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Information Exchange Synopsis

SECTION 1: BACKGROUND

As a result of the demonstrated environmental harm caused by certain compounds in
widely-used commercial products (e.g., volatile organic compounds--VOCs--in oil-based
paints), public concern regarding their continued utilization is growing. Federal and state
governments have responded to this concern by passing legislation to reduce, and in some
cases ban, the commercialization of these compounds.

For example, stringent emission control requirements are being formulated for compounds
that conribute to ozone formation, such as nitrogen oxides and volatile organic compounds.
These regulations are likely to affect a variety of consumer and industrial products. Also,
under the Clean Air Act, actions are being taken to bring geographic areas into compliance
with national ambient air quality standards. Air quality regulations promulgated through
the Act are typically enforced by the states via the State Implementation Plan (SIP). In
areas that have not met air standards, major emissions sources are hcavily regulated and
minor sources (YOCs and diesel fuel) are peing considered for regulation by state and local
authorities responsible for the implementatica of the SIP.

Some of the most harmful of these toxic products apparently have natural, environmentally
benign substitutes. Recent information has indicated that such polluting substances as
VOCs and diesel fuel have substitutes in the form of extracts from naturally occurring

products which are well established in various ecosystems throughout the world.

The U.S. Agency for International Development (AID) has reviewed the preliminary
research and environmental data on these naturally occurring products. As a result, it has
suggested that two plant varieties, which seem promising as environmentally acceptable
substitutes for detrimental substances, be explored. The first is Vernonia, which could be
substitut:d for VOCs, and the second is Jatropha, a potential substitute for diesel fuel.
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AID’s Africa Bureau, Market Development and Investment (MDI) group is particularly
interested in these plants, which are found in abundance in sub-Saharan Africa. The
commercial exploitation of these plants could provide much-needed hard currency for the

export-deficient, southern African nations.

The MDI group has recognized that in order to develop these plant materials for
commercial use, the appropriate sub-Saharan countries will need to attract foreign
joint-venture investment to provide the necessary capital for in-country processing and the
establishment of a broad-based contract farming infrastructure. Additionally, there is a
need to create market outlets for the derived products. Last, before MDI approaches the
private sector, it will be necessary to determine the status of existing regulatory policy with
regard to VOCs and diesel fuel, and the nature of any prospective legislation which may

affect them.

Such public bodies as the U.S. Environmental Protection Agency (EPA), U.S. Department
of Energy (DOE), and the various state and regional air quality management boards are
at the forefront of air quality policy formulation and could be important in the development
of environmentally acceptable substitutes for toxic substances. Thus, to promote greater
public sector interest in the development of Vernonia and Jatropha and to ascertain the
current industrial trends in "clean air" product development, an information exchange was
held on December 14, 1989 at the Washington, D.C. offices of Fintrac, the agricultural and
agribusiness division of RCG/Hagler, Bailly, Inc. Key government and research
organizations sent representatives to this exchange. The following section summarizes the
salient issues raised during the information exchange. The exchange’s schedule and

participants are listed in Appendices A and B, respectively.
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SECTION 2: DISCUSSION OF KEY INFORMATION EXCHANGE ISSUES

2.1 REVIEW OF CLEAN AIR LEGISLATION

To help catalyze the discussion of industry’s response to clean air legislation, Mark Rockel,
senior environmental economist at RCG/Hagler, Bailly, presented an overview of general
guidelines that various environmental regulatory agencies, particularly in air quality
management, have established to help produce a cleaner environment. Since the ultimate
purpose of this dialogue was to view the potential of the Vernonia and Jatropha plants as
feedstocks for oil-based pair... and diesel fuel, Dr. Rockel’s presentation focused on the

environmental policy relative to thuse products.

The federal government has established measures for clean air known as the National
Ambient Air Quality Standards (NAAQS). These standards include measurements of NOx,
SOx, and volatile organic compounds. Proposed Clean Air Act legislation is aimed at 1)
lowering existing NAAQS to produce air clean enough for today’s more stringent
environmental requirements, 2) enforcing existing pollution standards (e.g., bringing to
standard various non-attainment areas), 3) incorporating standards for toxic air pollutants
such as carcinogenic hydrocartons (e.g., BAP, BGP), and 4) installing incentives whereby
industry can realistically abide by standards established for a given region; an example was

given for the purchase of "pollution licenses.”

