
of  w h e a t  f lour  con t ro l s ,  r espec t ive ly  (10 ,19) .  In t e rms  of  
specif ic  loaf  vo lume s  (cc/g) ,  values of  5.4 and  4.5 were 
o b t a i n e d  w h e n  SPI and  soy p r o t e i n  isolate  were inc luded ,  
as c o m p a r e d  to 6.3 for  t he  con t ro l .  

E x p l o r a t o r y  research  and  d e v e l o p m e n t  of  foods  incor -  
po ra t i ng  SPI deve loped  at the  Wes te rn  Reg iona l  Resea rch  
Cen te r  has  been  a n d / o r  is be ing  c o n d u c t e d  in academic  and  
c o m m e r c i a l  l abora to r i e s ,  in  t he  U.S. a n d  ab road .  For t i f i ca -  
t ion  of  pas tas  wi th  SPI has  b e e n  s tud ied  i n c o r p o r a t i n g  levels 
of  5 t h r o u g h  25%. Calcu la ted  p r o t e i n  c o n t e n t  of  pas tas  
increased  to  f rom 16 to  27% m o i s t u r e  free basis.  C o m m e r -  
cial research  e f fo r t s  are in progress  e x a m i n i n g  t he  func t i on -  
al i ty  of  SPI in var ious  b read  and  beverage fo rmu la t i ons .  

Cost estimates. R e c e n t  e c o n o m i c  pressures  w i t h i n  the  
oi lseed process ing  i n d u s t r y  have p r o m p t e d  processors  of  
saf f lower  seed to  cr i t ical ly  e x a m i n e  the  r e t u r n s  o b t a i n e d  
f rom the i r  by -p roduc t s ,  i nc lud ing  meal .  As a resul t ,  t he  
feasabi l i ty  of  p r o d u c i n g  SPI is c u r r e n t l y  receiving a t t e n t i o n  
by  some wi th in  the  U.S. Es t ima tes  on  costs  of  p r o d u c i n g  
soy p ro t e in  isolates (20)  serve as a general  guide for  pro-  
duc t i on  costs  for  SPL. Processes  for  p r e p a r a t i n g  b o t h  pro-  
te in  isolates are suf f ic ien t ly  similar  to  assume t h a t  m a j o r  
p r o d u c t i o n  costs  would  also be s o m e w h a t  similar.  Dur ing  
the  past  two years ,  commerc i a l l y  available,  42% crude  pro-  
te in  meal  has  ranged  in price f rom $ 1 5 0 - 2 0 5 / m e t r i c  t ons  
wi th  an average of  ca. $190  (21) .  Costs  of  p r o d u c i n g  SPI 
were ca lcu la ted  as the  sum of  p r o d u c t i o n  costs  plus  costs  of  
raw mater ia l s ,  i.e., sa f f lower  meal .  Cos t s  of  saf f lower  meal ,  
per  p o u n d  of  SPI, were ca lcu la ted  as fol lows:  

E s t i m a t e d  cos t  of  p r o d u c i n g  SPI is c o m p a r e d  wi th  
e s t ima ted  costs  for  var ious  soy p r o t e i n  p r o d u c t s  (Tab le  II). 

Cost of 
Costs of 2,204 lbs 
saf- = Meal = $190.00 
flower lbs SPI in % % protein 
meal 2,204 lbs protein recovered 

Meal in meal in SP1 
x x 2,204 Ibs 100 100 

% protein in SPI 
100 

E s t i m a t e d  cos t  of  p r o d u c i n g  SPI is c o m p a r e d  wi th  
e s t ima ted  costs  for  var ious  soy p r o t e i n  p r o d u c t s  (Tab le  II). 
On a relat ive basis, SPI costs  are s imilar  to  those  for  soy 

p r o t e i n  isolate.  The  cos t  o f  SPI, a s suming  t h a t  e x t r a c t e d  
mea l  wou ld  be sold as a b y - p r o d u c t ,  was ca l cu la t ed  o n  t he  
basis of  a we igh t  y ie ld  o f  50% for  SPI and  a sale pr ice for  
the  b y - p r o d u c t  c o m p a r a b l e  to  20% c rude  p r o t e i n  mea l ,  
i.e., ca. $ 9 5 / m e t r i c  ton .  

