
TABLE V 

Viscoamylograph Curve Data and Gelation Properties of Legume Flours, 
P r o t e i n  (PF) and Starch (SF) F r a c t i o n s  

Peak viscosity, B.U. Cold paste viscosity~ B.U. Degree of gelation, % 
Flour PF SF Flour PF SF Flour PF SF 

Soybean 
Lupine 
Chickpea 
Pea bean 
Northern bean 
Fababean 
Field pea 
Lima bean 
Mung bean 
Lentil 

6 0  . . . . .  6 0  . . . . .  0 . . . . . .  

6 0  - -  - -  1 8 0  . . . . . .  9 1  . . . . . .  

1 , 0 0 0  440 1,000 1,780 520 1,820 58 60 56 
660 140 1,000 780 260 1,520 85 100 82 
980 240 1,340 860 210 1,760 71 82 70 
460 60 700 1,020 150 2,260 74 92 59 
525 50 720 800 70 920 72 100 83 
980 120 1,040 1,100 260 2,000 76 79 80 
920 40 1,160 780 180 1,800 75 73 83 
640 80 980 840 260 2,400 77 95 53 

showed  s t ronge r  foam vo l um es  t h a n  the  f lours ,  and  on ly  
the  s tabi l i ty  of  the  field pea  p r o t e i n  was poor .  All  p r o t e i n  
f rac t ions  gave whi t e  foams,  bu t  the  or iginal  slurries 
e x h i b i t e d  a range  of  colors  f rom w h i t e  to  g r een -b rown .  

High peak  and  cold paste  viscosi t ies  in the  v i scoamylo-  
g raph  curves  were p r imar i ly  a p r o p e r t y  of  the  s ta rch  frac- 
t ions ,  and  very  low values  were o b t a i n e d  for  s o y b e a n  and  
lupine  f lours  as well  as m o s t  p r o t e i n  c o n c e n t r a t e s  (Table  
V). I n t e r m e d i a t e  peak  v iscos i ty  values  c o m b i n e d  w i th  h igh  
cold paste  v iscos i ty  were charac te r i s t i c  of  f a b a b e a n  and  
lent i l  s t a rch  f rac t ions .  I n t e r m e d i a t e  peak  and  cold 
viscosit ies were observed  for  field pea s ta rch ,  whi le  relat ive-  
ly h igh values for  b o t h  p a r a m e t e r s  were o b t a i n e d  for  n o r t h -  
ern  bean  s tarch .  

Lup ine  f lour  showed  good  ge la t ion  p roper t i e s ,  while  the  
soybean  f lour  deve loped  i n to  a th ick  p o u r a b l e  s lurry  dur ing  
the  hea t ing  and  cool ing  e x p e r i m e n t  (Table  V).  Genera l ly ,  
t he  p ro t e in  f r ac t ions  t e n d e d  to  gel more  c o m p l e t e l y  t h a n  
the  s ta rch  f rac t ions ,  b u t  h igh values were o b t a i n e d  in b o t h  
c o m p o n e n t s .  Pea bean  and  field pea  p r o t e i n s  gelled com- 
p le te ly  while  lent i l  and  f a b a b e a n  p r o t e i n s  also gave h igh  
values. 

P resen t  da ta  s h o w e d  tha t  a p o r t i o n  of  t he  va r i a t i on  in 
func t iona l  p rope r t i e s  a m o n g  legume f lours  can be ascr ibed  
to the  ra t io  of  p r o t e i n  to  s t a rch ,  and  o t h e r  c o n s t i t u e n t s  
such as lipids, in the  or iginal  f lour .  In a d d i t i o n ,  the  indivi-  
dual  p ro t e in  and  s t a rch  f rac t ions ,  even in the  c rude  fo rm 
o b t a i n e d  by  air c lass i f icat ion,  e x h i b i t e d  a wide  range in 
p h y s i o c h e m i c a l  charac ter i s t ics .  These  air-classified 

