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(57) ABSTRACT 

The invention is a corn product removal process that suc 
cessfully extracts oil and Zein from dry-milled corn. Oils and 
Zein are extracted from corn using ethanol. Corn solids are 
separated from the ethanol, oil and Zein mixture produced in 
the step of extracting. Thereafter, the ethanol, oil and Zein 
mixture are membrane ?ltered to restrain Zein from the 
mixture and pass an oil and ethanol mixture. At least one of 
Zein or oil is then selected to be separated for an output corn 
product. 
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CORN OIL AND PROTEIN EXTRACTION 
METHOD 

FIELD OF THE INVENTION 

[0001] The present invention generally concerns corn 
milling processes and machines. The invention speci?cally 
concerns multiple corn product milling processes and 
machines. 

BACKGROUND OF THE INVENTION 

[0002] There are tWo primary types of corn processing 
conducted presently, dry grind and Wet milling processes. 
The Wet milling processes are ef?cient in their use of corn 
since they produce numerous high value corn products, such 
as corn oil, starch, corn gluten meal, corn gluten feed, and 
corn steep liquor. HoWever, the Wet milling processes 
require very high capital investments in machinery. Dry 
grind processes are used to produce ethanol and animal feed. 
Animal feed is substantially less valuable than corn oil and 
Zein, Which are left in the animal feed produced by a dry mill 
process. Areason for existence of the dry grind plants to date 
has been government ethanol subsidies, Which are likely to 
disappear. 
[0003] Some methods to extract oil and Zein from dry mill 
corn have been proposed in the literature, but have yet to 
demonstrate efficiency meeting commercial production 
requirements. One type of proposed method is embodied in 
US. Pat. No. 4,716,218 and a “Sequential Extraction Pro 
cess” developed at IoWa State University. This type of 
method uses ethanol to extract oil and Zein. Evaporation is 
required to remove the ethanol, and then hexane-extraction 
to separate the oil from the Zein With further subsequent 
evaporation of the hexane from the oil. These are relatively 
complicated processes. They are also expensive due to their 
energy intensive nature. Signi?cant heating requirements 
result from the multiple required evaporations. Further, the 
evaporations create pollution concerns. 

[0004] Another proposed method to remove oil from dry 
milled corn is mechanical degermination. This method pro 
duces corn germ With less than approximately 50 percent oil. 
The germ must be subsequently processed to recover the oil. 
No ability to recover Zein is presented by this method, 
hoWever, and there is no knoWn utiliZation of the method to 
obtain corn oil and Zein in a manufacture scaled product. 

[0005] Thus, there is a need for an improved method 
capable of using dry grind corn, as Well as Wet milled corn 
product, to produce multiple corn products of value. It is an 
object of the invention to provide such a method. It is a 
further object of the invention to provide a method for 
extracting corn oil and protein, Which method is capable of 
utiliZing dry grind corn or Wet milled corn product through 
ethanol treatment With ?ltration. 

SUMMARY OF THE INVENTION 

[0006] The method of the present invention obtains valu 
able oil and Zein from various forms of corn to meet or 
exceed such needs. Membranes are relied up to ?lter valu 
able oils and proteins. Input to the corn process of the 
invention is corn of multiple forms. Ethanol is the only 
reagent utiliZed by the process, and conventional dry and 
Wet mill plants therefore already provide the necessary 
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reagent supply for implementation of the invention. The 
invention therefore serves as the basis for an add-on tech 
nology to existing dry mill or Wet mill plant, as Well as the 
basis upon Which neW dry mill and Wet plants may be 
constructed. Dry mill plants are likely to bene?t the most 
from the invention, since the invention provides Ways to 
extract more valuable corn oils and proteins from the corn 
While making use of the basic dry mill equipment and 
products of conventional dry mill plants. 

[0007] A plant modi?ed or constructed to implement the 
process of the invention uses high concentration ethanol, 
approximately 90-100% ethanol, to separate oil from the 
corn. The corn may be in any form, e.g., Wet mill product, 
dry ?akes, dry particles, or Whole kernels. Alternatively or 
additionally, Zein protein may be partially or substantially 
extracted using an ethanol extraction step With an ethanol 
concentration betWeen approximately 60 and 90%. The 
ethanol solution containing the extracted product is sepa 
rated from other corn solids by ?ltration or centrifugation. 
Synthetic semipermeable membranes are used to separate 
Zein from the oil, producing relatively pure oil and/or pure 
Zein. Additional membrane ?ltration is used to concentrate 
the oil and/or Zein, and to recover the ethanol for further use 
in processing, if desired. Recycled ethanol may then be used 
in additional extraction of oil and/or Zein, or may be used in 
a distillation operation if ethanol product is also being 
produced by the plant. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] Other features, objects and advantages of the 
invention Will be apparent to those skilled in the art from the 
folloWing detailed description and by reference to the draW 
ings, of Which: 