Air quality control also has beer addressed at the regional level, most notably by the South
Coast Air Quality Management District (SCAQMD) in California. This board is
responsible for establishing air quality standards for southern California and, to date, has
set the most stringent policy in the country. For example, Southern California is interested
in reducing fuel emissions to such a degree that the Los Angeles City Council has proposed
to eliminate all gasoline burning engines by 1996.

Fintrac
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Dr. Rockel indicated that the SCAQMD has taken the initiative at a regional level because
the Reagan Administration encouraged less national and more local involvement in issues
which they considered better administered at a non-national level. This has hindered,
somewhat, nationwide industries from developing cleaner products, as there are variable
emission standards throughout the country. This reduces market potential (and, thus
development incentive) for a given product (e.g., why should industry develop an expensive,
low-VOC oil-based paint when it is applicable to just the Los Angeles-area market).

One target for clean air legislation is fuel quality. Fuel quality is assessed by measuring,
among other things, the SOx, particulate emissions (PM), and aromatic hydrocarbon
contarninants released from combustion in motor vehicle engines. Using this approach the
SCAQMD is requiring that methanol be substituted for gasoline and become the motor
vehicle fuel in the Los Angeles area before the end of this century.

AIr quality improvement also requires a reduction in the emissions from paint spraying.
The critical measure in this area is the VOC emission. Conventional oil-based paints used
in architectural coatings are particularly high in VOCs. Again, the approach is to find

cleaner products (e.g., lower VOC coatings) that can be substituted for these contaminants,

2.2 FACTORS INFLUENCING SUBSTITUTE DIESEL FUEL AND OIL-BASED PAINT
PRODUCT DEVELOPMENT

Having discussed the need to provide cleaner products as a means to meet clean air
standards, Dr. Rockel addressed the key factors that determine the viability of a potential

substitute product or material.

Foremost in this analysis is the size of the diesel fuel market. Current U.S. diesel fuel
consumption is 2.4 million barrels per day (mbbl/day). Of this, 1.2 mbbl/day is consumed

Fintrac
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in highway transportation. The enormous size of this market requires that a prospective
substitute have a near-term production volume that will enable a reasonable market
penetration. It will thus be important to determine the expected near-term production
capacity of Jatropha oil in sub-Saharan Africa and how it relates to U.S. diesel fuel
consumption (e.g., 1% of the daily U.S. diesel fuel consumption is 24,000 barrels or
approximately 1 million gallons).

Similar market information was provided by Don Anderson, agricultural consultant at
Labat-Anderson, on the market for oil-based paints. A 100% replacement of the high-VOC
solvents used in oil-based paints would create an annual market of 160 million pounds of
solvent. Because this is also a relatively larg. market, the production/market compatibility

issue is also relevant to Vernonia oil.

The performance of the substitute relative to the conventional product is another important
factor in assessing commercial potential. Substitute fuels should be analyzed for their
engine performance and wear, and coatings for their durability and substrate adhesion.
Implicit in this analysis is w.1e requirement that potential substitutes undergo rigorous pilot

testing in actual commercial environments.

Consideration must also be given to competition from other substitutes. Dr. Rockel pointed
out that previous investigations have shown that existing diesel fuel additives and/or
substitutes would add $0.04-0.065 to the per gallon price (adequate U.S. production of these
substitutes would require a capital investment of $6.6 billion). New paint substitutes must
consider both competing material and technology alternatives (e.g., water-borne delivery

systems, expanded latex use, and powder coatings).

Other miscellaneous factors influence commercial viability. Dr. Rockel noted that high

sulfur content in fuel causes excessive engine wear. If low-sulfur fuels were used, the

Fintrac
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decrs ased maintenance and increased engine life would save U.S. consumers approximately

$2 billion per year.