Those  regions  of  the  wor ld  in wh ich  s ign i f i can t  quan-  
t i t ies  of  sa f f lower  are p r o d u c e d  and  p rocessed  are e n c o u r -  
aged to  exp lo r e  th is  c rop  as a source  of  ed ib le  p ro t e in .  This  
is especia l ly  a p p r o p r i a t e  for  those  c o u n t r i e s  w h i c h  c o n s u m e  
diets  de f i c i en t  in  p r o t e i n  and  calories.  
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Development of Grapeseed Protein 
P. FANTOZZI 1 and A.A. BETSCHART, Western Regional Research Laboratory, 
SEA/ARS/USDA, Albany, CA USA 

ABSTRACT 

The p o t e n t i a l  for  grapeseed  oil and  p r o t e i n  in 
regions where  grape p r o d u c t i o n  is s igni f icant  is dis- 
cussed. E x t r a c t i o n  and  c o n c e n t r a t i o n  p r o c e d u r e s  
which  improve  the  n u t r i t i o n a l  value  of  g rapeseed  
p r o t e i n  and  p r o b l e m s  re la ted  to p r o t e i n  d iges t ib i l i ty  
are p resen ted .  

Grapeseeds  have been  exp lo red  and  used as a source  of  
oil, b o t h  e x p e r i m e n t a l l y  and  by  indus t r i a l  processors .  
I n f o r m a t i o n  on  grapeseed  p r o t e i n  inc lud ing  m e t h o d s  of  
e x t r a c t i o n  and  i so la t ion ,  as well as n u t r i t i o n  value,  is 
l imi ted .  Grapeseeds  b e c o m e  a par t  of  pom ace ,  a c c o u n t i n g  

1Visiting Scientist, WRRC, SEA, USDA. Present address: 
Instituto di Scienza e Tecnologie Alimentari e della 
Nutrizione, Universita degli Studi di Perugia, Italy. 

for  20-26% of th is  res idue w h i c h  resul t s  f r o m  the  p rocess  
of  w i n e m a k i n g  (1) .  In the  U.S. l i t t le  use  is m a d e  of  p o m a c e ;  
occas ional ly  i t  has  been  used  as a soil c o n d i t i o n e r  or  source  
of  nond iges t i b l e  fiber.  In Eu rope ,  howeve r ,  p o m a c e  is 

v iewed  as a p o t e n t i a l l y  va luab le  b y - p r o d u c t .  T h e  p r o d u c t s  
w h i c h  m a y  be o b t a i n e d  f r o m  100 Kg o f  grapes  are s h o w n  
in Figure  1 (2 ,3) .  In a d d i t i o n  to oil, g rapeseeds  r e p r e s e n t  a 
v iable  source  o f  p r o t e i n  and  t ann ins .  

Grape  p r o d u c t i o n  varies  wide ly  in var ious  reg ions  o f  t h e  
world.  P r o d u c t i o n  o f  grapes  and  wine  b y  m a j o r  reg ions  w i t h  
e s t i m a t e d  p r o d u c t i o n  o f  seeds,  p r o t e i n ,  and  oil are s h o w n  
in Tab le  I (4) .  Grapeseeds  a c c o u n t  for  an  average of  2 .5% 
of  the  grape w i th  values  ranging  f r o m  2.2 to  6.3%. This  
va r iab i l i ty  is a t t r i b u t e d  to  d i f fe rences  in  va r i e ty  and  
m a t u r i t y  of  t he  grape.  E u r o p e  p r o d u c e s  nea r ly  60% of  t he  
wor ld ' s  grapes  and  is r e spons ib le  for  a lmos t  70% of  t he  
wor ld  wine  p r o d u c t i o n .  In a d d i t i o n  to  Eu rope ,  s izable  
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TABLE I 