[0009] FIG. 1 illustrates corn oil production according to 
the principles of the present invention; 

[0010] FIG. 2 illustrates Zein production according to the 
principles of the present invention; and 

[0011] FIG. 3 illustrates combined oil and Zein production 
according to the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0012] The invention extracts oil and/or Zein from corn or 
corn processing by-products using ethanol, and relies upon 
membrane ?ltration to obtain high value oil and/or Zein 
concentrate. The extraction is done in a continuous coun 
tercurrent, co-current or mixed ?oW extraction system. The 
sole reagent relied upon by the process is ethanol, Which 
may be recycled for additional extraction or may be used to 
produce ethanol product. 

[0013] Referring noW to FIG. 1, shoWn is a How diagram 
of an oil concentrate extraction application of the invention 
to a dry mill ethanol plant. Corn or corn processing by 
products are input to a dry grind processing step 10. The 
corn may be, for example, Whole kernel or ?aked corn. If 
corn processing by-products such as DDG or DDGS (dis 
tiller dried grains, With solubles) or corn gluten meal or corn 
germ or corn meal is used, this step 10 may not be necessary. 
In all cases, moisture content of feed material should be 
0-14% by Weight. The corn and ethanol are mixed in step 16 
for extraction of oil. The temperature of extracting should be 
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50-90° C., preferably close to the boiling point of ethanol 
(78° C.) if 100% ethanol is used. The time of extraction 
should be 10-120 minutes, preferably 30 minutes if a batch 
extraction is done. 

[0014] A mixing step prepares the corn for a preliminary 
extraction step 16. Small processing plants might use batch 
extraction, and larger plants could use continuous-counter 
current extraction. Oil extraction uses ethanol of betWeen 
approximately 90-100% concentration, hoWever, it is noted 
that extraction at around 90% ethanol is highly inef?cient, 
and at least a 95% concentration is preferred. The ethanol is 
preferably supplied by the plant conducting the process of 
the invention, and, since it may be one of the corn products 
produced by application of the present process, a self 
sustaining supply is provided by the plant. No other reagent 
is required. 

[0015] A separation step 18, e.g., ?ltration or centrifuga 
tion, is conducted to remove corn solids from an ethanol, 
Zein, and oil mixture produced by the extraction step 16. The 
objective of the separation step is to remove substantially all 
suspended corn solids from the dissolved corn mixture of 
ethanol, oil and small portions of the ethanol-soluble protein 
Zein. Some Zein Will not be extracted from the corn solids. 
If Zein is a primary objective though, the ethanol concen 
tration may be adjusted Within the aforementioned 60-90% 
range to optimiZe Zein extraction. Generally, ethanol con 
centrations in the higher end of the range Will extract less 
Zein than ethanol concentrations in the loWer end of the 
range. 

[0016] The separated corn solids from step 18 are sub 
jected to a desolventiZing step 19 to remove any ethanol that 
may be adsorbed in the corn solids. The ethanol recovered 
from desolventiZing step 19 is recycled to the distillation 
section of the plant. The desolventiZed corn solids provide 
the necessary input for conventional ethanol production 
according to conventional techniques. Thus, in a plant 
embodying the invention, fermentation and distillation steps 
20 and 22 are preferably conducted to produce an ethanol 
supply for the extraction step 16. Fuel ethanol and distillers 
dried grains With solubles (DDGS—an animal feed) may 
also be output as product from a plant modi?ed or con 
structed to implement the invention. 

[0017] The ?ltrate from step 18 containing oil, ethanol, 
and co-extracted components such as Zein is then processed 
in a nano?ltration step 24 using a membrane to restrain oil 
While alloWing ethanol to pass through. Corn oil has a 
molecular Weight of about 800-900 daltons. Selection of an 
appropriate membrane is therefor straightforWard. Nano?l 
tration membranes that are stable in ethanol, such as those 
made by Koch Membrane Systems, Osmonics-Desal or 
USFilter can be used. The retentate from this step is corn oil 
concentrate While the permeate containing ethanol is 
recycled back for extracting or processed further by distil 
lation in step 22 or pervaporation in step 25. 

