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(57) ABSTRACT 

In one aspect, the invention provides a method of extracting 
arabinoxylan from corn ?ber Wherein the method comprises 
the steps of: (a) heating an aqueous mixture of corn ?ber and 
a liquid; (b) contacting the mixture of step (a) With a 
protease enzyme, thereby providing a proteolyZed corn ?ber 
and a liquid; (c) separating the liquid from the proteolyZed 
corn ?ber; (d) contacting the proteolyZed corn ?ber at least 
once With an alkaline extractant, thereby providing an 
insoluble cellulose material and a liquid comprising arabi 
noxylan; (e) separating the insoluble cellulose material from 
the liquid comprising arabinoxylan; and reducing the 
volume of the liquid comprising arabinoxylan by removing 
excess alkaline extractant, thereby providing a concentrated 
liquid comprising from about 10% to about 50% solids, 
Wherein the solids comprise arabinoxylan. In a further 
aspect, the invention provides methods of preparing novel 
arabinoxylan esters and ethers. Still further, the invention 
provides novel arabinoxylan esters and ethers. 
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CORN FIBER FOR THE PRODUCTION OF 
ADVANCED CHEMICALS AND MATERIALS: 
ARABINOXYLAN AND ARABINOXYLAN 
DERIVATIVES PREPARED THEREFROM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority to US. Provisional 
Patent Application Ser. No. 60/119,399, ?led on Feb. 10, 
1999. This provisional patent application is herein incorpo 
rated by this reference is its entirety. 

FIELD OF THE INVENTION 

[0002] The present invention pertains to corn ?ber. More 
particularly, the invention pertains to methods of extracting 
arabinoxylan from corn ?ber. In a further aspect, the inven 
tion pertains to methods of preparing novel arabinoxylan 
esters and ethers. 

BACKGROUND OF THE INVENTION 

[0003] In the future, it Will become increasingly important 
to develop consumer products from reneWable resources, 
especially from annually reneWable resources. Corn is one 
example of an annually reneWable resource that serves as a 
source of valuable consumer products. Products derived 
from corn serve an important role in providing useful 
foodstuffs to the public. Corn provides important products, 
such as high fructose corn syrup, ethanol, grain and corn oil, 
While a large percentage of the total portion of corn is 
utiliZed to manufacture these substances, as Well as other 
high value products, a signi?cant fraction of corn is utiliZed 
for relatively loW value products, such as animal feed. 
Technology that Would alloW a higher value utiliZation of the 
remaining fractions of corn Would provide increased value 
overall from the entire useable portions of corn. 

[0004] Corn ?ber is one under-utiliZed fraction of corn. 
Corn ?ber is obtained as a major by-product of the milling 
of corn. Corn ?ber comprises the outer hull portion of the 
corn kernel. It has been estimated that approximately 7 to 10 
billion pounds of corn ?ber are produced annually in the 
United States. The ?ber is produced at milling facilities and 
is collected as a relatively homogeneous fraction. 

[0005] A major source of corn ?ber is the Wet milling of 
corn. During this process, the higher value products are 
removed from corn, such as the germ of the kernel. After 
extraction of the high value products, the remainder, Which 
generally constitutes corn ?ber, is mixed With steep liquor, 
also a by-product of corn milling. The mixture of ?ber and 
liquor is then normally dried, pelletiZed and sold as gluten. 

[0006] Another source of corn ?ber is dry milling; corn 
?ber obtained from dry milling is often referred to as “corn 
bran.” The bran by-product of dry milled corn ?ber, com 
posed primarily of hull, is mixed With other corn by 
products and sold as hominy. 

