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Prote ins  extracted from defatted oats  were  chem- 
ical ly  modif ied by acy la t ion  ( succ inylat ion  and 
a c e t y l a t i o n ) ,  p o t a s s i u m  l i n o l e a t e  t r e a t m e n t  or 
part ial  h y d r o l y s i s  w i t h  trypsin.  Total  e s sent ia l  
amino  acid conten t  w a s  s l ight ly  l o w e r e d  by acety-  
la t ion ,  but unaf fected  by succ iny la t ion .  Gel f i ltra- 
t ion c h r o m a t o g r a p h y  s h o w e d  some d i s soc ia t ion  o f  
oa t  po lypept ides  by succ iny la t ion ,  w h i l e  tryps in  
hydro ly s i s  caused cons iderable  b r e a k d o w n  of  the  
pro te in .  S o l u b i l i t y  and  e m u l s i f y i n g  p r o p e r t i e s  
were  s ign i f i cant ly  improved by all  the  modif ica-  
t ions .  Fat b inding  capaci ty  was  improved by acy-  
la t ion  and l ino leate  treatment ,  wh i l e  water  hydra-  
t ion  capac i ty  and f o a m i n g  propert i e s  we r e  im- 
proved by tryps in  and l ino lea te  modif icat ions .  The 
ge l l ing  property  was  improved by acylat ion .  When 
meat  prote in  was  subst i tuted w i t h  oat  prote in  in 
model  w ieners ,  there  was  a decrease  in cook yield,  
c o h e s i v e n e s s  and f irmness .  H o w e v e r ,  w h e n  com- 
pared to the  unmodi f i ed  oat  prote in ,  succ iny la t ion  
led to an im pro vement  in performance  in an emul-  
sif ied meat  system.  

Oats provide a potential source of low-cost proteins 
with good nutri t ional value, but are not used exten- 
sively for human  consumption. Protein isolates and 
concentrates prepared from oats have been shown to 
possess good emulsifying and binding properties (1,2). 
In order to enhance the value of oat protein as a food 
ingredient, it would be desirable to improve its func- 
tionality, part icularly solubility, which is poor near 
neutral  pH. Chemical modifications such as acyla- 
tion, enzymatic  hydrolysis  and surfactant  treatment,  
have  been found to be effective in improving the func- 
t ionali ty of various food proteins (3-10). The present 
study reports on the effects of applying these modi- 
fication procedures to oat proteins. The data on func- 
t iona l i ty  changes  have  been repor ted  e lsewhere  
(11,12). The performance of the modified oat proteins 
on model weiner systems was assessed and compared 
to that  of pea and soy protein isolates. 

METHODS 

Proteins were extracted from defatted oat groats in a 
weak alkaline suspension as described previously (1). 
Acylation, t rypsin hydrolysis and linoleate t reatment  
were performed directly on the alkaline protein ex- 
t ract  as described previously (11,12). After modifica- 
tions, the protein extracts were dialyzed against  dis- 
tilled water and freeze dried. The modified oat prod- 
ucts had protein contents of around 60% and can be 
regarded as protein concentrates. Methods for all 
chemical analysis and functionality assessment have 
been described (11,12). 

The effect of chemical modifications on the gelling 
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property of oat protein was studied. Dispersions (10% 
w/v of oat protein at alkaline pH were heated at 100 C 
for 20 min in glass tubes. The hardness of the coagu- 
lum was measured by a back extrusion method (13) 
using an Instron Testing Machine. 

To study the performance of oat and other plant  
proteins in meat  emulsions, wiener batters were pre- 
pared with lean ground beef or pork. Meat protein 
was substi tuted with plant  proteins at 5, 10 and 20% 
levels on a dry weight basis. Batters were prepared as 
described by Raymond et al. (14). Cook yield was 
determined by the method of Randall  et al. (15), and 
c o h e s i v e n e s s  and  f i r m n e s s  were m e a s u r e d  as 
described by Voisey and Randall  (16). Two oat pro- 
tein products, globulin and oat protein isolate, were 
prepared by salt and alkaline extraction, respectively, 
as described previously (2). Soy protein isolate (Supro 
610) was from Ralston Purina, and pea protein isolate 
was a product  of Woodstone Foods (Por tage  La 
Prairie, Manitoba). 