2.3 VERNONIA

2.3.1 Background

The Vernonia plant has been considered as a source for substitutes in high-VOC solvents
such as those found in oil-based paints. Mr. Anderson presented information on the history
and current status of work performed on the Vernonia plant. He also provided copies of
literature on previous studies of the plant (see Appendix C: Previous Research on
Vernonia Plant and Qil).

Mr. Anderson stated that the Vernonia is an indigenous sub-Sahara African plant known
for iis high oil-content seed. Test plots of Vernonia in the U.S. in the 1960s yielded poor
results due to low seed retention. However, trials on 1/3 hectare plots in Zimbabwe have
produced 2.5 metric ton (seed)/hectare. Using the potential U.S. market of 160 million
pounds/year as a basis, Mr. Anderson and the MDI group project this could employ 400,000
people in the farming, collection ard crude processing of the Vernonia plant in Africa (a
document provided by Mr. Anderson, "Vernonia galamensis, A New Industrial Oilseed
Crop for the Semi-Arid Tropics and Subtropics", by Robert E. Perdue, projects that the

annual production of 160 million pounds of Vernonia oil would require 365,000 acres).
2.3.2 Current Status
Mr. Anderson commented specifically on the production aspects of the Vernonia plant. He

mentioned that technical and preliminary cost analyses of the Vernonia oil extract are being
made at the Coatings Research Institute (CRI) in Ypsilanti, Michigan. The director of

Fintrac
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this program, John Graham, was in attendance at the information exchange, and he brought

to the discussion results of the CRI studies.

According to Dr. Graham, the initial technical analyses showed that Vernonia performs
quite well as an epoxy substitute in oil-based paints, although there has been insufficient
raw material available to conduct thorough performance trials. In fact, Dr. Graham pointed
out that the lack of pure Vernonia oil in the U.S. (about 1 gallon is available) has been the
main obstacle in the research phase of the Vernonia investigation (sponsored by the
SCAQMD). The participants from the EPA’s Office of Research and Development, Air
and Energy Engineering Research Laboratory (AEERL), Mike Kosusko, chemical engineer,
and Chuck Darvin, mechanical engineer, asked whether any data are available on the toxin
release of Vernonia oil-based paints and if Vernonia extends life to such paints. Dr.
Graham noted that the lack of Vernonia oil has hindered analyses in this area, but
preliminary data show that Vernonia-based paints emit low levels of toxins relative to

conventional oil-based paints.

Dr. Graham alsc mentioned initial cost evaluations of Vernonia oil and cost comparisons
to existing solvents. Dr. Graham felt the preliminary cost of Vernonia extract to be
$0.60/1b (Mr. Anderson stated the cost to be approximately $0.50/1b). The solvents which
Vernonia oil would replace are currently sold at $0.15-0.20/1b. Ken Swanberg, Agribusiness
and Finance Officer at the U.S. Agency for International Development, Africa Bureau’s
Market Development and Investment Group (MDI), commented that Vernonia oil’s unit
cost was a function of production volume and that the insufficient production to date does
not allow an appropriate cost comparison analysis. Dr. Swanberg said that the Vernonia
project is at the stage where increased funding is needed to better determine such

information as unit production costs.

At this point Steven Sides, director, Technical Division of the National Paint and Coatings
Association, mentioned that current industrial R&D is aimed at expanding water-borne

Fintrac
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coating materials and delivery systems. This has significantly reduced the marke: for solvent
and solvent-substitute coatings; market share estimates range from 0.05% (California Air
Resources Board) to 1.1% (National Paint and Coatings Association). Hence, industry will
likely not commit major R&D funds for solvent-substitute materials such as Vernonia oil.
Dr. Graham responded to this by noting that Vernonia oil can also serve the epoxy market;
however, no data were offered on cost competitiveness and market size.

2.3.3 Prospective Development

It was apparent from the foregoing discussions that Vernonia oil is a candidate for
commercialization in the U.S., but at present, insufficient data are available to quantify its
market value. In order to attract support funding for continued Vernonia R&D, MDI will
need data from analyses in such areas as product efficacy, product durability and toxic

emissions in performance trials and secondary/tertiary markets (e.g., non-coating products).