[0018] If necessary, the ?ltrate from step 18 can be ?rst 
passed through an ultra?ltration membrane 27 that Will 
restrain the Zein and other co-extracted components that are 
larger than the oil in molecular siZe. This ultra?ltration 
retentate can be further processed to produce Zein as a 
product or be sent to step 19 for desolventiZing and the Zein 
recycled back to the ethanol production section. The ultra 
?ltration permeate noW contains oil and ethanol Which can 
go to the nano?ltration step 24 as described earlier. 
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[0019] The retentate of the nano?ltration operation in step 
24 containing a concentrated oil in ethanol, may then be 
subjected to evaporation in step 28 to produce corn oil, While 
the ethanol vapors are recycled to the ethanol production 
section. 

[0020] Depending on the moisture content of the corn and 
the manner in Which the plant is operated, it is possible the 
ethanol extractant may absorb Water during the extraction, 
?ltration and membrane processing steps. This Water must 
be removed from the ethanol recycle streams to maintain its 
effectiveness for extracting oil. This can be done either by 
distillation as, for example, in a separate distillation column 
or in the distillation section of the ethanol plant. Water can 
also be removed from the recycle ethanol stream by another 
membrane technology knoWn as pervaporation in step 25. In 
any case, the ethanol must be adjusted to Within 90-100% 
ethanol concentration prior to being used in the extraction 
step 16. 

[0021] Referring noW to FIG. 2, the process of the inven 
tion for a plant primarily focused on Zein production is 
illustrated. Steps similar to those shoWn and discussed With 
respect to FIG. 1 are labeled With like reference numerals. 
The extraction step 16a uses a loWer concentration extrac 
tant than that Which is used in FIG. 1. The extractant should 
preferentially extract Zein from corn but not oil. Ethanol 
concentrations in the range of 60-90% ethanol in Water have 
been found effective, and a 70% ethanol, 30% Water extrac 
tant solution is preferred. The corn and ethanol-are mixed in 
step 16a for extraction of Zein. The temperature of extraction 
should be 25-65° C., (preferably 50° C.) if 60-70% ethanol 
is used. The time of extraction should be 10-120 minutes, 
preferably 30 minutes if a batch extraction is done. 

[0022] The extractant solution is obtainable from Within 
the distillation section of the plant or by adding Water to the 
output of the distillation step 22a. The ?ltration step 18a Will 
separate other corn solids for processing, if desired, as 
discussed above. For example, the separated corn solids 
from step 18a are subjected to a desolventiZing step 19a to 
remove any ethanol that may be adsorbed in the corn solids. 
The ethanol recovered from step 19a is recycled to the 
distillation section of the plant. The desolventiZed corn 
solids provide the necessary input for conventional ethanol 
production. 

[0023] The ?ltrate from step 18a containing oil, ethanol, 
and co-extracted components such as a small quantity of oil 
that may be soluble at certain ethanol concentrations, is then 
processed in a membrane ultra?ltration step 26 to restrain 
Zein While alloWing ethanol to pass through. Zein proteins 
have molecular Weights of about 12,000-40,000 daltons. 
Selection of an appropriate membrane With approximate 
molecular Weight cut-offs of 5000 to 20,000 daltons is 
therefore straightforWard. Ultra?ltration membranes that are 
stable in ethanol, such as those made by Koch Membrane 
Systems, Osmonics-Desal, Millipore or USFilter can be 
used. The retentate from the ultra?ltration step 26 is Zein 
concentrate While the permeate containing ethanol is 
recycled back for extraction With make-up ethanol from the 
distillation section of the plant if needed, or processed 
further by distillation in step 22a or by pervaporation in step 
25a. 

[0024] The stream restrained by the membrane ?ltration 
step 26 contains concentrated Zein in a 70% ethanol solution 
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(if 70% ethanol/30% Water Was used for extraction). From 
this point, alternative steps can be used to further concen 
trate and purify the Zein. A ?rst alternative step is evapora 
tion and drying step 28a. Ethanol-Water vapors produced by 
step 28a may be sent for recovery by distillation step 22a, 
pervaporation step 25a or condensed directly for use in the 
extraction step 16a. A second alternative step is to send the 
Zein and ethanol stream to a precipitation step 30, Where Zein 
is precipitated out. Adding cold Water to reduce the ethanol 
concentration beloW 40% Will cause the Zein to precipitate 
out. A ?ltration step 32 then produces Zein concentrate. 
Filtrate from this step containing ethanol-Water is recycled 
for further extraction, fermentation or distillation, as dis 
cussed above With respect to FIG. 1. 

