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IMPROVED PROCESS FOR EXTRACTING
ZEIN FROM CORN

Investigator:

Principal Investigator:

Dr. Munir Cheryan, Professor
University of Illinois

Agricultural Bioprocess Laboratory
1302 W, Pennsylvania Avenue
Urbana, IL 61801

Phone : (217) 333-9332

Fax: (217) 333-9592

E-mail: mcheryan@uiuc.edu

Summary:

The objective is to enhance the value of corn processing co-products by developing an improved process
for extracting zein from dry milled corn. The major market for this zein will be biodegradable plastic
films and packaging. One promising formulation was recently developed at the University of Illinois by
Padua and coworkers. This is a 100% biodegradable resin that is evoking considerable interest from the
plastic film and packaging industry.

Zein is a critical ingredient in this formulation. However, the current market price of purified zein is $5-
9 per Ib. (e.g., from Freeman Industries, NY). This cost is unacceptable for bulk plastics. We propose to
reduce zein costs by (a) using low value fractions from a corn dry mill as the raw material (e.g., DDGS),
(b) using in-house ethanol (e.g., produced in the dry-milling ethanol plant) to extract the zein from other
corn components, (c) membrane technology to separate zein and purify it as required to formulate the
resin, (d) manufacturing the resin directly from the zein-alcohol mixture to eliminate zein drying and
reduce transportation costs, and (e) recycling the ethanol (after further clean-up with a membrane if
necessary) for further use in the plant. The process will be optimized so that traditional products are still
marketable (e.g., DDGS residue and ethanol) while maximizing yield of the new product (zein resin).

Background and Justification:
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This project will focus on enhancing utilization of corn by converting low value protein feed co-
products to higher value industrial products. The target here is one of the main com proteins (zein)
which will be used specifically for the biodegradable plastic film and packaging industry. If successful,
this will improve the profitability of low-margin users of corn, such as ethanol dry milling plants. These
plants typically have only three (low value) products to sell: ethanol, carbon dioxide and DDGS, which
are priced at about $0.15, $0.01 and $0.09 per Ib. respectively. Our long range plan is to add at least two
more valuable co-products to the product mix - corn oil and zein. In this research proposal, however, our
focus is only zein, which could command as much as $0.50-1.00 per lb. in certain markets if produced in
bulk quantities.

The co-products of the corn processing industry have generally been regarded as commodities to be
disposed of at whatever price the market would bear. However, continued increase in demand for starch-
based products (e.g. sweeteners, ethanol) require the simultaneous development of new uses for the non-
starch co-products, in order for comn refiners (especially dry millers) to maintain their viability. One such
product with considerable promise is biodegradable plastic films and packaging that are based on corn
protein (zein) and not based on starch. Such a product was recently developed by Dr. Graciela Padua
and co-workers at the University of Illinois. To make that product and other zein-based products a
commercial reality, it is critical that cheaper methods of producing zein be developed.

Protein forms about 10% of the dry weight of corn. It is composed mainly of zein (a highly hydrophobic
protein, soluble in isopropanol or ethanol) and glutelin (soluble in aqueous alkaline solutions). Zein
comprises about 50% of the endosperm protein (41% of total kernal protein) on a dry basis. High-purity
zein (often combined with vegetabie oils and giycerin as plasticizers) is used as a waxing or glaze, to
enhance shelf life of pharmaceutical tablets, nuts and candies by acting as a water and oxygen barrier.
Zein has been produced industrially since at least the 1950s, but many of the large plants are not in
production today. As far as we know, there is only one small producer of zein in the U.S. today
(Freeman Industries, Tuckahoe, NY). Their cost of zein approaches $5-9 per Ib. depending on the grade
and purity. However, this price makes zein an uneconomical raw material for plastics where polymer
resins selt for $0.20-0.35 per Ib. Even assuming that a "biodegradable” film or packaging can command
a higher market value, the cost of zein (as a resin) should not exceed $1 per Ib.

The potential market for zein should now be good, considering: (1) The low margins in some sectors of
the corn processing industry, eager to find higher-value products, (2) Valuable lessons learned from
previous attempts at corn-based "biodegradable” plastics: these were largely starch-based and did not
fare well in the market for various reasons, and (3) Increased demand for true 100% biodegradable
packaging and films, primarily from the fast food industry, but slowly filtering down to the entire
manufacturing sector that uses packaging of any kind. A manufacturer of packaging materials estimated
the potential market for zein-based plastics as "billions of pounds per year" if the cost could be brought
down to reasonable levels (Joachim Wenderhold, Executive Vice President, White Cap, a division of
Continental Can Europe. Personal communication October 1, 1996). Since this market is presently
focused mainly in Europe, successful implementation of our COPE process by corn processors should
simultaneously improve their bottom line, increase the demand for corn and stabilize the local farm
economy, while improving our export market and balance of payments.