Dr. Swanberg asked the EPA participants, Messrs. Kosusko and Darvin, if their offices had
funds available for extended research in Vernonia oil. They responded that the EPA’s Air
and Energy Engineering Research Laboratory (AEERL) has limited funds for such projects
and that they would like to see more hard data on the air quality performance trials of the

Vernonia oil before considering funding such research.

As the leading U.S. research institution in Vernonia oil, the CRI appears to be the best
candidate to carry out at least the technical analyses in the aforementioned research areas.
Dr. Graham indicated that CRI research staff are positioned for acquiring these and other
data when more Vernonia oil is made available for analysis. Dr. Swanberg stated that
currently there are Vernonia test plots underway in Kenya (10 hectares) which should

provide sufficient oil for conducting the technical analyses.

Fintrac
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24 JATROPHA

2.4.1 Background

Ken Swanberg presented background information on the Jatropha plant. Jatropha is a
small, seed-bearing shrub indigenous to Sub-Saharan Africa. It producss a castor-like oil
which is under consideration as a commercial feedstock for combustion engines. Previous
studies conducted in Africa and Japan Lave produced preliminary information on J atropha’s

commercial potential.

Jatropha curcas is krown primarily for its use as a physical support for the vanilla bean
stalk. It also produces a high oil-content seed. As shown in a J apanese study, the Jatropha
plant produces 2-3 kgs of seed every five years; the oil content of the seed is 52%. The
relatively high calorific value of this oil (9500 kcal per kg.) makes it suitable for use in
combustion engines, thus the interest in developing Jatropha as a feedstock for a diesel fuel

substitute.

Dr. Swanberg noted that, as an indigenous plant, Jatropha can perform quite well as an
intensively cultivated crop in sub-Saharan Africa. Also, performance trials conducted in
Japan showed that Jatropha oil significantly reduced particulate emissions emanating from

diesel engines.

2,42 Current Status

Dr. Swanberg stated that there is no active research program in the U.S. analyzing Jatropha
oil as a diesel fuel substitute. His interest at MDI is to encourage both the private and
public sectors to pursue further the developrnent of Jatropha as both an agricultural and
a commercial produc:. Josh Epel, an environmental attorney from Colorado, commented
that due to the potentially large market for diesel fuel in the U.S., strong consideration

Fintrac
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must be given io each potential substitute’s unit cost. This corroborates Dr. Rockel’s
information on acceptable additional costs for clean diesel substitutes. Mr. Epel stressed
that there is stiff competition in the clean fuel substitute market, particularly from the
ethanol industry and that cost data are imperative for an investment analysis. Dr. Swanberg

stated that no data are readily available on the unit cost of Jatropha oil.

Mr. Epel alsc noted that product characterization and performance data such as aromatic
and sulfur content (required by the California Air Resources Board and the American
Society for Testing Materials), testing, and pipeiine compatibility are necessary for
comparative substitute fuel evaluations. Also important to such evaluations is information

on in-country product storage facilities and transportation costs.
2.4.3 Prospective Development

Mr. Epel stated that much more data (such as those described above) regarding Jatropha
unit production cost, potential production volume, and substitute fuel competition are
absolutely necessary to better evaluate the U.S. commercial potential of any
Jatropha-derived fuel product. He suggested that a thorough review of the Japanese studies
would be the logical first step in expanding the Jatropha data base. Using these data, the
environmental quality of the Jatropha-based fuel blends can be compared to that of other

proposed fuel substitutes (e.g., ethanol and methanol).

Dr. Warren Weinstein, associate assistant administrator of the Africa Bureau/MDI,
commented that the information exchange raised more questions than answers with respect
to Vernonia and Jatropha. The Africa Bureau is considering a variety of agricultural
projects for development in sub-Saharan Africa; the additional product and market data for
Jatrophr and Vernonia will be important in evaluating their developmental potential in
Africa.

Fintrac
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SECTION 3: SUMMARY OF PARTICIPANT COMMENTARY
Mark Rockel, RCG/Hagler, Bailly, Inc.

. Current federal Clean Air Act legislation is aiied at bringing to standard

various non-attainment regions throughout the country.

. Regicnal air quality management boards are taking the lead in establishing
emission standards for various industries and products.

