h e y 

con ta in m u c h m o r e i ron than the same 

a m o u n t o f cereals , and about five t imes as 

m u c h r iboflavin and ten t imes as m u c h 

th iamine. L e g u m e s also have the advan­

tage o f be ing able to fix n i t rogen th rough 

bacteria g r o w i n g o n their roots — they 

therefore can g r o w o n p o o r land wi th a 

lesser a m o u n t o f fertilizer than cereals 

require. 

A l t h o u g h the total prote in fraction o f 

l e g u m e seed may be unba lanced , in the 

dietary sense, s o m e o f the individual pro­

teins m a k i n g u p this fraction may have a 

very favourable a m i n o acid c o m p o s i t i o n . 

W i t h this c o n s i d e r a t i o n i n m i n d , the 

C S I R O scientists have been invest igat ing 

the possibi l i ty o f deve lop ing nutri t ionally 

improved l e g u m e s . In c o m i n g to grips 

wi th the p r o b l e m , the scientists were en­

cou rage d by s o m e degree o f success wi th 

cereals and wi th the k n o w l e d g e that the 

n u m b e r o f s torage p ro t e in s is less in 

l e g u m e s than in cereals , mak ing the task 

theoret ical ly easier — another reason for 

a iming at i m p r o v i n g l e g u m e s . 

Storage proteins , w h i c h make u p the 

b u l k o f a s eed ' s p ro te in , c o m p r i s e the 

f o o d store the plant lays d o w n in its seeds 

i n o rde r that the seeds w i l l have the 

wherewi tha l to germinate and g r o w to a 

stage w h e r e photosynthes is can take over 

as the energy source . 

T h e i m m e d i a t e a i m o f the resea rch 
p r o g r a m is to s tudy the p r o c e s s e s in­
vo lved in their format ion. 

T h e scientists want to learn h o w the 
p rocesses o f laying d o w n protein are g o v ­
e r n e d b y the p l a n t at t he g e n e t i c , 
p h y s i o l o g i c a l , and b i o c h e m i c a l l eve l s . 
T h e longer- term a im is to use this k n o w ­
ledge to manipula te the p l a n ť s prote in 
p r o d u c t i o n by breed ing c h o s e n l ines and 
by p rov id ing the o p t i m u m in nutrients 
and env i ronment . 

Plant breeders may have a less tor tuous 
path to success if they have a detailed 
k n o w l e d g e o f the bas ic plant p rocesses 
invo lved in prote in accumula t ion . Breed­
ing strategies based o n l y o n se lec t ing 
plants wi th h i g h prote in yie lds o v e r l o o k 
m a n y o f the interacting factors that are at 
work . 

A t the D i v i s i o n o f Plant Industry in 
Canberra , D r D o n Spence r and his c o l ­
leagues are concent ra t ing their efforts o n 
unders tanding a s ing le l e g u m e , the gar­
den pea (Pisum sativum). T h i s is a c o n ­
v e n i e n t e x p e r i m e n t a l p lan t for m a n y 
r easons . Its seed p ro te in is typica l o f 
l e g u m e s in b e i n g l o w in the su lphur-
c o n t a i n i n g a m i n o a c i d s , i n c l u d i n g 
m e t h i o n i n e , and it can be g r o w n to seed-
set stage fairly rapidly under standardized 
g lasshouse c o n d i t i o n s . It is exce l l en t for 
g e n e t i c s t u d i e s b e c a u s e o f e x t e n s i v e 
k n o w l e d g e already available (dating back 
to M e n d e l ) , and its storage proteins are 
c lo se ly related to those o f other l e g u m e s . 
A n u m b e r o f interesting f indings have al­
ready c o m e to l ight . 

More or less 

A decade ago it was general ly accepted 

that there are t w o sorts o f l e g u m e storage 

prote in — l e g u m i n , w h i c h conta ins use­
ful a m o u n t s o f the w a n t e d s u l p h u r -
con ta in ing a m i n o acids , and v ic i l in . T h i s 
is a great over-s impl i f ica t ion , as w o r k by 
D r Spence r , D r T . J. H i g g i n s , and Pro­
fessor John T h o m s o n (formerly o f the 
D i v i s i o n and n o w at Sydney Universi ty) 
has s h o w n . T h e y have f o u n d that legu­
m i n and v ic i l in are each h igh ly c o m p l e x 
mixtures o f c l o s e ly related proteins. D e ­
tailed studies o f the b iosynthes is o f these 
proteins has s h o w n that they unde rgo an 
extensive series o f modi f i ca t ions during 
seed deve lopmen t . 

