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Functional  properties (solubility, foaming capacity and 
stability, emulsifying capacity, emulsion stability, heat 
coagulability, heat gelation and film formation) of  protein 
extracted by 45% ethanol/55% 0.1 M NaOH from flaked, 
defatted, undegermed corn during the Sequential Extrac- 
t ion Process (SEP) were evaluated and compared with 
those  of a laboratory-prepared soy protein concentrate. 
SEP is a new approach to corn fractionation that recycles 
the ethanol produced from the fermentation of cornstarch 
to upstream steps of protein extraction and the simultane- 
ous extraction of corn oil and dehydration of the ethanol. 
Freeze-dried corn protein extracts contained at least 80% 
crude protein (dry basis), which is indicative of protein con- 
centrates. SEP protein concentrates had solubilities in 
water of greater than 80% at pH values of  7 or above and 
were significantly more soluble than the soy protein con- 
centrate at pH above 3. SEP corn proteins also showed 
better heat stabilities and greater emulsifying capacities 
and emulsion stabilities. Dilute dispersions (0.1%) of corn 
protein produced substantial  but less stable foams.  Corn 
proteins produced fi lms similar to zein and soy protein 
fi lms but were unable to form heat-induced gels. These 
results indicate that  SEP produces a protein concentrate 
with functional properties suitable for food and industrial 
u s e s .  

KEY WORDS: Corn, corn protein, functional properties, maize, pro- 
tein concentrate. 

Proteins provide a variety of useful functions in food ap- 
plications. In addition to providing needed nutrients in the 
diet, they also contribute to the improvement of sensory, 
stability and shelf-life requirements that consumers and food 
processors demand. Some of these functional attributes in- 
clude emulsification, foaming, water and fat binding, gela- 
tion and thickening, and film formation. 

The importance of proteins in the food industry is evi- 
denced by the growth and size of the protein ingredient 
market. In 1989, the protein ingredient market was esti- 
mated at 1.3 billion lb with a 4% annual growth rate (Frost 
& Sullivan Ina, personal communication). Traditional pr~  
teins from animal sources, such as casein, whey and egg, 
are still widely used with an estimated value in 1989 of over 
$500 MM. Vegetable proteins, however, were used in signifi- 
cantly greater amounts and showed the greatest overall 
growth rate (4.5% vs. 2.1%). The estimated valu~ however, 
was almost equivalent to those from animal sources. The 
factors that  determine whether a protein will be used in a 
specific food application are the protein's functional proper- 
ties, availability and cost (1). In light of this statement, the 
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greater use and growth rate of proteins from vegetable 
sources can be accounted for by the lower price relative to 
animal sources and the improved functionality of these pr~ 
teins through increased knowledge in processing and pro- 
tein modification. 

Soy proteins are the undisputed leaders in the amounts 
used in food products. In 1989, it was estimated that  soy 
protein accounted for over 75% of all proteins used as food 
ingredients and for 90% of all vegetable proteins used (Frost 
& Sullivan Ina, personal communication). The unique func- 
tional attributes and the availability of soy proteins, in ad- 
dition to improvements in processing and functionality, ac- 
count for their position as the industry leader. Other veget- 
able proteins of note include wheat gluten and pea  

Notably absent from this list of vegetable proteins used 
in food applications are those derived from another major 
commodity grown in the United States, corn. There are 
several key attributes of most proteins derived from corn 
processing that  makes them unsuitable for a majority of 
food applications. First of all, the process by which most 
corn proteins are produced, wet-mining (2,3), renders them 
unsuitable for a majority of food applications (4). Wet mill- 
ing is the preferred method for obtaining starch from corn. 
The starch is converted into other products for rapidly grow- 
ing markets, such as high-fructose corn syrup and fuel 
ethanol. A key ingredient, S02, is used during the steep- 
ing process to facilitate the separation of the starch from 
the starch-protein matrix in the endosperm. The SO2, un- 
fortunately, negatively affects the functional and edible pro- 
perties of the proteins and makes them unsuitable for food 
use (4). The proteins are sold primarily in the commodity 
feed markets as corn gluten feed (21% protein minimum) 
and corn gluten meal (60% protein minimum) (2,3). 

Secondly, corn proteins are not very soluble in water. One 
of the major proteins in corn is zein, which comprises 41% 
of the total protein in corn and 50% of the endosperm pro- 
teins (5). Zein is classified as a prolamine, a protein that  is 
soluble in aqueous ethanol and relatively insoluble in water. 
The relatively high level of this protein limits corn protein 
solubility in water, thereby limiting its use in water-based 
systems such as food products. 

Finally, corn protein has a yellow color and a relatively 
strong "corn" flavor associated with it. For many food uses, 
the protein should not impart any additional flavor and color 
that could cause problems in the formulation of the product. 