p roduc t s ,  poss ib ly  wi th  f u t u r e  re f in ing  of  the  s t a rch  frac- 
t ion ,  cou ld  serve to e x p a n d  the  range  of  f u n c t i o n a l  raw 
mate r ia l s  avai lable  to  the  food  and  r e l a t e d ' i n d u s t r i e s .  In 
general ,  f ood  and  indus t r i a l  p rocesso r s  requ i re  i ng red i en t s  
wi th  weak,  i n t e r m e d i a t e  or  s t rong  f u n c t i o n a l  p rope r t i e s ,  
d e p e n d i n g  on  the  end-use .  T h e r e f o r e ,  i t  is n o t  a p p r o p r i a t e  
to  des ignate  a p a r t i c u l a r  air-classif ied f r ac t i on  as be ing  
super io r  to  a n o t h e r .  However ,  i t  can be c o n c l u d e d  t h a t  pea  
and  n o r t h e r n  bean ,  c h i c k p e a  and  l ima  bean  f lours ,  and  air- 
classified f r a c t i o n s  gave genera l ly  h ighe r  values  in the  func-  
t iona l  p r o p e r t y  t es t s  whi le  f a b a b e a n ,  field pea ,  m u n g  b e a n  
and  lent i l  gave h igh  p r o t e i n  f r a c t i o n a t i o n  in the  airJclassi - 
f i ca t ion  process .  
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Taste of Potato Protein and Its Derivatives 
K.H. NEY, Unilever Forschungsgesellschaft mbH, Hamburg, 
Behringstrabe 154, Germany 

ABSTRACT 

Large a m o u n t s  o f  p o t a t o  p r o t e i n  are avai lable 
f rom p o t a t o  p rocess ing  p lan ts .  N u t r i t i o n a l l y  the  
a m i n o  acid c o m p o s i t i o n  is good,  b u t  the  so lub i l i ty  
o f  p r o t e i n s  recovered  n o r m a l l y  by  hea t  coagu la t i on  
needs  to  be increased .  One  way to  do th i s  is by  
e n z y m a t i c  hydro lys i s .  B i t t e rness  is t h e r e b y  deve loped  
and  th is  is discussed in r e l a t i on  to  the  Q value  thesis .  

In p o t a t o  s ta rch  p r o d u c t i o n ,  large a m o u n t s  o f  p o t a t o  
p r o t e i n  b e c o m e  avai lable as b y - p r o d u c t  and  at  t he  m o m e n t  
are m o s t l y  used  on ly  for  an ima l  feed.  

The re  are several d i f f e ren t  ways  of  o b t a i n i n g  the  p r o t e i n  
f rom the  process ing  l iquor ,  t he  m o s t  e c o n o m i c  be ing  hea t  
coagu la t ion  (1) .  F o r  app l i ca t i on  in foods tu f f s ,  t he  so lub i l i ty  

o f  t he  p r o t e i n  has  to  be  increased ,  and  e n z y m a t i c  h y d r o l y -  
sis seems to  p rov ide  a good  m e t h o d  o f  do ing  this .  F r o m  a 
n u t r i t i o n a l  s t a n d p o i n t ,  p o t a t o  p r o t e i n  has  a ve ry  good  
a m i n o  acid c o m p o s i t i o n  and  also has  a h igh  p r o p o r t i o n  o f  
h y d r o p h o b i c  a m i n o  acids. 

As p rev ious ly  desc r ibed  (2) ,  t h e  b i t t e r n e s s  o f  a p e p t i d e  
is caused by  the  h y d r o p h o b i c i t y  o f  i ts  a m i n o  acid res idues.  
The  m e a n  h y d r o p h o b i c i t y  Q is o b t a i n e d  b y  s u m m i n g  the  
h y d r o p h o b i c i t i e s  o f  the  d i f f e r en t  a m i n o  acid res idues  o f  a 
pep t i de  and  d iv id ing  b y  t he  t o t a l  n u m b e r  o f  t he  res idues ,  
t hus  Q =A_Afff Pep t ides  w i t h  Q-values above  1 ,400 are b i t t e r ,  
whereas  p e p t i d e s  w i t h  Q-values be low 1 ,300 are n o t  b i t t e r  
(2-4) .  As an  e x a m p l e :  t h e  d i p e p t i d e  G l u t a m y l - l y s i n e  has  a 
Q-value of  5s0 ~ 1,500 = 1,025 and  is n o t  b i t t e r ,  550  be ing  

the  h y d r o p h o b i c i t y  i n c r e m e n t  for  G l u t a m i c  acid a n d  1 ,500  
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TABLE I 