Para l le l m i c r o s c o p i c s tud ies by M r 
Stuart Cra ig and D r D a v i d G o o d c h i l d 
have g iven an insight in to the changes 
that o c c u r in the internal structure o f the 
ce l l s dur ing accumula t i on o f the storage 
prote in . T h e structure has to be c o m ­
pletely reorganized dur ing the process so 
that the stored prote in c a n b e packaged 
into minu te 'protein bod i e s ' . 

Present w o r k suggests that improve­
men t o f seed protein quali ty by genet ic 
m e a n s is m o s t l ikely to b e achieved by al­
tering the relative propor t ions o f proteins 
already present (that i s , m o r e l egumin , 
less v ic i l in ) . T h e alternative o f breeding 
muta t ions wi th seed proteins con ta in ing 
different a m i n o acids runs the risk o f re­
d u c i n g , or des t roying, the viability o f the 
seed. 

Professor T h o m s o n has been studying 
the many individual l e g u m i n and v ic i l in 
c o m p o n e n t s to ascertain h o w many diffe­
rent genes con t ro l their c h e m i c a l struc­
tures and amoun t s and h o w the genes are 
l inked in pea c h r o m o s o m e s . T h i s wi l l 
p rovide an invaluable founda t ion w h e n 
plant breeders try to manipula te the indi­
vidual storage protein c o m p o n e n t s . 

O f cou r se , the ques t ion still remains as 
to h o w m u c h variation in the propor t ions 
o f the proteins the seed c a n tolerate w h i l e 
m a i n t a i n i n g v i a b i l i t y . A f t e r a l l , the 
b i o l o g i c a l func t ion ing o f the seed has dif­
ferent requirements f rom those for satis­
fying h u m a n nutri t ion. H o w e v e r , exper­
iments sugges t that, in l e g u m e s anyway, 
s u c h variations w o u l d n o t b e a ser ious 
constraint . 

D r Peter Randal l o f the D i v i s i o n g rew 
peas in soi ls con ta in ing levels o f sulphur 
ranging f rom n o n e to very h igh . W h e n 
Professor ( then D r ) T h o m s o n analysed 
the peas , he found that, i f n o sulphur was 
available to it, the plant manufactured a 
seed that con ta ined n o l e g u m i n at all. 
Signif icant ly , the seed was still v iable . 
Unfortunately, n o a m o u n t o f added sul­
p h u r c o u l d pe rsuade the plants to in­
crease the propor t ion o f l e g u m i n — the 
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su lphu r - con ta in ing fract ion — b e y o n d 
no rma l levels . 

U n d e r s o m e c i r cums tances , the pro­
por t ion o f l e g u m i n c o u l d be increased, 
but usual ly at the expense o f stressing the 
plant. G r o w i n g a plant wi th g ross de ­
f ic ienc ies o f po tass ium or phosphorus is 
no t r e c o m m e n d e d . 

Anybody for lupins? 

D r M o r t o n G i l l e s p i e , D r R o b e r t B la -
grove , and other scientists at the D i v i s i o n 
o f Prote in Chemis t ry in M e l b o u r n e w o r k 
in co l l abora t ion wi th the Canberra team, 
w i th the nar row-leafed lup in (Lupinus 
angustifolius) as the focus o f their atten­
t ions . 

L u p i n seed was c h o s e n because o f its 
potential as a substitute for soybean . A l ­
t h o u g h lupin seeds have been used for 
f o o d s ince ancient t imes, on ly recent ly 
has the cul t ivat ion o f low- tox ic i ty , l o w -
a l k a l o i d var ie t ies b e c o m e c o m m o n in 
Aus t ra l ia . M o d e r n l u p i n b r e e d i n g has 
c h a n g e d a w i ld plant into o n e suitable for 
large-scale seed p roduc t ion by in t roduc­
ing characters s u c h as l o w alkaloid level , 
earlier f l ower ing , pe rmeab le seed coa t , 
d i sease res i s tance , and non-sha t t e r ing 
pods . H o w e v e r , little attention has been 
paid to the improvemen t o f prote in qual­
ity, especia l ly an increase in the level o f 
sulphur-bearing a m i n o ac ids . 