RESULTS AND DISCUSSION 

Amino acid composition/proximate composition. Suc- 
cinylat ion did not cause significant changes in the 
essential amino acid profile of oat protein except a 
slight decrease in phenylalanine.  Acetylated protein 
had slightly lower levels of valine, isoleucine and 
phenyla lanine  and a significantly lower cystine con- 
tent. Consequently, the total essential amino acid 
content was lowered by acetylation (Table 1). 

Linoleate t rea tment  caused a considerable reduc- 
tion in protein content, mainly due to the incorpora- 
tion of 8% linoleate which also accounted for the 
higher  fat  content. Trypsin t rea tment  did not cause a 
s ignif icant  change  in the proximate  composit ion 
(Table 2). 

TABLE 1. 

Essential Amino Avid Content of Acylated Oat Proteins 
(g/100 g protein)a 

Acety- Acety- Succiny- Succiny- 
Amino acid b N a t i v e  lated lated lated lated 

(0.0F (50.2) c (86.1F (32.8) c (61.9) c 

Lysine 3.5 3.7 3.7 3.5 3.2 
Threonine 3.0 3.2 3.2 3.1 3.6 
Cystine 2.9 1.2 1.3 2.7 3.0 
Methionine 1.4 1.5 1.5 1.6 1.5 
Valine 5.1 4.2 4.0 5.1 5.2 
Isoleucine 3.7 3.1 2.9 3.4 3.5 
Leucine 7.5 7.4 7.2 7.5 7.6 
Tyrosine 4.5 4.4 4.2 4.0 4.4 
Phenylalanine 6.2 5.3 5.4 5.4 5.5 
Total 37.8 34.0 33.4 36.3 37.5 

aAverage of duplicate determinations. 
bTryptophane was not determined. 
c% modified. 
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TABLE 2. 

Prox imate  Compos i t ion  o f  Nat ive  and Modified Oat 
Prote in  Concentrates  (% dry wt  basis)  a 

Protein Protein Crude  Carbo- 
concentrate (N X 6.25) fat hydrate Ash 

Native 64.0 0.5 32.0 4.4 
Linoleate-treated 49.8 9.2 33.4 7.6 
Trypsin-hydrolyzed 59.9 0.5 34.2 5.2 

aAverage of duplicate determinations. 

Gel chromatography. To study the molecular weight 
distribution of the modified oat proteins, gel filtration 
chromatography was carried out on a Sephacryl S-200 
column using 2 M sodium thiocyanate as eluant. 

The native proteins were fractionated into six peaks 
(Fig. 1A). The void volume peak represents high 
molecular weight aggregates,  and the 58, 36 and 
22 kDa peaks correspond, respectively, to the dimer 
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FIG. 1. Gel f i l t ra t ion  c h r o m a t o g r a p h y  o f  oat  prote in  on 
Sephacry l  S -200  co lumn (2.5 X 45 cm), u s i ng  2M sodium 
t h i o c y a n a t e  as  e luant .  F l o w  rate  w a s  25 m l / h r .  The  
numbers  above  the  p e a k s  repr es en t  the  e s t imated  mole -  
cular w e i g h t s  o f  the  fract ions .  Vo, vo id  volume;  A, nat ive;  
B, succ iny la ted  (61.9%); C, acety lated  (86.1%). 
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FIG. 2. Gel f i l t rat ion  c h r o m a t o g r a p h y  o f  oat  prote in  on 
Sephacry l  S-200  co lumn (2.5 X 45 cm), us ing  2M sodium 
t h i o c y a n a t e  as  e luant .  F low rate w a s  25 m l / h r .  The  
numbers  above  the  peaks  represent  the  e s t imated  mole-  
cular w e i g h t s  o f  the  fract ions .  V o void volume;  A, nat ive;  
B, l inoleate- treated;  C, t ryps in-hydro lyzed .  

and two monomers of oat globulins, the major protein 
fraction in oats. Both succinylation (Fig. 1B) and ace- 
tylation (Fig. 1C) caused some dissociation of aggre- 
gated proteins in the void volume peak, and in the 
case of succinylation, the globulin dimers. 