Pancreatic  Hydro lys i s  o f  Potato  Protein 

T ime  A m o u n t  o f  pancreat in  
h ppm Yield c~-N Protein content Taste 

22 30.000 
17 30.000 

6 30.000 
5 30.000 
2 30.000 

~/.4 g 5.4 % 79.1% bitter 
7.3 g 5.5 % 80.4 % bitter 
6.8 g 5.5 % 81.7 % bitter  
6.3 g 4.5 % 82.9 % bitter 
5.5 g 4 .1% 83.0 % bitter 

TABLE II 

Pancreatic Hydrolysis of Mixtures of Potato Protein 
and Gelatin 

Rat io  po ta to  prote in  
Gelatin 

Amount of Pancreatin Time 
ppm h Taste 

t :0  
1:1 
1:1 
1:1 
1:1 

I ,S00 7 bitter 
1,500 7 nonbi t ter  
7,500 7 nonbi t t er  
1,500 22 nonbitter 
7,500 22 nonbitter 

TABLE III 

Pancreatic Hydrolysis of Mixtures of Potato Protein 
and Gelatin 

Ratio potato protein/ 
gelatin Taste Solubility 

1 : 1 nonbi t ter  v. sol. 
2 :I nonbitter  v. sol. 
4:1 nonbitter v. sol. 
6:1 bitter v. sol. 

10:l bitter v. sol. 

the value for  lysine.  In c o n t r a s t  to  this,  Leucy l - ty ros ine  is a 
b i t t e r  t as t ing  d ipep t ide  hav ing  Q value of  2 ,645 ,  the  h y d r o -  
p h o b i c i t y  for  Leuc ine  and  Tyros ine  be ing  2 ,420  and  2 ,870 ,  
respec t ive ly .  

This  Q value rule has  b e e n  c o n f i r m e d  wi th  more  t h a n  
200  pep t ides ,  prac t ica l ly  all pep t ides  wi th  k n o w n  tas te  and  
s t ruc tu r e  o b e y i n g  this  p r inc ip le  (5).  F u r t h e r m o r e ,  th is  
p r inc ip le  is val id for  pep t ides  w i th  mo lecu l a r  weights  up to 
6 ,000  Da l ton  as has  been  d e m o n s t r a t e d  by  gel p e r m e a t i o n  
c h r o m a t o g r a p h y  (6) ;  above  th is  l imi t  pep t ides  w i th  Q > 
1,400 are also n o t  b i t te r .  

P ro t e in s  are usua l ly  tasteless,  b u t  f rom the i r  Q values 
a good  i n d i c a t i o n  can be o b t a i n e d  as to  w h e t h e r  they  have 
a t e n d e n c y  to  p r o d u c e  b i t t e r  pep t ides  dur ing  pro teolys is :  
p r o t e i n s  w i t h  h igh  Q-values are p r o n e  to p r o d u c e  b i t t e r  
pep t i de s  by  e n z y m a t i c  t r e a t m e n t  (2) ,  whereas  those  w i th  
low Q-values are no t .  

P o t a t o  p r o t e i n  has  the  h igh  Q value of  1,567 and  con-  
s equen t ly  does  t end  to  p r oduce  b i t t e r  pep t ides .  F o r  
example ,  on  a t t e m p t i n g  to increase  the  so lubi l i ty  o f  the  

p o t a t o  p ro t e in  by  panc rea t i c  t r e a t m e n t ,  a b i t t e r  t as t ing  
h y d r o l y z a t e  was p r o d u c e d .  A l t h o u g h  the  solubi l i ty  was 
increased and coagu la t ion  did n o t  occu r  on  pas teu r i za t ion ,  