[0007] Both gluten feed and hominy feed are fairly loW 
value products. Nonetheless, these products have generally 
been the only commercial products prepared from corn ?ber. 
Given the loW margins of such products made from corn 
?ber, it is not uncommon for corn ?ber to be disposed of 
outright, instead of undertaking the effort to prepare such 
loW-value products. 
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[0008] Corn ?ber makes up a signi?cant (5 to 10 Wt. %) 
portion of the total Weight of the corn kernel. Corn ?ber 
itself is made up of a number of components most of Which, 
if extracted, can be commercially valuable. Speci?cally, 
corn ?ber consists primarily of residual starch (10 to 25 Wt. 
%), hemicellulose (40 to 50 Wt. %), cellulose (15 to 25 Wt. 
%), phenolic acids (3 to 5%), With the remainder present as 
proteins and oils. (See Wolf, et al. Cereal Chemistry, 
30(1953), pp. 195-203; Chanliaud, et al., J. Cereal Science, 
21(1995), pp. 195-203.) The variations in the reported 
composition are believed to be due to corn plant variety and 
groWth conditions, as Well as the speci?c methods utiliZed to 
isolate the corn ?ber. 

[0009] Hemicellulose is a component of corn ?ber that has 
been of interest commercially. A number of references 
disclose the extraction of hemicellulose from corn ?ber. 
HoWever, most previous attempts to obtain useful products 
from corn ?ber have focused almost entirely on methods to 
extract hemicellulose from corn ?ber and the properties, 
particularly the color, of the hemicellulose obtained. These 
attempts to extract hemicellulose Were likely initiated by the 
fact that hemicellulose has several valuable properties that 
make it attractive for a number of applications. In a non 
exclusive list, some uses for hemicellulose include non-toxic 
adhesives, thickeners, emulsi?ers, stabiliZers, ?lm formers 
and paper additives. (See e.g., Whistler, Industrial Gums, 3d 
Ed., Academic Press, 1993, pp. 295-308; US. Pat. No. 
2,772,981; Wolf, et al. Cereal Chemistry, 30(1953), pp. 
451-470.) 
[0010] As indicated by these, as Well as other references, 
hemicellulose can be quite dif?cult to extract from corn 
?ber. Because corn ?ber hemicellulose is soluble in H2O, it 
Would be expected that hemicellulose Would be fairly easy 
to extract from corn ?ber utiliZing Water or some other 
non-aggressive solvent. This is not the case, hoWever. 
Hydrogen bonding and physical entanglement of the hemi 
cellulose With the corn ?ber matrix are believed to be in part 
responsible for the dif?culty in extraction. Other reasons for 
the dif?culty in extractability may be due to cross-inking of 
the hemicellulose to other components of the corn ?ber cell 
Wall via covalent bonds betWeen esteri?ed phenolic acid 
residues and arabinose residues. Protein-polysaccharide 
linkages may also affect the ability to extract hemicellulose 
from corn ?ber. 

[0011] Most previous attempts to extract hemicellulose 
from corn ?ber have focused on the use of strongly alkaline 
materials. This is not surprising, as one de?nition of hemi 
cellulose is the portion of plants that is extractable by hot 
alkali treatment. 

[0012] Various references disclose techniques to extract 
hemicellulose. For example, US. Pat. No. 2,709,699 dis 
closes extraction of corn ?ber With aqueous alkali at a pH of 
from 9 to 13 at from 90 to 115° C. for a time suf?cient to 
solubiliZe hemicellulose so that it can be extracted. In this 
reference, the hemicellulose Was isolated by adjusting the 
solution pH With an inorganic acid, folloWed by precipita 
tion of the hemicellulose in ethanol, ?ltering to remove the 
hemicellulose and drying. 

[0013] In another reference disclosing the extraction of 
hemicellulose from corn ?ber, US. Pat. No. 4,038,481, corn 
?ber is treated With alkali to solubiliZe the hemicellulose. 
The hemicellulose is then precipitated With a Water miscible 
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organic solvent. The solvents utilized are acetone, methanol, 
ethanol, propanol, isopropanol, isobutyl alcohol, tert-butyl 
alcohol, or a mixture thereof. There is no disclosure of 
precipitation With acetic acid in this reference. 