. When considering new products or substitute materials, industry is concerned
about potential market size, unit cost, product quality, and environmental
impact.

Don Anderson, Labat-Anderson

. The indigenous sub-Sahara African plant Vernonia has produced high yielding,
high quality oil seed on limited (1/3 hectare) test plots in Africa.

° Vernonia produces an oil which can eifectively substitute for high-VOC

solvents in oil-based paints.

. Previous estimates show the potential U.S. market for Vernonia oil to be 160
million pounds/year, which if produced in sub-Saharan Africa, could provide
emplcyment for up to 400,000 people.

Ken Swanberg, AID, Africa Bureau, MDI Group

. Both the Vernonia and Jatropha plants produce well in the sub-Sahara

African environment.

Fintrac
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. Expanded Vernonia test plots (10 hectares) are in progress in Africa to better
assess crop yields and provide more oil for U.S.-based research,

. Jatropha is an oil seed plant which has promise as a feedstock for diesel fuel
substitutes.
. Previous Japanese studies have shown that the use of Jatropha oil in diesel

fuel reduces particulate emissions in engine combustion.

John Graham, Coatings Reseazch Institute

° Vernonia oil has shown initial good results as a solvent substitute in oil-based
paints, both in regard to its performance and environmental behavior.

. Current and future research in Vernonia oil is hindered by the lack of
feedstock (only 1 gallon is currently available); he would like to see AID assist

in the acquisition of more Vernonia oil.

. Cost estimates of Vernonia oil are $0.60/ib, which are high compared with
the solvents ($0.15-$0.20/1b) currently used in oil-based paints.

. Vernonia has commercial potential in the epoxy market, although more

market and cost data are needed to better assess this potential.

Mike Kosusko, Chuck Darvin, EPA, Air and Energy Engineering Research Laboratory

. Would like to see hard data on toxin release performance trials of Vernonia
oil-based paints.

Fintrac
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. EPA’s Air and Energy Engineering Research Laboratory has limited funds for

off-site research projects.

Steven Sides, National Paint and Coatings Association

. Current industrial paint product development is focused primarily on water-
borne materials and delivery systems.

. Competition from other technologies and materials reduces the market
potential for solvent-based, and therefore solvent-substitute, paints.

. The Paint and Coating’s Association is seeking a set of nationwide standards

which industry can use to develop "clean air" products.

Josh Epel, Environmental Attorney, Denver, Colorado

. The additional unit cost is an overriding factor in determining the market

potential for diesel fuel substitutes.

. There is much competition in the U.S. substitute fu=l market; any prospective
fuel substitute promotion must be sensitive to this competition, particularly
from U.S.-produced fuels such as ethanol and methanol.

. Data on Jatropha-based fuel performance from the Japanese trials should be
acquired to better assess its U.S. market potential.

Fintrac
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Warren Weinstein, AID, Africa Bureau, MDI Group

The information exchange has produced more questions than answers

regarding the potential of Vernonia and Jatropha.

. Specific market data and consequent market analysis are needed to properly

assess the commercial potential for these plants.

. Detailed information on production and product performance will be
necessary for future evaluations of Vernonia and Jatropha.

. A thorough review of the existing literature on Vernonia and Jatropha should

be conducted to better define new studies.

. Vernonia and Jatropha are among a number of projects AID’s Africa Bureau
is reviewing for future funding; competition for these funds requires more

extensive analysis, particularly in market-related areas.

Fintrac
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SECTION 4:  CONCLUDING REMARKS AND RECOMMENDATIONS

The objectives of this information exchange--to 1) determine current industrial trends in the
development of environmentally acceptable diesel fuel and high-VOC paint substitutes and
2) discuss the potential for using the African Vernonia and Jatropha plants as feedstocks
for oils used as clean substitutes for high-VOC solvents and diesel fuel--were achieved. As
has been presented in the preceding summary, perceptive and useful comments delivered
by the various participants described the general nature of clean air policies throughout the
country and how these policies interact with the development of new, cleaner products.