D r G i l l e s p i e and D r B l a g r o v e d e ­
v e l o p e d a s imple and rapid p rocedure to 

T o improve the nutritional value of 
legume seed protein, we should aim for 
increased levels of legumin. 

screen lupin proteins (and other l e g u m e 
prote ins t o o ) by e lec t rophores i s . In 10 
minu tes the m e t h o d resolves the storage 
proteins into their c o m p o n e n t s , a l l owing 
the relative propor t ions to be estimated. 

L u p i n seeds con ta in three storage pro­
teins — most ly cong lu t in alpha and c o n -
glut in beta, but also a m i n o r c o m p o n e n t , 
n o t p rev ious ly r e c o g n i z e d , n a m e d c o n ­
glut in gamma. A s a c o n s e q u e n c e o f their 
differences in a m i n o acid c o m p o s i t i o n , 
inc reas ing the p ropor t ion o f c o n g l u t i n 
gamma relative to the others shou ld re­
sult in a seed with a h igher con ten t o f 
many o f the essential a m i n o ac ids . 

T h e sc ien t i s t s have s c r e e n e d m a n y 
lupin cult ivars and spec ies for favourable 
c o m p o s i t i o n o f s torage pro te ins . T h e y 
f o u n d cons iderab le variation in the pro­
p o r t i o n s o f s to rage p ro te in types , en ­
c o u r a g i n g D r R e x O r a m o f the D i v i s i o n 
o f Plant Industry to undertake breeding 
trials wi th s o m e o f the varieties. 

A s ingle g e n e was found , w h i c h mar­
k e d l y r e d u c e s the p r o p o r t i o n o f o n e 
p o o r - q u a l i t y p ro t e in , and t ends to in ­
crease a good-qua l i ty c o m p o n e n t . I f m o r e 
s u c h genes can be uncovered , c o m b i n a ­
t ions o f t h e m c o u l d s ignif icant ly improve 
a m i n o acid balance. 

A completely edible plant 

M o r e recently, the scientists at the D i v i ­
s i o n o f P r o t e i n C h e m i s t r y have b e e n 
l o o k i n g at another l e g u m e , the w i n g e d 
bean (Psophocarpus tetragonolobus). It is 
suited to g rowth in the h u m i d t ropics and 
has nutri t ional advantages over the soy­
bean (con ta in ing even m o r e lys ine) and 
lacks the somewha t bitter, beany f lavour 
o f the latter. Near ly all the parts o f this 
perennia l c l i m b i n g plant can be eaten: 
the beans, p o d s , tuberous roots , leaves, 
and f l o w e r s . T h e r ipe s e e d s c o n t a i n 
3 0 - 4 0 % protein. 

W h e n the scient is ts appl ied e l ec t ro ­
phores is to w i n g e d beans , they found that 
the storage proteins separated into three 
f rac t ions , n a m e d p s o p h o c a r p i n s A , B , 
and C . O f part icular interest is the C 
c o m p o n e n t , n o r m a l l y a m i n o r c o n ­
stituent, w h i c h conta ins a h i g h level o f 
sulphur-r ich a m i n o ac ids , just l ike the 
cong lu t i n gamma o f the lupin . Unfor tu­
nately, the seed storage proteins in the 80 
examples c o l l e c t e d f rom the h igh lands o f 
Papua N e w G u i n e a s h o w little diversity, 
leaving little s c o p e for improvemen t by 
select ive b reed ing a m o n g these l ines . 

Anti-nutritional factors 

H o w e v e r g o o d the protein quality o f a 
l e g u m e , it stands for little if the seed is 

They're all edible — the flowers, pods, 
leaves, and tubers of the winged bean. 

indiges t ib le or t ox i c . F o r this reason, the 
D i v i s i o n o f Prote in Chemis t ry has been 
invest igat ing the anti-nutritional factors 
in l e g u m e s . 