If zein-based biodegradable films and packaging were to capture even a minor share of the packaging
and films market, it could conceivable use up all of the zein in the 2 billion bushels presently used by
industry. However, this is possible only if the cost of zein approaches that of the major synthetic
plastics, e.g., polyethylene and other polymer resins. These can be obtained for $0.20-0.35 per lb. by
film and packaging manufacturers. Assuming there is an additional value because of the
biodegradability of a zein-based plastic, then zein must be available on the world market for $0.60-1.00
per Ib. To get a reasonable return on investment, zein must be manufactured by a corn processor for
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$0.40-0.70 per Ib. 1f DDGS is used as the raw material for our COPE process, and it can fetch $0.09 per
Ib. as animal feed, then it provides a small but significant window of opportunity to meet the zein-based
film and packaging market, if'a low-cost method of extracting zein can be developed. This is the goal of
our research project.

Although the results of this research can be applied to both dry milling and wet milling operations, we
will focus on dry milling ethanol plants for several reasons:

(a) Many of them are marginal operations even with the ethanol subsidy, which makes them particularly
vulnerable to economic and political pressures. This should make the dry millers more receptive to new
ideas and technologies to improve their profitability with stable markets.

(b) Dry millers ten to be smaller in size and thus need innovative technologies that also work on
relatively small scale. Our proposed technologies scale up in a modular fashion, making them almost as
economical for smaller plants as for the large plants.

( ¢) There are only three products form a dry milling ethanol plant: ethanol, DDGS and carbon dioxide.
The simplicity of the dry milling process is attractive, primarily because co-product streams are not
interdependent on each other as in a wet mill. Thus we can use either raw milled corn or DDGS or any
fraction in between as a raw material for our process, without serious disruption of the main process. It
should be easy to incorporate our technology into existing plants, even though it involves recycle of
strearns from our zein extraction process to minimize wast streams and maximize yields.

(d) There are many more dry milling ethanol plants than wet milling ethanol plants and the problem of
finding solutions is more urgent for them.

Methods:

The Corn Qil and Protein Extraction (COPE) process developed in our laboratory will be the basis of
this research. The initial extraction of zein from corn or DDGS will be done using ethanol as the solvent.
Commercial membranes will be screened for their ability to isolate zein from the extraction broth, and
characterized in terms of flux and rejection. The isolated zein concentrate will be tested for its
acceptability for manufacturing the Ul/Padua zein plastic resin, and modifications of the process made

accordingly. A preliminary cost analysis will be performed at the end of this laboratory-scale phase to
justify the second (pilot plant) phase.

Objectives:
To successfully implement this project, it will be conducted in two phases:
Phase I : Laboratory scale development of the process

Phase II: Pilot plant scale-up and optimization on-site at a corn processing plant.
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The specific objective listed below refer only to Phase I. Only Phase I funds are being requested at this
time. Phase II will depend on the success achieved in Phase I and the level of cooperation from an
industrial partner.

Objective 1: Zein extraction

To determine the best operating conditions for extracting zein from various fractions in a dry milling
plant such as the dry milled corn, DDGS or one of the earlier wet fractions in the process. These
materials will be obtained from dry milling plants. We have been in contact with two dry millers: Corn
Plus, Winnebago, MN and Chippewa Valley Ethanol Company, Benson, MN. We have already received
samples for preliminary work.

As mentioned earlier, the extraction has been known for decades and those procedures will be used as
the basis for our extraction process. No detailed study will be done on this aspect except for fine-tuning
the extraction with DDGS and other fractions and ensuring it will fit with a dry miller's operating
protocol, conditions and limitations.

Objective 2: Membrane selection

To screen membranes for the separation and isolation of zein from the extraction broth. Membranes will
be selected from over a dozen membrane manufacturers that have cooperated with us on past projects.
Since zein is a protein, microfiltration membranes and ultrafiltration membranes will be the most
appropriate, depending on whether we want the zein to go through the membrane or be retained by the
membrane. Most work in protein separation has been done with water-based broths, but this extraction
will be done in alcohol. Thus, a key criteria in this Objective will be to determine the stability of the
membranes under long-term operating conditions. The important measured variables include flux and
rejection, and the important independent variables are pore size of the membrane, configuration and
design of the module, pressure, temperature, cross-flow velocity and concentration of zein.

Objective 3: Manufacture of zein polymer resin

The zein produced from various embodiments of the COPE process (each embodiment will result in
zeins of varying purity and costs) will be tested by Dr. Padua and co-workers for suitability for
manufacturing their biodegradable plastic. (Padua's project is being funded by ICMB.) The COPE
process will be modified based on feedback from the Padua group to meet the standards required for the
resin.

Objective 4: Process design and cost estimates

Although we will obtain only laboratory scale data in this phase of the project, it should be sutficient to
do a preliminary process design. This will enable us to obtain ball-park estimates of the capital cost of
the equipment and operating costs for the COPE/zein process in a typical dry milling plant. If it appears
attractive, a research proposal for Phase II will be submitted.

Budget:

(FORPHASE )

Illinois Corn Marketing Board $48,620
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$34,428
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TOTAL

$ 83,048
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