[0014] Arecent reference, WO98/40413, discloses extrac 
tion of hemicellulose by heating corn ?ber With alkaline 
hydrogen peroxide; the peroxide may be added at the same 
time or after an alkaline material, such as NaOH or 
Ca(OH)2, is added. Signi?cantly, WO98/40413 discloses the 
hemicellulose extractant as being heated in the presence of 
the alkaline hydrogen peroxide in order to obtain a suitably 
White hemicellulose poWder from the precipitation step. 
HoWever, this method is exceedingly dangerous to practice 
on an industrial scale because of excessive emissions of gas 
Which may lead to signi?cant foaming of the strongly 
alkaline materials and possibly to explosions. 

[0015] Furthermore, although hemicellulose itself is a 
valuable product, the sub-components of hemicellulose are 
of even higher value. No reference has been located Which 
addresses the extraction of these valuable sub-components 
from corn ?ber. With the invention herein, it has been found 
that hemicellulose obtained from corn ?ber may be sub 
jected to further processing to provide carbohydrate frac 
tions of very high value. That is, in accordance With the 
invention herein, it has been found possible to extract a 
number of valuable monosaccharide materials from corn 
?ber. Also in accordance With the invention herein, it has 
been found that hemicellulose from corn ?ber may be 
derivatiZed to form corn ?ber arabinoxylan esters and ethers. 
Methods of processing corn ?ber hemicellulose in such a 
manner are not believed to be disclosed in the prior art. 

[0016] Other than to obtain hemicellulose, there have been 
feW attempts to exploit the remaining components of corn 
?ber. A notable recent exception relates to corn ?ber oil. 
Corn ?ber oil contains a signi?cant portion of plant sterol 
esters. These materials have been reported to be useful as 
nutraceuticals, particularly as hypocholesterolemics. At this 
time, rice bran oil and tall oil are the major source of plant 
sterol esters utiliZed for commercial purposes. 

[0017] Rice bran has been reported to contain approxi 
mately 18 Wt. % extractable oil. Of this amount, 0.1 to about 
0.8 Wt. % comprises a ferulate ester, meaning that rice bran, 
at most, contains only about 0.08 Wt. % ferulate ester. 
Moreover, the phytosterol esters in rice bran oil are primarily 
gamma-oryZanols, Which are believed to be less effective as 
hypocholesterolemics. 

[0018] In contrast, corn ?ber oil has been shoWn to contain 
approximately 0.54 to 3.5 Wt. % extractable oil and, of this, 
about 6.75 Wt. % is a ferulate ester. Corn ?ber therefore 
comprises about 0.12 Wt. % ferulate ester, a signi?cantly 
higher amount of ferulate ester than is present in the most 
commercially utiliZed source of hypocholesterolemic oils 
Which are obtained from rice bran. 

[0019] Arecent patent, US. Pat. No. 5,843,499, discloses 
the extraction of corn ?ber oil from ?nely ground corn ?ber 
by utiliZing either hexane or supercritical CO2 as a solvent, 
With hexane being preferred. In this reference, the degree of 
grinding Was demonstrated to be critical in determining the 
amount of oil obtained from the corn ?ber, With a ?ner 
grinding of the corn ?ber resulting in a greater amount of oil 
extracted. Drying of the corn ?ber Was also found to be 
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highly signi?cant to the invention, presumably because 
When the corn ?ber is Wet, the hexane extractant Will not 
adequately penetrate the ?ber so as to alloW satisfactory 
extraction. HoWever, because a drying step is expensive and 
time consuming on an industrial scale, it Would be highly 
bene?cial to be able to extract phytosterol esters from corn 
?ber directly Without the need for an additional drying step. 