The dialogue also made clear the need for more information on the potential of Vernonia
and Jatropha as agricultural and commercial products. The Market Development and
Investment Group at AID is interested in developing markets for sub-Saharan products.
Among their objectives is to prompt U.S. business concerns to invest in (e.g., to provide
capital and be demand-side joint venture partners) those African projects/products which
can provide good earnings for both African and U.S. business participants. The information
exchange revealed that there is inadequate technical, environmental, market, and economic
information readily available for the prospective investor to effectively analyze an

investment proposal in Vernonia and Jatropha.

Vernonia and Jatropha and their potential markets need ro be analyzed to obtain a variety
of information. Most of the participants at the information exchange had more questions
on these plants’ market value and product potential than un their technical merits, If
market-related issues were the predominant theme of this information exchange (with
mostly technical and policy analysts in attendance), then such questioning would only be
heightened in a presentation to prospective private investors and financiers. Thus, market
or commercial potential is the key issue that MDI needs to address in developing the sub-
Saharan investment program. Such analyses must be conducted before (or possibly

Fintrac
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simultaneously with) the technical investigations. A variety of commercial and market-
related factors should be analyzed, including:

* Market identity (specify primary, secondary and tertiaty markets)

* Global market size (e.g., 100% market saturation)

o Realistic market penetration

o Compatibility of market penetration with existing production capacity

» Unit production costs (or realistic estimates)

o Competing preduct pricing

» Margin estimates

» Future product competition (other technologies and/or materials)

» Industrial research and development trends

» Overall capital requirements in farming, processing and storage and transportation

e Customer identity.
These data will permit analyses that will show the business opportunity presented by the
development of the Vernonia and Jatropha plants. These analyses should be performed

with the same perspective used in developing business plans since it is business, after all,
that MDI is seeking to devziop.

Fintrac
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A promising business perspective (sufficiently encouraging to solicit investment from the
private sector) provides the basis for additional technical analyses for proper raw material
and product characterization. The information exchange produced a number of potential
sources for relev int technical data, including the compendium of Vernonia literature offered
in Appendix C of this synopsis. The production-type information needed for Vernonia and
Jatropha includes:

e Product toxicology

e Trial performance

o Environmental fate and transport

o Incurred volatile reductions

o Test program costs and constraints (such as the aforementioned lack of raw

Vernonia feedstock)
o Intense-cultivation crop yields

o In-country technological inputs (e.g., a schematic analysis for a typical
Vernonia farm and processing center)

» Agronomic constraints
e In-country agricultural and export policies

¢ Detailed research histories.

Fintrac
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Additionally, communication among those active in such R&D programs must be
coordinated. For example, Fintrac has learned subsequent to the information exchange that
an importer in New Jersey can supply Vernonia oil to U.S. buyers in 42-gallon drums upon
request. This will provide immediate assistance to Dr. Graham in his search for raw

materials to conduct Vernonia research.

MDI will need these detailed market and product/technology analyses to effectively
evaluate competing development projects in sub-Saharan Africa. Stiff competition for the
limited funds available for business development in this region requires hard data and clear
facts so that analysts can make logical decisions on the project proposals. In effect, such
analyses will reduce the risk in forthcoming funding and investment decisions. If the
information is properly assembled and delivered, it will both assist AID/MDI in deciding
on future internal program funding and provide the format for presentations to prospective

investors/participants in U.S.-African joint ventures.

Fintrac
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APPENDIX A: INFORMATION EXCHANGE AGENDA

Topic

1. Introduction

2. Review of Industry
Trends in Response
to Legislation
Promoting Clean Air

3. Questions

4. Production
Perspective on
Vernonia: Clean
Substitute for
VOCs

4, Production Perspective
on Jatropha: Clean
Substitutes for
Diesel Fuel

5. Open Discussion

6. Continued Discussion/
Working Lunch

7. Conclusion

Speaker

Kerry Sachs, Fintrac
Moderator

Mark Rockell
RCG/Hagler, Bailly

Don Anderson
Labat-Anderson

Ken Swanberg
AID/Africa Bureau
Market Development
and Investment (MDI)

All participants

All participants

Kerry Sachs

Time

10 am.-10:10 a.m.

10:10 a.m.-10:30 a.m.