Linoleate t reatment (Fig. 2B) led to very poor reso- 
lution, probably due to an increase in net negative 
charge from the fat ty acid carboxyl groups, and a 
disruption of hydrophobic forces by the fatty acid 
salts; both conditions can promote interactions be- 
tween the protein and gel matrix. Trypsin hydrolysis 
(Fig. 2C) caused a general reduction in the molecular 
size of the polypeptides, suggesting tha t  trypsin did 
not act preferentially on any specific class of oat pro- 
tein. 

Solubility. Figure 3 shows the pH-solubility curves 
of unmodified and acylated oat proteins. Typical bell- 
shaped curves were observed with minimum solubil- 
ity near pH 5. When compared to the control, acetylao 
tion caused some increase in solubility while succin- 
ylation led to significant improvement in solubility, 
particularly near neutral pH. 

When compared to the control, linoleate-treated oat 
protein had slightly better solubility above pH 4, 
while trypsin treatment led to a significant improve- 
ment in solubility at acidic pH, and a slight reduction 
at alkaline pH (Fig. 4). The improvement in solubility 
could be due to a reduction in molecular size by 
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FIG. 3. Nitrogen solubility curves of  acylated oat protein concentrate. [3, 
native; ©, succinylated (32.8%); Q, succinylated (61.9%); A, acetylated 
(50.2%); A, acetylated (86.1%). 

enzyme hydrolysis and a disruption of hydrophobic 
interaction by linoleate treatment which affects solu- 
bility by increasing interfacial area (10). 

Emulsifying properties. Data on emulsifying capa- 
city (EC), emulsifying activity index (EAI) and emul- 

TABLE 3. 

Emulsifying Properties of  Native and Modified Oat 
Proteins a 

Protein concentrate EC b EAI c ESI d 
(ml oil]g protein} (m~/g) (rain) 

Native 1993 40.4 6.2 
Acetylated, 50.2%e 2116 40.8 13.0 
Acetylated, 86.1%e 2280 43.6 16.5 
Succinylated, 32.8%e 2132 44.0 19.2 
Succinylated, 61.9%e 2352 56.2 21.0 
Linoleate-treated 2372 56.8 120.0 
Trypsin-hydrolyzed 2128 49.4 35.0 

aAverage of three determinations. 
bEmulsifying capacity. 
cEmulsifying activity index. 
dErnulsion stability index. 
e% modified. 
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sion stability index (ESI) of the acylated oat proteins 
are presented in Table 3. Acylation improved both EC 
and EAI, and ESI was greatly improved even at a 
lower level of modification. 

Linoleate and trypsin treatments also led to a sig- 
nificant improvement in emulsifying properties of 
oat  proteins,  par t icu lar ly  the emulsion s tabi l i ty  
(Table 3). 

Water and fat absorption. Acylat ion caused a 
marked decrease in bulk density which could con- 
tribute to the high fat binding capacity. The mecha- 
nism of fat absorption has been attributed mostly to 
physical entrapment of oil (17). In contrast, water 
hydration capacity was decreased by acylation, which 
could be attributed to the increase in protein solubil- 
ity and the elimination of the charged e-amino groups 
of lysine {Table 4). 

The water hydration capacity of oat protein was 
improved by both linoleate and trypsin treatments.  
The fat binding capacity was increased by linoleate 
treatment and decreased by enzyme hydrolysis, which 
may  also be attributed to the changes in bulk density 
of the samples (Table 4). 