[0020] As noted, cellulose forms a signi?cant portion of 
corn ?ber. HoWever, cellulose has not been isolated from 
corn ?ber in a form suitable for derivatiZation into higher 
value products, such as cellulose esters and cellulose ethers. 
This is not surprising because the prior art indicates that high 
purity cellulose Was not obtained from the previously uti 
liZed methods. For example, US. Pat. No. 4,038,481, dis 
cussed previously, discloses that the cellulose obtained 
according to the methods therein contained about 35 Wt. % 
contaminates Which Were believed to be present in the form 
of insoluble hemicellulose. This contamination Would make 
it dif?cult, if not impossible, to utiliZe the cellulose obtained 
according to the methods of the ’481 patent for preparation 
of cellulose derivatives. 

[0021] In summary, no knoWn reference addresses meth 
ods to obtain maximum utiliZation of the various compo 
nents of corn ?ber. Instead, the references have focused 
speci?cally on the optimiZation of hemicellulose color, and, 
separately, on methods to extract oil from corn ?ber. While 
these are valuable objectives in and of themselves, in order 
to make the use of corn ?ber an economically viable process, 
it is necessary to utiliZe as many components of corn ?ber 
as possible. Furthermore, it is necessary to develop methods 
to separate each of these valuable components individually 
While leaving the remainder of the corn ?ber so that the 
further components can be ef?ciently extracted in order to 
maximiZe value. 

SUMMARY OF THE INVENTION 

[0022] In one aspect, the invention provides a method of 
extracting arabinoxylan from corn ?ber Wherein the method 
comprises the steps of: (a) heating an aqueous mixture of 
corn ?ber and a liquid; (b) contacting the mixture of step (a) 
With a protease enZyme, thereby providing a proteolyZed 
corn ?ber and a liquid; (c) separating the liquid from the 
proteolyZed corn ?ber; (d) contacting the proteolyZed corn 
?ber at least once With an alkaline extractant, thereby 
providing an insoluble cellulose material and a liquid com 
prising arabinoxylan; (e) separating the insoluble cellulose 

material from the liquid comprising arabinoxylan; and reducing the volume of the liquid comprising arabinoxylan 

by removing excess alkaline extractant, thereby providing a 
concentrated liquid comprising from about 10% to about 
50% solids, Wherein the solids comprise arabinoxylan. 

[0023] In a further aspect, the invention provides a method 
of extracting arabinoxylan from corn ?ber Wherein the 
method comprises the steps of: (a) heating an aqueous 
mixture of corn ?ber and a liquid; (b) contacting the mixture 
of step (a) With a protease enZyme, thereby providing a 
proteolyZed corn ?ber and a liquid; (c) separating the liquid 
from the proteolyZed corn ?ber; (d) contacting the proteo 
lyZed corn ?ber at least once With an alkaline extractant, 
thereby providing an insoluble cellulose material and a 
liquid comprising arabinoxylan, Wherein the alkaline extrac 
tant does not comprise H202; (e) separating the insoluble 
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cellulose material from the liquid comprising arabinoxylan; 
and reducing the volume of the liquid comprising arabi 
noxylan by removing excess alkaline extractant, thereby 
providing a concentrated liquid comprising from about 10 to 
about 50% solids, Wherein the solids comprise an arabi 
noxylan. 

[0024] In yet a further aspect, the invention provides a 
method of extracting arabinoxylan from corn ?ber Wherein 
the method comprises the steps of: (a) heating an aqueous 
mixture of corn ?ber and a liquid; (b) contacting the mixture 
of step (a) With a protease enZyme, thereby providing a 
proteolyZed corn ?ber and a liquid; (c) separating the liquid 
from the proteolyZed corn ?ber; (d) contacting the proteo 
lyZed corn ?ber at least once With an alkaline extractant, 
thereby providing an insoluble cellulose material and a 
liquid comprising arabinoxylan; and (e) separating the 
insoluble cellulose material from the liquid comprising 
arabinoxylan, thereby providing a liquid comprising arabi 
noxylan. 