A radically different corn processing method, the Sequen- 
tial Extraction Process (SEP), extracts a corn-protein frac- 
tion with quality and functional attributes that  are well 
suited for some food applications. In SEP, the protein is ex- 
tracted with a solvent mixture of 45% ethanol/55% 0.1 M 
NaOH from undegermed, flaked corn previously defatted 
with 95% ethanol Preceding research by Hojilla-Evangelista 
et at (4,6) has shown that, compared with corn gluten meal~ 
this product (i) has a greater protein content, 80% vs. 60%; 
(ii) contains more of the limiting amino acid lysine and other 
essential amino acids; (iii) is light in color; (iv) has a bland 
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flavor, and (v) is considered food-grade because all chemicals 
employed in the process were food-grad~ and no SO2 was 
used. 

Although the aforementioned attributes clearly show the 
potential for food uses, no data on functional properties of 
the SEP corn proteins have been reported. The objectives 
of the present work are to characterize selected functional 
properties of the SEP protein concentrate and to compare 
them with the properties of a soy protein concentrat~ 

EXPERIMENTAL PROCEDURES 

SEP. SEP of corn was performed according to the pro- 
cedure of Hojilla-Evangelista et al. (4,6). After oil extrac- 
tion, the protein was extracted from the marc by using 
45% ethanol/55% 0.1 M NaOH (15 mL per gram of corn). 
The mixture was ground for 1.5 min at full speed and then 
allowed to soak for 2 h. After soaking, additional solvent 
was added for a total  ratio of 15 mL solvent per gram of 
corn. The mixture was blended fur ther  for 30 s and then 
transferred to centrifuge bottles. The capped bottles were 
placed in a shaking water bath  at 55~ for 2 h and then 
centrifuged at 1050 X g for 5 min to separate the protein- 
containing supernatant  and the fiber/starch residue. The 
protein extract  was dialyzed against  water, ultrafiltered 
through a 10-kdal membrane, and then freeze-dried to 
recover the protein-rich solids. 

Moisture and protein analysis. The moisture content  of 
the protein was determined by the Karl Fischer t i t ra t ion 
method (7). The protein contents were determined by both  
the Kjeldahl (AACC Standard Method 46-08) (8) and 
Biuret methods (9). 

Functional properties. The tests  to evaluate solubility, 
foam capacity and stability, and heat coagulability of the 
protein were modifications of procedures reported by 
Balmaceda et al. (10). 

Solubility. Aqueous solutions containing 1% protein 
(dry basis) were stirred for 7 min, adjusted to pH 3.0, 4.5, 
6.0, 7.0, 8.5 or 10.0 and centrifuged at  10,000 • g for 15 
rain. The amount  of protein in the supernatant  was deter- 
mined by the Biuret method. The percent soluble protein 
was calculated from the amount  of soluble nitrogen (g N 
X 6.25) in the supernatant .  

Foaming capacity and stability. The method (10) was 
modified for small sample volumes. Five mL of a 1% pro- 
tein solution, adjusted to pH 7.0, was pipetted into a 
graduated column equipped at the bot tom with a coarse 
fr i t ted disk. Air was introduced into the column bot tom 
at a flow rate of 100 mL/min at 20 psi. Timing s tar ted at  
the first appearance of air bubbles, and foam volume after 
1 min was used to measure foaming capacity (mL). Foam 
stability was obtained from the percentage of the original 
foam remaining after 15 min. 

Heat  coagulability. Solutions containing 2% protein 
(dry basis), adjusted to pH 7, were centrifuged at 10,000 
X g for 15 min. The protein content  of the supernatant  
was determined by the Biuret method. A 10-mL aliquot 
of the supernatant  was heated at 90-100~ for 20 min, 
cooled to room temperature  and again centrifuged at 
10,000 • g for 15 rain. The supernatant  was filtered 
through a Whatman  No. 2 filter paper, and the amount  
of protein in the fil trate was measured by the Biuret 
method. Heat  coagnlability was expressed as the percent- 
age loss in solubility after heating. 

Film-forming ability. The film-forming properties of the 
protein were evaluated by following precisely the pro- 
cedures outlined by Balmaceda et al. (10). 

Emuls i fy ing  capacity. The analysis of the emulsifica- 
tion capacity of the protein was largely based on the pro- 
cedure of Hung  (11). Fif ty  mL of 1% protein solution at 
about 0~ was mixed with oil at 12,000 rpm by a Biomix- 
er T M  (Model M 122; Biospec Products,  Bartlesville, OK) 
until  inversion of the emulsion occurred. Emulsifying 
capacity was the amount  of oil (g) needed for 1 g of pro- 
tein to reach its capacity. 

Emuls ion stability. The stabili ty of the emulsions were 
measured by following the procedures outlined by Pearce 
and Kinsella (12). 