Soybeans are k n o w n to con ta in anti-
v i t a m i n , a n t i - e n z y m e , g o i t r i g e n , 
oes t rogen , and other tox ins . F e e d i n g raw 
soybeans to rats leads to p o o r g rowth , en­
larged pancreas , excess ive enzyme secre­
t ion, and general me tabo l i c dis turbance. 
Fortunately, many o f the tox ins are re­
m o v e d by soaking the beans in water or 
by c o o k i n g . T h e extent to w h i c h they are 
detr imental in the diet is therefore dif­
ficult to assess. 

D r A l e x K o r t t o f t he D i v i s i o n o f 
Protein Chemis t ry is seeking to isolate 
an t i -enzymes and to character ize their 
structure and func t ion . T h e s e materials 
inhibi t d iges t ion by b ind ing wi th d iges ­
tive enzymes . T h e y o c c u r in lup in seeds 
in o n l y smal l amoun t s , but in w i n g e d 
bean they const i tute u p to 5 % o f the pro­
tein. 

S o m e scientists have specula ted that 
the a n t i - e n z y m e s m a y be part o f the 
plant 's de fence m e c h a n i s m against attack 
by i n sec t s . Insec t s d i s l ike i n d i g e s t i o n 
t o o ! F u r t h e r m o r e , a s i n g l e p lan t l ea f 
w o u n d e d by an insect also i nduces anti-
e n z y m e to a c c u m u l a t e t h r o u g h o u t the 
plant. A n d if birds or other animals eat 
the seeds, the ant i -enzyme wi l l improve 
the c h a n c e s that the seed wi l l be excre ted 
in a viable c o n d i t i o n . 
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A n o t h e r g roup o f plant tox ins , under 
study by D r M i c h a e l Jermyn, is the fam­
ily o f lec t ins — plant proteins that inter­
fere w i th d i g e s t i o n by b i n d i n g to c e l l 
wal l s . W h e n incorporated into the diet, 
they inhibi t g rowth . Lec t i n s were iden­
tified a lmos t 90 years ago th rough their 
ability to c l u m p red b l o o d ce l l s . T h e y ac­
c o u n t for about 2 0 % o f the prote in in 
w i n g e d bean. 

Li t t le is k n o w n o f them, excep t that 
c e r t a i n l e c t i n s p r e f e r e n t i a l l y ac t o n 
t u m o u r ce l l s , in t roduc ing the poss ibi l i ty 
o f a use in cancer therapy. L e c t i n s may 
act as plant ant ibodies , p r o d u c e d in re­
sponse to so i l bacteria. Transferred to the 
digest ive tract o f an animal , they attack 
the ce l l s l i n ing the intestinal wal l , thus 
interfering wi th the absorp t ion o f nut­
rients. 

An t i -nu t r i t i ona l fac tors c a u s e p r o b ­
l ems in s o m e n o n - l e g u m e seeds as w e l l . 
R a p e seed is a useful o i l s e e d c r o p in 
Austral ia, and the protein mea l left after 
extract ion o f the o i l has a wel l -ba lanced 
a m i n o ac id c o m p o s i t i o n . H o w e v e r , in 
o lder cult ivars, t ox ic const i tuents make 
the mea l unsui table for h u m a n c o n s u m p ­
t ion and o f on ly l imi ted use for l ives tock . 
D r John K i r k and D r O r a m , at the D i v i ­
s ion o f Plant Industry, are having c o n ­
s iderable s u c c e s s in b r e e d i n g l ines o f 
rape seed free o f these const i tuents . 

The future 

D e s p i t e m a n y r ecen t a d v a n c e s in o u r 
k n o w l e d g e o f seed protein structure and 
func t ion , there is still a l o n g way to g o 
before w e can direct a seed to p r o d u c e the 
proteins w e want . 

Never the less , progress is be ing made 
and, bes ides the C S I R O g roups invo lved , 
cons ide rab le overseas research interest is 
devoted to this area. But, progress or no t , 
it s eems inevitable that the direct c o n ­
s u m p t i o n o f seed pro te in w i l l b e c o m e 
m o r e widespread. A c q u i r i n g a taste for 
beans may be useful preparation for the 
future. 

Andrew Bell 
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