[0025] Afurther aspect of the invention provides a method 
of preparing arabinoxylan esters from corn ?ber Wherein the 
method comprises the steps of: (a) heating an aqueous 
mixture of corn ?ber and a liquid; (b) contacting the mixture 
of step (a) With a protease enZyme, thereby providing a 
proteolyZed corn ?ber and a liquid; (c) separating the liquid 
from the proteolyZed corn ?ber; (d) contacting the proteo 
lyZed corn ?ber at least once With an alkaline extractant, 
thereby providing an insoluble cellulose material and a 
liquid comprising arabinoxylan; (e) separating the insoluble 
cellulose material from the liquid comprising arabinoxylan; 
(f) reducing the volume of the liquid comprising arabinoxy 
lan by removing excess alkaline extractant, thereby provid 
ing a concentrated liquid comprising from about 10 to about 
50% solids, Wherein the solids comprise an arabinoxylan; 
(g) separating the arabinoxylan from the concentrated liquid; 
and (h) contacting the arabinoxylan from step (g) in a 
reaction mixture With a C1 to C10 esterifying agent in the 
presence of a catalyst, thereby providing an arabinoxylan 
ester. 

[0026] In further aspects, the invention provides novel 
arabinoxylan esters prepared from an essentially branched 
and Water soluble arabinoxylan consisting essentially of a 
Weight average molecular Weight of greater than about 
300,000. Further novel arabinoxylan esters are prepared 
from an arabinoxylan comprised of a xylan main polymer 
chain With at least tWo branches, Wherein the branches 
comprise groups of xylose, arabinose, galactose, glucou 
ronic acid, 4-O-methyl glucouronic acid, or a mixture 
thereof. Still further novel arabinoxylan esters are prepared 
from an arabinoxylan Which is essentially soluble in Water at 
a pH of from about 1 to about 14. 

[0027] In yet a further aspect, the invention provides a 
method of preparing arabinoxylan ethers from corn ?ber 
Wherein the method comprises the steps of: (a) heating an 
aqueous mixture of corn ?ber and a liquid; (b) contacting the 
mixture of step (a) With a protease enZyme, thereby provid 
ing a proteolyZed corn ?ber and a liquid; (c) separating the 
liquid from the proteolyZed corn ?ber; (d) contacting the 
proteolyZed corn ?ber at least once With an alkaline extrac 
tant, thereby providing an insoluble cellulose material and a 
liquid comprising arabinoxylan; (e) separating the insoluble 
cellulose material from the liquid comprising arabinoxylan; 
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(f) reducing the volume of the liquid comprising arabinoxy 
lan by removing excess alkaline extractant, thereby provid 
ing a concentrated liquid comprising from about 10 to about 
50% solids, Wherein the solids comprise arabinoxylan; and 
(g) contacting the arabinoxylan of step in a reaction 
medium With an O-alkylating agent, thereby providing an 
arabinoxylan ether. 

[0028] In yet further aspects, the invention provides novel 
arabinoxylan ethers prepared from an arabinoxylan consist 
ing essentially of a Weight average molecular Weight of 
greater than about 300,000. Yet further provided are novel 
arabinoxylan ethers prepared from an arabinoxylan com 
prised of a xylan main polymer chain With at least tWo 
branches, Wherein the branches comprise groups of xylose, 
arabinose, galactose, glucouronic acid, 4-O-methyl glucou 
ronic acid, or a mixture thereof. And, yet further provided 
are novel arabinoxylan ethers prepared from an arabinoxy 
lan soluble in Water at a pH of from about 1 to about 14. 

[0029] Additional advantages of the invention Will be set 
forth in part in the description that folloWs, and in part Will 
be obvious from the description, or may be learned by 
practice of the invention. The advantages of the invention 
Will be realiZed and attained by means of the elements and 
combinations particularly pointed out in the appended 
claims. It is to be understood that both the foregoing general 
description and the folloWing detailed description are exem 
plary and explanatory only and are not restrictive of the. 
invention, as claimed. 