Foaming properties. Foamabil i ty  of oat proteins 
was increased by both acetylation and succinylation, 
but foam stability was decreased. Both foamabili ty 



FUNCTIONAL PROPERTIES OF OAT PROTEINS 

1729 

100 

80 

tu  
...J 60 

..I 
o 

Z 
40 

20 

0 |" I 'I I I I f "' I I 

1.5 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 

pH 

FIG. 4. Nitrogen solubility curves of linoleate~and trypsin-treated oat con- 
centrates. /x native; O, linoleate-treated; e ,  trypsin-hydrolyzed. 

TABLE 4. 

Water and Fat  B i n d i n g  Proper t i e s  o f  N a t i v e  and 
Modif ied Oat Pro te ins  a 

Protein concentrate Bulk density WHC b FBC c 
(g/ml) (ml/g) (ml/g) 

Native 0.31 2.00 2.10 
Acetylated, 50.2% d 0.14 1.95 4.95 
Acetylated, 86.1%d 0.11 1.35 6.35 
Succinylated, 32.8%d 0.13 1.65 5.25 
Succinylated, 61.9%d 0.10 1.45 6.30 
Linoleate-treated 0.20 2.15 3.50 
Trypsin-hydrolyzed 0.46 2.20 1.40 

aAverage of duplicate determinations. 
bWater hydration capacity. 
~Fat binding capacity. 
d% modified. 

a n d  f o a m  s tab i l i ty  decreased  wi th  a n  inc rease  in the  
ex ten t  of mod i f i ca t ion  (Table  5). Th i s  could be due to 
a n  excess ive  inc rease  in c h a r g e  to h i nde r  protein-  
pro te in  in te rac t ion  a t  the  interface.  For  l inoleate  a n d  
t r y p s i n  t r e a t m e n t s ,  bo th  f o a m a b i l i t y  and  f o a m  sta- 
bi l i ty were improved  (Table  5). 

TABLE 5. 

F o a m i n g  Propert i e s  o f  Acy la ted  Oat Prote ins  a 

Foam stability (%) 
Protein concentrate Foamability 

(%) 30 min 60 min 

Native 85 70 53 
Acetylated, 50.2% b 100 56 50 
Acetylated, 86.1% b 90 42 35 
Succinylated, 32.8% 5 125 35 25 
Succinylated, 61.9% b 95 30 22 
Linoleate-treated 95 78 67 
Trypsin-hydrolyzed 110 72 60 

aAverage of duplicate determinations. 
b% modified. 

Gelling property. Oat  pro te in  fo rms  a self-support-  
ing gel unde r  ce r ta in  pH,  ionic s t r e n g t h  and  h e a t i n g  
condi t ions .  T a b l e  6 shows  t h a t  unmodi f i ed  oa t  pro- 
tein concen t r a t e  fo rmed  a fa i r ly  weak  gel a t  bo th  pH 
8.5 a n d  9.5. The  gel h a r d n e s s  was  g r ea t l y  inc reased  
by  bo th  ace ty la t ion  and  succ inyla t ion ,  pa r t i cu la r ly  a t  
lower pH.  T r y p s i n  t r e a t m e n t ,  on the o ther  hand ,  led 
to a weak  gel s t ructure,  p r o b a b l y  due to reduct ion in 
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TABLE 6. 

Effect  o f  C h e m i c a l  Modi f i ca t ion  on  Gel  H a r d n e s s  a 

Protein concentrate 
Gel hardness, Newtons 

pH 8.5 pH 9.5 

Native 1.59 1.75 
Acetylated protein concentrate 3.88 1.93 
Succinylated protein concentrate 4.28 2.02 
Trypsin-treated protein concentrate 1.02 0.09 

aAverage of 6 determinations. 

the size of the protein molecules which may no longer 
be able to associate to form a strong gel matrix. 

Performance in comminuted meat system. Since 
acylated proteins have good emulsifying and binding 
properties, a study was conducted to assess the per- 
formance of succinylated oat proteins in beef and 
pork wiener systems. 