10:30 a.m.-10:45 a.m.

10:45 a.m.-11:15 a.m.

11:15 a.m.-11:30 a.m.

11:30 a.m.-12 p.m.

12:00 p.m.-1:00 p.m.

1:00 p.m.

Fintrac
(A Division of RCG/Hagler, Bailly, Inc.)
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APPENDIX B: LIST OF INFORMATION EXCHANGE ATTENDEES
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APPENDIX B: LIST OF INFORMATION EXCHANGE ATTENDEES

Name

Carolyn Alkire

Donald E. Anderson

Russe! Backus

Charles Darvin

Joshua B. Epel

John Franke

John C. Graham

Michael Kosusko

Marrin Lewis

Bill Meade

Tim Mulholland

Mark Rockel

Kerry Sachs

Phil Sczerzenie

Organization

Labat-Anderson

Labat-Anderson

USAID/AFR/TR/ANR

EPA/AEERL

Private Attorney/Denver

Fintrac

Coatings Research Institute

EPA/AEERL

USAID/AFR /MDI

RCG/Hagler, Bailly, Inc.

Labat-Anderson

RCG/Hagler, Bailly, Inc.

Fintrac

Labat-Anderson

Phone

(703) 525-9400

(202) 647-8909

(703) 235-0880

(919) 541-2734

(303) 820-4194

(202) 488-1500

(313) 487-2203

(919) 541-2734

(202) 647-7614

(202) 488-1500

(703) 525-9400

(202) 488-1500

(202) 488-1500

(703) 525-5300 x512

Fintrac

(A Division of RCG/Hagler, Bailly, Inc.)
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Steve Sides

Sarah Sprague

Ken Swanberg

Warren Weinstein
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SUMMARY

The seed o1} of Vernonia galamensis s a rich souce of vernclic acid, a
naturally epoxidizeg fatty acid. Seed yields of 2225 pounds Per acre have beep
achieved ip Zimbabwe.

This plant 14 1n-occ-.'diloaac—, end drought-rcaist&nt and can be developed ag
4 nev cash crop in Seai-crid tropical and subtropical areas with as litcrle 44
8 inches rainfgll.

Seed contaiz aboyt 403 o1l with unique chemical (epoxy) and paysical (low
viscosity) Properties. There is & promising earket in the manufacture of
oil-bgged (alkyd-rcoin) Paint where it 1s anticipated that the low viscosity
and uaique chamistry of the o1l will parmit its use 1n the formulation of
"reactive diluentse”, Products to sarve 48 solvents chet become part of the dry
Paint surface and do not evaporate to pollute the air.

Volatile organic compounds (VOC) from oll-basad paints and other sources react
with aitrogen oxidea to produce 9%one, a deleterinus component of
photo~chemical $808. An sccelsrated research program on vernonia-oil reactive
diluents 1s undervay st the Coatinge Pegsearch Instituta. CRI Projacts that a¢
least one pint of vernonia oil can be used i{n each of the 325,000,000 gallons
of oil-based Paiat produced {n the U. S. each yerc aod reduce emissions of voC
by at least 160,000,000 pounds.

The estimated minimug réquiresent of o1l to meqe the annusl neads of the p. S.
Paint industry will require the pProduceiyn of 363,000 acras of vernonia.

Other potentisl sarkets: “toughenad” epoxy resins, epoxy-alkyd paints, dibasic
acids, lubricants, gnd adbasives.
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The variety of Vernonia galamensis aow beiny developed as a new crop in
Zimbabwe. This variety occurs only in Ethiopia where it ig found on
well-drained golls in semi-arid areas og the lower slopes of the Eastern
Highlands. Habit, including root, about x2/5, single flowerhead (bottom) x1,
seed (with lecag hairs. on top) and flowers ahout x4.

-3 -
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C. T. Nyati, between two Vernonia galamensis Plets at the Chiredzi Research
Statica, Chiredzt, Zimbebwe, 1987. Plants on the right were “topped”.