[0030] The accompanying drawings, Which are incorpo 
rated in and constitute a part of this speci?cation, illustrate 
several embodiments of the invention and together With the 
description, serve to explain the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] FIG. 1 shoWs the corn ?ber destarching rate Where 
the data has been normaliZed relative to the total sugars 
extracted. 

[0032] FIG. 2 shoWs the initial corn ?ber destarching rate 
Where the data has been normaliZed relative to total sugars 
extracted. 

[0033] FIG. 3 shoWs the Carbon 13 NMR spectra of 
phytosterol ester isolated from destarched corn ?ber oil. 

[0034] FIG. 4 shoWs the caustic extraction rates of 
destarched corn ?ber measured in situ Where the solubiliZed 
arabinoxylan has been normaliZed to total extractables. 

[0035] FIG. 5 shoWs the isolated yield of hemicellulose 
for each extraction step in a continuous extraction of 
destarched corn ?ber. 

[0036] FIG. 6 is a photomicrograph of small particles that 
can often be present in liquids after caustic extraction of 
destarched corn ?ber. 

[0037] FIG. 7 shoWs a HPLC analysis of corn ?ber oil 
obtained by (a) hexane extraction of dry, unground, 
untreated corn ?ber; and (b) hexane extraction of dry, 
unground, amylase and protease treated corn ?ber. 

[0038] FIG. 8 shoWs a proton NMR spectrum of arabi 
noxylan and arabinoxylan methyl ether prepared from ara 
binoxylan. 
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[0039] FIG. 9 shows a proton NMR spectrum of the 
product obtained after 6.25 hours of hydrolysis of arabi 
noxylan at 100° C. 

[0040] FIG. 10 shoWs a carbon 13 spectrum of a selective 
hydrolysis of an arabinoxylan series in Which the most 
important resonances corresponding to either xylose or 
arabinose have been labelled. 

[0041] FIG. 11 shoWs a proton NMR spectra of arabinose 
obtained by crystalliZation of an arabinoxylan hydrolysis 
sample, Wherein the sample is compared to that for a knoWn 
arabinoxylan standard. 

[0042] FIG. 12 shoWs pulse test results for a L-arabinose/ 
xylose separation experiment. 
[0043] FIG. 13 shoWs pulse test results for a corn ?ber 
xylose/arabinose separation. 
[0044] FIG. 14 shoWs pulse test results from an arabinose/ 
ribose separation experiment. 

[0045] FIG. 15 shoWs pulse test results for xylose/arabi 
nose separation using a strongly anion exchange resin in the 
phosphate form. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0046] The present invention may be understood more 
readily by reference to the folloWing detailed description of 
preferred embodiments of the invention and the Examples 
included herein and to the Figures and their previous and 
folloWing descriptions. 

[0047] It must be noted that, as used in the speci?cation 
and the appended claims, the singular forms “a,”“an” and 
“the” include plural referents unless the context clearly 
dictates otherWise. Thus, for example, reference to “an 
aromatic compound” includes mixtures of aromatic com 
pounds, reference to “a carrier” includes mixtures of tWo or 
more such carriers, and the like. 

[0048] Ranges are often expressed herein as from “about” 
one particular value, and/or to “about” another particular 
value. When such a range is expressed, another embodiment 
includes from the one particular value and/or to the other 
particular value. Similarly, When values are expressed as 
approximations, by use of the antecedent “about,” it Will be 
understood that the particular value forms another embodi 
ment. 

[0049] A Weight percent of a component, unless speci? 
cally stated to the contrary, is based on the total Weight of the 
formulation or composition in Which the component is 
included. Further, unless otherWise noted, Weight percents 
are expressed as dry Weight. For example, When a compo 
nent is expressed as a Weight percent based upon corn ?ber, 
the Weight is based upon dry Weight of corn ?ber. 