the b i t t e r  taste  m a d e  this  p r o c e d u r e  inappl icable .  Gel per- 
m e a t i o n  c h r o m a t o g r a p h y  revealed t ha t  ma in ly  di-, tri- 
and  t e t r a p e p t i d e s  had  been  f o r m e d  wi th  molecu la r  weights  
of ca. 200 -400  Dal ton .  Never theless ,  a p rocedu re  has been  

descr ibed for  the  p r e p a r a t i o n  of  n o n b i t t e r  hyd ro lyza t e s  
f rom any  p ro t e in ,  cha rac te r i zed  by  the fact  tha t  the  enzy-  
ma t i c  hydro lys i s  is p e r f o r m e d  in the  presence  of  gelatin (8). 
We (6) have f o u n d  tha t ,  in th is  case, the  f o r m a t i o n  of shor t  

cha in  pep t ides  was largely i nh ib i t ed ,  and we ob t a ined  
" s a f e r "  p r o d u c t s  wi th  mo lecu l a r  weights  of  above 6 ,000  
Dal ton.  We appl ied this  p rocedu re  to p o t a t o  p ro te in ,  and  
by  panc rea t i c  t r e a t m e n t  of m i x t u r e s  of  p o t a t o  p ro te in  and  

gelatin,  we o b t a i n e d  fully soluble ,  n o n b i t t e r  hyd ro lyza t e s  
which  did n o t  coagula te  on  pas teu r i za t ion .  Again,  gel 
c h r o m a t o g r a p h y  showed  tha t  the  molecu la r  weights  of  the  
pep t ides  f o r m e d  were largely above 6 ,000  Dal ton .  We 

varied the  ra t io  of  g e l a t i n / p o t a t o  p ro t e in  and  found  t ha t  4 
par t s  p o t a t o  p r o t e i n  to  1 pa r t  gelat in  gave on  pancrea t i c  
hydro lys i s  t o g e t h e r  a n o n b i t t e r  h y d r o l y z a t e ;  whereas  a ra t io  
o f  6 par t s  p o t a t o  p r o t e i n  to  i par t  gelat in  resul ted  in a 
b i t t e r  p r o d u c t .  

The  a c c o m p a n y i n g  tab les  give i n f o r m a t i o n  re la ted to 
the  t r e a t m e n t  o f  p o t a t o  p r o t e i n  wi th  panc rea t i c  e n z y m e  as 
s u m m a r i z e d  here :  Tab le  I on  the  ef fec t  of  hydro lys i s  of  
p o t a t o  p r o t e i n ;  Table  II and  III on  the  e f fec t  of  hydro lys i s  

of  m i x t u r e s  of  p o t a t o  p ro t e in  and  gelat in;  Table  IV o n  the  
ef fec t  of  such  hydro lys i s  of  1:1 m i x t u r e s  of  p o t a t o  pro-  
te in  and  gela t in  at 45 and  60  C. 

TABLE IV 

Pancreatic Hydrolysis of Mixtures of Potato Protein and 
Gelatin at Di f ferent  Constant Temperatures 

Ratio  p o t a t o  protein/ Amount of pancreatin Time Temperature  
gelatine ppm h o C Taste 

1:1 7,500 7 45 nonbitter 
1 : 1 7,500 22 45 nonbi t ter  
1 : I 11,250 7 45 nonbi t ter  
1 : 1 11,250 22 45 nonbi t ter  
1 : 1 7,500 7 60 slightly bitter 
1:1 7,500 22 60 slightly bitter 
1 : 1 11,250 7 60 slightly bitter 
1 : 1 11,250 22 60 slightly bitter 
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Two Food Applications of Cottonseed Flours and Meals 

T.S. DE BUCKLE, L.E. ZAPATA, G. SILVA, J.A. CABRERA, 
A.M. DE SANDOVAL, I. BEN-GERA, H. RIVEROS, and I SHOMER I 
Instituto de Investigaciones Technoldgicas (I IT) Bogota, Columbia 

ABSTRACT 

Procedures for preparing texturized cottonseed 
protein and isolate. In either case the free gossypol 
is effectively reduced. Further work is in progress 
especially on cottonseed protein isolate. 