The cook yield in beef wiener formulations decrased 
with increasing level of substitution (Fig. 5). When 
compared to the unmodified oat protein, subsitution 
with succinylated protein led to an improvement in 
cook yield, particularly at  the 5 and 10% levels of sub- 
stitution. In the pork wiener system (data not shown), 
succinylation did not improve the cook yield over the 
unmodified protein. 

Succinylation appeared to improve the texture of 
the substituted pork wiener batters as indicated by 
cohesiveness and firmness measurements. Substitu- 
tion with acylated protein led to an initial increase in 
cohesiveness, followed by a decrease at higher levels. 
When compared to the unmodified sample, succinyla- 
tion improved the cohesiveness at all levels of substi- 
tution (Fig. 6). In pork wieners, substitution with 
either succinylated or unmodified oat protein led to a 
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FIG. 6. Effect  o f  subs t i tu t ing  m e a t  w i t h  na t ive  and suc- 
c i n y l a t e d  oat  prote in  on c o h e s i v e n e s s  o f  pork  w i e n e r s .  
A, nat ive;  A, succ iny lated .  

progressive decrease in firmness (Fig. 7). However, 
pork wieners substituted with succinylated protein 
had firmness values higher than  those substituted 
with unmodified protein, indicating an improvement 
by succinylation. In the beef system, however, succi- 
nylation caused a slight decrease in both cohesive- 
ness and firmness (data not shown). The results indi- 
cate a difference between beef and pork in response to 
oat protein substitution. 

Two succinylated oat protein products, globulin 
and oat isolates, were compared to pea and soy pro- 
tein isolates with respect to their performance in the 
model wiener systems (Table 7). A good cook yield 
was obtained for all proteins, except succinylated oat 
isolate in the pork wiener system. Similar to oat pro- 
teins, pea and soy proteins gave better texture in pork 
than  in beef wiener system. In general, the modified 
oat protein had performance characteristics quite 
comparable to the other two plant proteins studied. 
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FIG. 5. Ef fec t  o f  subs t i tu t ing  m e a t  w i t h  n a t i v e  and suc- 
c i n y l a t e d  oat  prote in  on  cook y ie ld  o f  b e e f  w i e n e r s .  A, 
nat ive;  4 ,  succ iny lated .  

FIG. 7. Effect  o f  subs t i tu t ing  m e a t  w i t h  na t ive  and suc- 
c i n y l a t e d  oat  pro te in  on  f i r m n e s s  o f  pork  w i e n e r s .  A, 
nat ive;  4,  succ iny lated .  
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T A B L E  7. 

P e r f o r m a n c e  o f  S o m e  V e g e t a b l e  P r o t e i n s  in 
Mode l  W i e n e r  S y s t e m s  a 

Protein Wiener Cook yield Cohesiveness Firmness 
(% control) (% control) (% control) 

Pea protein Beef 95.6 82.6 77.5 
isolate Pork 95.6 81.7 82.8 

Soy protein Beef 96.5 81.0 83.0 
isolate Pork 95.2 105.3 96.2 

Succinylated Beef 94.2 75.2 76.9 
oat globulin Pork 96.1 78.7 88.1 

Succinylated Beef 95.5 73.3 70.5 
oat isolate Pork 91.2 103.8 94.0 

aAverage of three determinations. 

The present  da t a  show tha t  some funct ional  prop- 
erties of  oat  proteins, par t icular ly  solubility and emul- 
s i fy ing properties,  can  be s ign i f ican t ly  improved  by 
acyla t ion,  l inoleate or t ryps in  t reatment .  Most  of 
these improvemen t s  can  be a t t r ibuted to changes  in 
the phys icochemica l  properties of oat  proteins result- 
ing  f rom al tered confo rma t ion  and  an  increase  in net  
charge.  The  func t iona l i ty  improvement  will enhance  
the use of this nut r i t iona l ly  superior protein in m a n y  
fabr icated food systems.  
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