[0050] Throughout this publication, Where publications 
are referenced, the disclosures of these publications in their 
entireties are hereby incorporated by reference into this 
application in order to more fully describe the state of the art 
to Which this invention pertains. 

[0051] Unless otherWise noted, the percent carbohydrate 
has been normaliZed to 100%. Abbreviations used herein or 
as folloWs: “Glu” is glucose; “Xyl” is xylose; “Gal” galac 
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tose; “Ara” is arabinose; “Man” is mannose, “DS” is the 
degree of substitution per monomer unit, “EtOH” means 
ethanol, “MeOH” means methanol, “HPLC” means high 
pressure liquid chromatography, “HOAc” or “AcOH” mean 
acetic acid and “nd” means not determined. The term 
“DS/CU” means Average Degree of Substitution/Carbohy 
drate Unit. The term “MS/CU” means Average Molar Sub 
stitution/Carbohydrate Unit. 

[0052] “ProteolyZed” means that the corn ?ber has been 
treated With a protease enZyme. “NonproteolyZed” means 
that the corn ?ber has not been treated With a protease 
enzyme. 

[0053] Hours is abbreviated as “h;” minutes are abbrevi 
ated as “min” 

[0054] The term “arabinoxylan” means that material 
extracted from corn ?ber after treatment With an alkaline 
extractant. Unless otherWise indicated, arabinoxylan 
obtained according to the methods herein may be comprised 
of either hemicellulose B or hemicellulose A or a mixture 
thereof. In some instances, Which Will be evident to one of 
ordinary skill in the art, the term “hemicellulose” is used 
interchangeably With the term “arabinoxylan.” 

[0055] In a ?rst major embodiment, the invention pertains 
to the separation of a corn ?ber lipid fraction having 
phytosterol esters and phytosterols Wherein the method 
comprises the steps of: a) heating an aqueous mixture of 
unground corn ?ber; b) contacting the mixture of step (a) 
With at least one enZyme suitable for digesting starch for a 
time and at a temperature suitable to provide a mixture of an 
essentially destarched corn ?ber and a liquid comprising 
soluble carbohydrates; c) contacting the mixture of step (a) 
or (b) With a protease enZyme to provide a proteolyZed corn 
?ber and a liquid; d) separating the liquid of step (c) from the 
corn ?ber, thereby providing destarched, proteolyZed corn 
?ber; and e) extracting the destarched, proteolyZed corn ?ber 
With at least one organic solvent, thereby providing a corn 
?ber lipid fraction/organic solvent solution having phy 
tosterol esters and phytosterols. 

[0056] In a further preferred embodiment, the invention 
pertains to the separation of a novel corn ?ber lipid fraction 
having phytosterol esters and phytosterols Wherein the 
method comprises the steps of: a) providing a mixture of 
corn ?ber and Water; b) contacting the mixture With a 
protease enZyme to provide a proteolyZed corn ?ber and a 
liquid; c) separating the liquid from the proteolyZed corn 
?ber; and d) extracting the proteolyZed corn ?ber With at 
least one organic solvent, thereby providing a corn ?ber lipid 
fraction/organic solvent solution having phytosterol esters 
and phytosterols. 

[0057] Corn ?ber generally comprises the outer portion of 
a corn kernel. Thus, in one embodiment, the invention herein 
alloWs that portion of corn that Would normally be throWn 
aWay or under-utiliZed as a loW-value product to be further 
processed to provide a number of high value materials. 

[0058] In a surprising discovery, With the invention herein, 
it is particularly preferable to utiliZe corn ?ber containing 
S02. That is, it has been determined that corn ?ber contain 
ing SO2 may be destarched as rapidly or more rapidly than 
corn ?ber not containing S02. This result is unexpected 
because it Would be thought that SO2 Would act as a biocide 
and thus retard the enZymatic degradation of starch. This 




























































