World Production of Grapes and Wine with Potential Production of 
Grapeseed, G r a p e s e e d  Prote in  and Oil (i,000 MT) 

Protein Oil 
Area Grape Wine Grapeseed a total yield total yield 

World 59,024 30,746 1,416 155.7 77.8 240.7 192.6 
Europe 34,475 21,045 827 91.0 45.5 140.6 112.5 
Asia 6,187 197 148 16.3 8.1 25.2 20.2 
South America 5,535 3,261 133 14.6 7.3 22.6 18.1 
North an d Central America 3,914 1,509 94 10.3 5.1 16.0 12.8 
Africa 2,506 1,369 60 6.6 3.3 10.2 8.2 

aEstimates calculated on the basis of grape production, composition and yield of protein and oil. 

TABLE 11 

Composition of Grapeseed and Distribution of 
Constituents within Select Fractions 

D i s t r i b u t i o n  Total polyphenols Crude 
Grapeseed fractions Weight % moisture free basis Protein a fat 

Whole seed 100 100 100 100 
Endosperm 25-35 7 94 98 
Internal epiderm 50-65 67 2 1 
External epiderm 10-15 26 4 1 

Composition Range of values 
Whole grapeseed % weight as is 
M o i s t u r e  9-11  
Prote in  a 10 -12  
Crude  Eat 16-18 
Crude  Fiber 39-44 
Ash 2-3 
Total polyphenols 5-10 

a p r o t e i n  = n i t r o g e n  x 6.25. 

quant i t ies  o f  grapeseed and its by -p roduc t s  are also avail- 
able in countries such as Argent ina ,  Chile, Iran, and Turkey.  

Potent ia l  p r o d u c t i o n  of  grapeseed p ro te in  is similar to 
tha t  o f  sunf lower  p ro te in  in France  and Italy, and could  
accoun t  for 1-2% of  available vegetable  p ro te in  in these 
coun t r i es  as well as Argent ina .  France  and I taly have the  
mos t  p romis ing  po ten t i a l  for  grapeseed oil p roduc t i on .  
When  c o m p a r e d  wi th  the  major  sources  o f  oil for  France ,  
I taly and Spain, grapeseed could  po ten t ia l ly  c o n t r i b u t e  oil 
equivalent  to  1 5% of  F rance ' s  rapeseed oil, 8% of  I ta ly 's  
p r o d u c t i o n  o f  olive oil, and 1 0% of  the  sunf lower  oil pro-  
duc t ion  o f  Spain.  The impac t  o f  grapeseed oil p r o d u c t i o n  in 
the  USSR and the  USA would  be cons iderab ly  less. 

P rox ima te  analyses of  whole  grapeseeds  s h o w  tha t  com-  
pos i t ion  lies wi th in  the  range o f  values r epo r t ed  in Table II. 

Pre l iminary data on d is t r ibu t ion  of  cons t i t uen t s  within 
grapeseed indicate tha t  p ro te in  and lipid are concentrated 
with in  the  endospe rm,  whereas  phenol ics  are located  
main ly  in the  in ternal  and ex te rna l  ep iderm.  Thus,  to  
ob ta in  p r o t e i n  and oil f rom grapeseed,  c o n t e n t s  o f  the  
e n d e o s p e r m  should  be released wi th  minimal  d is rupt ion  of  
the  s tone  cells and ou te r  ep iderm.  The major  object ive 
would  be to min imize  p ro te in -pheno l i c  in terac t ions .  