[0025] FIG. 3 shoWs the process of the invention applied 
to a plant for production of both oil and Zein, as Well as 
ethanol and DDGS. The ?rst extraction step 16b and ?rst 
?ltration step 18b are the same as in FIG. 1, With a 90-100% 

ethanol concentration used for oil extraction. The ?ltrate 
from 18b is subjected to a nano?ltration step 24b to produce 
an oil concentrate as described earlier for FIG. 1. Zein 

extraction is small, especially When concentrations of etha 
nol approach about 95% ethanol or more. If an amount of 

Zein is signi?cant, then an ultra?ltration step 27b could be 
conducted before step 24b as described earlier for FIG. 1. 

[0026] The corn solids from 18b are extracted again in 
step 34 With a loW concentration of ethanol in the range of 
60-90%, preferably 70% ethanol/30% Water as described for 
FIG. 2. Zein and ethanol-Water obtained from a second 
?ltration step 36 are processed by ultra?ltration step 26b and 
combined With any Zein-alcohol retentate from the ultra?l 
tration step 27b. The permeate from step 26b is ethanol 
Water Which proceeds as described for FIG. 2. In addition, 
the Zein concentrate can be processed as described With 
regard to FIG. 2 to produce Zein. 

[0027] The invention therefore provides ef?cient, ?exible 
and simple processes for production of corn products. The 
same production line may be used to maximize oil produc 
tion or Zein production. Zein and oil production may also be 
conducted in parallel fashion. Because the invention may 
process dry corn, as Well as Wet milled corn product, it 

provides the ability to achieve corn product production from 
dry mill plants used currently for ethanol production only. 
Reagent for extraction use in the extraction step(s) of the 
invention is regenerated or produced Within the plant itself. 
Individual equipment components applied in the processes 
are modular and conventional, thus alloWing straightforWard 
modi?cation of existing plants as Well as construction of 
neW plants. 

[0028] While various embodiments of the present inven 
tion have been shoWn and described, it should be understood 
that other modi?cations, substitutions and alternatives are 
apparent to one of ordinary skill in the art. Such modi?ca 
tions, substitutions and alternatives can be made Without 
departing from the spirit and scope of the invention, Which 
should be determined from the appended claims. 
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[0029] Various features of the invention are set forth in the 
appended claims. 

What is claimed is: 
1. A corn product removal process, the process compris 

ing steps of: 

extracting oils and proteins from corn using ethanol; 

separating corn solids from an extraction solution that 
contains oils and Zein protein produced in said step of 
extraction; 

membrane ?ltering said extraction solution to restrain 
Zein from said mixture and pass the oil and ethanol 
mixture; 

membrane ?ltering said oil and ethanol mixture to restrain 
oil and pass ethanol; 

selecting at least one of Zein or oil separated in said 
membrane ?ltering steps for an output corn product. 

2. The process of claim 1, Wherein said step of selecting 
comprises selecting Zein for output and further comprising a 
step of purifying Zein concentrate obtained in said step of 
membrane ?ltering said ethanol, oil and Zein mixture. 

3. The process of claim 2, Wherein said step of purifying 
comprises evaporating any ethanol and Water from said Zein 
concentrate. 

4. The process of claim 2, Wherein said step of purifying 
comprises precipitating Zein. 

5. The process of claim 4, Wherein said precipitating 
comprises adding cold Water to said Zein concentrate to 
loWer ethanol concentration beloW approximately 40 per 
cent. 

6. The process of claim 1, Wherein said step of selecting 
comprises selecting oil for output and further comprising a 
step of purifying oil concentrate obtained in said step of 
membrane ?ltering said oil and ethanol mixture. 

7. The process of claim 6, Wherein said step of purifying 
comprises evaporating any ethanol and Water from said oil 
concentrate. 

8. The process of claim 1, Wherein said separating step 
comprises ?ltration. 

9. The process of claim 1, Wherein said separating step 
comprises centrifugation. 

10. The process of claim 1, further comprising a step of 
removing the ethanol solvent from the corn solids residue by 
application of heat. 

11. The process of claim 10, further comprising a step of 
recycling ethanol produced in said step of distilling into said 
step of extracting. 

12. The process of claim 1, Wherein said step of extraction 
uses 60-100% ethanol and Water mixtures. 

13. The process of claim 1, further comprising a step of 
recycling ethanol produced in any step back into said step of 
extracting. 

14. The process of claim 1, Wherein said corn is dry grind 
corn. 

15. A corn product removal process, the process compris 
ing steps of: 

obtaining an oil, Zein and ethanol mixture free of other 
corn solids from a corn input; 

membrane ?ltering to obtain one of an oil or Zein con 
centrate from said oil, Zein and ethanol mixture. 

* * * * * 