RESULTS AND DISCUSSION 

Protein analyses. The data  in Table 1 show the results of 
the protein analyses of the freeze-dried protein concen- 
trate. Data  from the Kjeldahl analyses ver i fed  previous 
results by Hojilla-Evangelista et al. (4) tha t  the protein 
content  was greater than 80%, which classifies the pro- 
tein as a concentrate. Due to the small amount  of corn 
and soy protein available for analysis in some func- 
t ionality experiments (solubility and heat  coagulability) 
the Biuret  method was used in place of the Kjeldahl pro- 
cedure. The results in Table 1 show tha t  the Biuret test  
had higher standard deviations and lower total protein 
measured, but  these results were not  significantly dif- 
ferent from the Kjeldahl values. The data also showed that  
the soy protein concentrate has a significantly higher pro- 
tein content  than those from corn. 

Solubility profile. Functional i ty  has been defined as 
"any proper ty  of a food or food ingredient, except nutri- 
tional ones, tha t  affect its utilization" (13). Solubility has 
been judged by many to be the single most  important fac- 
tor  affecting protein functionality in foods (14). Soluble 
protein is the amount  tha t  dissolves completely and 
disperses thoroughly (10,15). The S EP  corn protein con- 
centrates were markedly more soluble than the freeze- 
dried soy protein concentrate at pH values above 3. More 
than 80% of the corn protein remained soluble in water 
at pH above 7 (Fig. 1). This result is probably due to the 
presence of albumin and globulin proteins as well as 
glutelins (4). The high degree of solubility also indicates 
tha t  little denaturat ion of the proteins occurred during 
protein recovery. This behavior was surprising because 
most  proteins are denatured and insolubilized when ex- 
posed to hot aqueous ethanol. The data  indicate tha t  we 
have recovered a corn protein concentrate tha t  is highly 
soluble within the pH range found in most  food systems. 

Foaming properties. Foaming is important  for proteins 
in some food applications, such as whipped toppings, 
baked products  and frozen desserts. The foam volumes 
produced by dilute (0.1%) solutions of corn protein con- 
centrates were significantly greater than  tha t  produced 
by the same concentration of soy protein concentrate 
(Table 2). Increasing the concentrat ion to 1% reduced the 
foam volumes for the corn protein but  substantially in- 
creased tha t  of the soy protein concentrate (Table 2). The 
foam volumes produced by  0.1% corn protein solutions 
were nearly equal to tha t  produced by 1% soy protein con- 
centrate. The corn protein foams, however, were unstable 
and collapsed readily (Table 2). Lit t le  or no corn protein 

JAOCS, Vol. 71, no. 11 (November 1994) 



FUNCTIONAL PROPERTIES OF PROTEIN 

1203 

TABLE 1 

Moisture and Protein Contents of Freeze-Dried Sequential Extraction Process (SEP) 
Corn Protein Concentrates and Laboratory-Prepared Soy Protein Concentrate a 

Protein concentrate source 

Crude protein content 

Moisture content (% db) 
(%) Kjeldahl b Biuret 

Soft dent corn (SEP) 
Medium-hard dent corn (SEP) 
High-lysine corn (SEP) 
Soybean (acid-washed) 

5.3 • 4.1 83.1 • 0.6 81.4 • 1.7 
4.4 _ 3.2 81.8 • 0.7 80.3 • 4.0 
3.6 • 2.1 82.9 • 1.5 77.8 _ 4.2 
7.0 • 1.2 no data 85.5 • 3.0 

aGrand mean of three analyses. 
b% N • 6.25. 
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FIG. 1. Solubility profiles of freeze-dried corn and soy protein con- 
centrates Ivalues are means of duplicate determinations). 

foam r ema ined  after  15 min.  I nc r ea s ing  the  corn  pro te in  
concen t r a t i on  to 1% only  marg ina l l y  improved  foam 
stability, and  there was no corresponding increase in foam 
volume. 

For an adequa t e  foam to form, the  in terfacia l  behav ior  
of the  p ro te in  m u s t  be such t h a t  i t  i n t e rac t s  wi th  water  
(polar) a nd  air (nonpolar)  to reduce the  h igh  surface ten- 
sion between the water  molecules su r round ing  the air bub- 
bles {13,16}. The  in terfacia l  p ro te in  layer t h e n  confers 
s t ab i l i t y  to the  foam after  format ion .  This  requires  some 
d e n a t u r a t i o n  of the  prote in  du r ing  the  "whipp ing"  phase  
and  the  need  for the  appropr ia te  a m o u n t  a nd  correct  
ordering of hydrophobic and  hydrophilic amino  acids. The 
foaming  proper t ies  of the  S E P  pro te in  sugges t  t h a t  the  
amino  acid compos i t ion  and  pro te in  con fo rma t ion  can  
develop a foam wi th  adequa te  volume; however, the  same  
conformat ional  s t ruc ture  and  amino acid residues may  not  
be suff ic ient  to s tabi l ize  the  foam. 