An evaluat ion o f  grapeseed p ro te in  qual i ty  on  the basis 
o f  amino  acid c o m p o s i t i o n  shows tha t  sulfur amino  acids 
are similar to  those  o f  soy flour,  whereas  lysine c o n t e n t  o f  
whole  grapeseed p ro te in  is a p p r o x i m a t e l y  one-hal f  that  
found  in soy (2,5). Grapeseed p ro t e in  would  be mos t  
ef fect ively  ut i l ized when  c o n s u m e d  in c o m b i n a t i o n  with 
o the r  p ro te ins  having c o m p l e m e n t a r y  amino  acid pat terns .  
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Of the several antinutri t ional  factors present in plant 
food sources, including trypsin inhibitor in soy, hemag- 
glutinins in legumes, gossypol in cottonseed and aflatoxin 
in peanut, it appears that phenolic constituents are of major 
concern in grapeseeds. 

Experimentation has shown that grapeseed may be 
obtained from pomace by the following procedure: 

Pomace --~Wash]-~ Drain -~Thresh and Sieve ~ Grap~seed 

1 Dried 
Sugar grapeseed 

Ferment and---* Alcohol 
distill 

Oil may be extracted from the grapeseed by one of two 
methods: 

Pressure Grapeseed Solvent extraction 

Grind * - - - - " - ' " - ' ~ - ' - ' - - - ' ~ ~  Grind 

Roast Extract with solvent 

Hydraulic press 

Oil ~ ~ Extracted flour < ~ Oil 

The oil-extracted flour contains ca. 15% extractable pro- 
tein by weight. 

A procedure for protein extraction and concentration, 
developed by the authors (6) may be generally summarized 
as follows: 

Oil-ext racted---~ Protein ext raction--~Cent rifugation---.Residue 
Grapeseed flour (20% NaC1) 1 

4, 
Extract 

Grapeseed protein Centrifugation Acid : '] 
concentrate ' - - and  washing ~--precipitation I 

Grapeseed protein ~--Freeze drying ~ Dialysis~ 
concentrate 

Whereas the technique of extracting protein from grape- 
seed does not  present problems, protein extraction in the 
presence of phenolics poses the major difficulty. As shown 
in Table II, grapeseed contains between 5 and 10% total 
phenolics of which ca. 7% may be located in the 
endosperm, the major location site for protein. Protein- 
phenolic interactions and binding are well recognized and 
common among extracts of many plant materials (7, 8, 9). 
The general decrease in protein digestibility which occurs in 
the presence of phenolics is a continuing problem. Growth 

depression was observed in chicks when various fractions of 
phenols from grapeseed were fed (10). Formation of 
hydrogen bonds between phenolic hydroxyl groups and the 
carbonyl groups of the protein peptide bonds results in 
decreases in digestibility, Phenols may bind with dietary 
protein as well as proteolytic enzymes responsible for 
digestion. In addition to their influence upon nutri t ional  
value, phenolics also adversely influence color and organ- 
oleptic properties. As a result of oxidation, there is the 
formation of brown pigment associated with polymeriza- 
tion of phenols. 

In vitro digestibility of grapeseed protein was assayed 
with pepsin-pancreatin (11). Digestiblity was evaluated on 
the basis of disappearance of trichloracetic acid insoluble 
nitrogen. In a system where casein and bovine serum 
albumin were 95% digestible, the digestibility of grapeseed 
protein was increased from 4 to 60% by altering the extrac- 
tion conditions. It is apparent that extraction of grapeseed 
protein in the presence of NaC1, alone or in combinat ion 
with Polyclar (polyvinylpyrrolidone), partially protects 
the protein and enhances digestibility. These and other 
methods which decrease or minimize protein-phenolic inter- 
actions and enhance protein digestibility should be 
explored. Economic and technological constraints must also 
be considered when evaluating such methods. 

Although grapeseed appears to be a potential protein 
source, especially for those countries where grape produc- 
tion is significant and protein resources limited, minimiza- 
tion of phenolics in grapeseed protein products is basic to 
their utilization. A more definitive understanding of the in- 
teraction of protein and phenolics, as well as approaches to 
minimizing their interactions, would have application to 
various vegetable protein sources with similar problems. 
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