INTRODUCTION 

Cottonseed meals and flours are often in excess in the 
local markets of tropical countries like Colombia (20,000 
tons in 1974). Their use in human foods is restricted by 
well known factors, free gossypol and dark green color. 
Work has been done in Colombia and in many other places 
towards the economical elimination of these two draw- 
backs. Our results correspond to the work done at | .I .T.,  
Colombia, on the production from commercial cottonseed 
meals of texturized vegetable protein through extrusion 
and on the production of 90% protein isolate using as 
extracting agent a hexametaphosphate solution. 

TEXTURIZED VEGETABLE PROTEIN 

In 1974 preliminary studies conducted at I.I.T. (1) 
showed that cottonseed flours could be texturized in a 
similar way to soybean flour, and that free gossypol con- 
tents were simultaneously reduced to safe levels. Further 
work done during the last few years has verified reduction 
in free gossypol, to evaluate the nutritional properties of 
the extrudate and the influence of the quality of the raw 
materials and processing conditions on the physical and 
textural properties of the extrudates. 

Flours with different fiber, protein, and initial gossypol 
contents were run through extruders (Wenger X-5 and 
X-25) as seen in Table I, the extreme ones being flours 
C, and G (free gossypol and fiber). The extrusion variables 
studied were: die hole diameter, die type, f lour/water mass 
ratio (2.65:8.30). Water pH (6.3, 7.0, 8.5, 10.0). 

lInsti tute for Technology and Storage of  Agriculural Products, 
Agricultural Research Organization, P.O. Box 6, Bet Dagan Israel. 

Temperatures at the exit die were between 75 and 115 C 
in the X-5, and 103 to 135 C in the X-25. Product moisture 
at the exit die varied from 12.0 to 16.0% in the X-25 
extruder. Methods used for chemical, physical and biolog- 
ical analysis were the conventional ones as described by 
Cabrera et al. (2) and Salazar- de Buckle et al. (3). 

RESULTS 

The results obtained showed it was possible to obtain a 
textured product with sensory characteristics similar to 
those of soybean texturized products as measured by the 
texture profile method (4). Scanning electron microscopy 
showed a structure (Fig. 1) similar to that of soybean 
T.V.P., rivulets, protein strands and their systematic layer- 
ing as well as some spherical bodies that we believe may be 
intact protein bodies. Photomicrographs 1 and 2 corres- 
pond to soybean and cottonseed, respectively. Photomicro-  
graph 3 we believe could be illustrating the strand forma- 
tion through the elongation of  one of the spherical bodies 
and shows another one already elongated that connects two 
layers of  orientated protein fibers. Photomicrographs 4 
and 5 show the fiber orientation observed, both in cot ton- 
seed and in soybean textured protein. In the cottonseed,  
a two dimensional layering which resembles that of  bovine 

muscle tissues is observed, while in soybean the fibers or 
layers show a more complex interweaving. These seem to 
correlate with higher integrity indexes observed for soy- 
bean products. 

Table II shows how the free gossypol content  was low- 
ered to levels below 0.020%. It also shows that high integrity 
indexes are correlated with low bulk density and high 
expansion indexes. The most appropriate water pH values 
were between 7.0 and 8.5. 

Table III shows some data concerning the biological 
value of  cottonseed extrudates compared with soybean 
TVP and whole hens' egg. The biological value obtained by 
using the slope ratio techniques (5) show similar results to 
those of the soybean-extruded product.  The free gossypol 

TABLE I 

Chemical Analysis of Cottonseed Flours 
(Moisture Free Basis) a 

Protein Free Available 
Fat Crude fiber (N x 6.25) gossypol lysine 

Sample (%) (%) (%) (%) g / t00  g prote in  

C 0.73 5.27 57.6 0.077 3.8 
D 0.59 13.98 47.5 0.082 3.8 
G 0.75 12.85 46.3 0.073 --- 

aAlkali Soluble protein (NaOH, 0.02 N)was  70 .5  -- 71.0 for all three  samples .  
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