Emulsifying properties. Emuls i fy ing  capaci ty  is defined 
as the  m a x i m u m  a m o u n t  of l ipid emuls i f ied  by  a pro te in  
d ispers ion  (17). The  pro te in  concen t ra t e s  f rom soft 
(Pioneer 3377} and  med ium-hard  (Pioneer 3732) den t  corn 
had markedly  greater  emuls i fy ing capacities t h a n  the  pro- 
te in  concen t r a t e  f rom ei ther  high- lysine corn or soybean  
(Table 2). 

E m u l s i o n  s t ab i l i t y  index (ESI) is defined as the  u n i t  
weight  of l ipid s tabi l ized  per u n i t  weight  of p ro te in  (11). 
E SI values indica ted  t h a t  the  corn protein  emuls ions  were 
stable, wi th  soft  d e n t  corn  pro te in  showing  the  g rea tes t  
emuls ion  s t ab i l i ty  (Table 2). Soy prote in  E S I  could no t  be 

TABLE 2 

Selected Functional Properties of Soy and Sequential Extraction 
Process Corn Protein Concentrates a 

Protein concentrate source 

Soft dent Hard dent High-lysine 
Functional property corn corn corn Soybean 

Foam stability b (%) 
0.1 
1.0 

Foam capacity c (%) 
0.1 
1.0 

Emulsifying capacity d 
Emulsion stability index e 
Heat coagulability at 100~ f 

2 b • 2 2 b • 1 0 b • 1 10 a • 1 
11 c • 6 35 b • 8 6 c • 1 98 a • 1 

144 a • 0 146 a • 5 124 b • 12 53 d • 3 
1075'c _ 24 98 c • 4 70 d • 0 147 a • 4 

878 a _ 12 861 a • 43 7105 • 39 6385 • 8 
198 a • 3 1195 • 11 1055 • 4 no data 

55 • 1 55 • 2 55 • 3 36 a • 0 

aValues are means of duplicate determinations. Means across columns 
same superscript are not significantly different at P < 0.05. 
bpercent remaining foam after 15 min. 
CmL of foam. 
dGrams oil/g protein. 
eMinutes. 
fPercent loss in solubility. 

followed by the 
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de te rmined  because  i ts  emuls ion formed two layers 
shor t ly  after  blending.  

For  proteins to stabilize emulsions,  the protein m u s t  be 
able to  adsorb  into the  o i l -water  interface and rear range  
i ts  confo rma t ion  such t h a t  the  hydrophobic  residues are 
in the  oil phase  and  the  hydrophil ic  residues are in the  
water  p h a s e  Furthermore,  the protein forms a film around 
the  oil and suspends  it in the  water  phase  in the  fo rm of 
droplets.  The emuls i f icat ion d a t a  indicate  t h a t  the  S E P  
protein  concent ra tes  have these  a t t r ibu tes  to  an even 
grea ter  ex ten t  t h a n  the  freeze-dried soy prote in  concen- 
trate.  

H e a t  coagulability. H e a t  coagulabi l i ty  of the  prote in  
was  expressed as the  pe rcen tage  loss in solubil i ty af ter  
hea t ing  at  100~ for 20 min. The S E P  corn prote in  con- 
centra tes  showed greater  hea t  stabilit ies t han  did the  soy 
prote in  concen t ra te  (Table 2), ano ther  indicat ion of the  
solubi l i ty  of the  prote in  as well as its s tabi l i ty  dur ing  
heat ing.  

H e a t  gelation. Prote in  gela t ion is typ ica l ly  caused  by  
the  par t ia l  dena tu ra t ion  of the  prote in  followed by  reag- 
gregat ion or reassociat ion (13,17). Factors  such as protein 
conformat ion,  disulfide linkages, calcium conten t  and hy- 
drophobic i ty  have all been repor ted  to  play a role in a pro- 
te in  being able to  fo rm a gel. 

The  soy prote in  concen t ra te  fo rmed a firm, solid gel, 
while the  S E P  corn  prote in  concen t ra te  formed only a 
v iscous  liquid. The  prote in  classes needed for gel forma- 
t ion may  be present  in insufficient amoun t s  or are entirely 
lacking  in the  S E P  corn  prote in  concentrate .  

Fi lm formation.  Glossy, t r ans lucen t  films similar to 
those made from zein or soy protein were produced by  corn 
protein concentra tes  dissolved in water  at  p H  7. The S E P  
corn  protein films were also more  br i t t le  t han  ei ther  the  
zein or soy prote in  film. 
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