The terminal byd Va8 removed when plants were about six {rches tall. There
were many bracches frog the bage of the Stems, each with several flowerheads.
Topping reduces height of plants and enhances uniformity {n seed maturity.
Yield here 1n 1987 was 2225 pounds per acre. The response to topping was
first observed at the Chipinge Research Station in 198S$ by R. Bester. It has
beea exploited 48 & management technique at Chiredzi. Nyati's dedication to
the vernonis Project at Chiredzi has been a uajor factor in irg success.

RECT st Any o cOpy



INTRODUCTION

During the 1950's, the Agricultural Research Service of the U. §. Department
bf Agriculture initiated Screening programs to ldentify new sources of
industrial raw materials - new and uaique plant constituents that would not
coopete with those then in adequate supply and that could be used to satisfy
existing or anticipated needs. The 8oal was to identify plants that night be
developed s8 new crops in the U. S. for agricultursl diversification to
replace thove ther in surplus. One Prograam focused oa unysual seed oils for
which new industrial markets might be cregted or that might recapture markats
lost by agricultural products to Petrochaaicals. Seed were analysed for oil
content and those with substantial amounts vare evaluated to identify oils
with unique fatty-acid composition, distinctly differeat from established
oilseed crops.

Seed of Vernonia anthelmintica, native to India, were s good source of
vernolic acid, a natually epoxidized fatty acid. The seed coatained 23-31% oil
of which 68-75% was vernolic acid.

Since substantial quantities of epoxy oils are used to manufacture plastic
formulations, protective coatings, and other products, an effort was made to
develope this plant as a new crop for American agriculture. This was
unsuccessful; yield was limited by poor seed retention. The seed fell off the
plant as soon as they matured. There was 4 heavy crop but it was not adaptable
to mechanical harvest.

Later, Vernonia slamensis, an African Species, was observed to have good seed
retention and to be a superior source of vernolic acid. The seed contain about
40% oil of which about 80X 1s vernolic acid.

Vernonia alancnlig has been under development as a naw crop in Zimbabwe since
1983. All resgarch to date has been with crude unimproved geraplasm collected
in a dry area of Ethiopia in 1964, an accession almost tailor-made as a new

crop. This germplasa is very uniform; there has been 0o selection of improved

varieties.



VERNONIA GALAMENSIS BIOLOGY

This summary is based on information from small preliminary trial Plantings at
15 locations in Arizona, Georgia, Jamaica, Puerto Rico, Taiwaa, Ethiopia,
Kenya, Tanzania, and Zambia; more extensive trials in Zimbabwe in 1983-88;
evaluation in Pakistan in 1977-84; field observations of wild populations in
Kenya and Ethiopia in 1988; a recent indepth taxonomic study based on many
plant specimens collected from natural stands in Africa; and laboratory
analyseg of seed and oil.

0 Annual herb, seed germinate easily.

o0 Grows naturally in Africa in areas with as little as 8 inches seasonal
rainfall and thus {s adapted to areas unsuitable or only marginally suitable
for food crops.

Weed, always in disturbed areas and thus more suitable for
cultivation than non-weedy species.

o

Plantings in Kenya and Zimbabwe confirmed the good seed retention first
observed in a natural stand in Ethiopia. :

o

0 Resistant to insects and diseases.

Tolerates extreme heat so long as soil moisture is adequate.

o

Requires a wsll-drained soil.

o

0 Seed yield in Zimbabwe, up to 2225 pounds per acre, exceeds average yield of
soybeans in the United States. (In comparison, the yield of soybeans in the
United States in 1979, the best year from 1970-84, was 1926 pounds per

.acre.)
o Tolerates substantial shade; an ideal cash crop for agro-forestry.

) Tnxnnoliclily diverse (six subspecies, cne with four taxonomic varieties);
thus, great gemetic diversity for developing improvad variecties.

o Seed contain approzinmately 40% oil (twice the oil content of soybeans) which
1s a rich source of vernolic acid, a naturallly epoxidized fatty acid. 0il
contains about 80% vernolic acid. .

0 Meal (seed from which oil has been extracted) is a rich souca (40%) of
protein, a valuable by-product.

N



POTENTIAL SEED YIELD

In 1988, seed yield in.Zimbabwe was about 1200 1bs. @r acre. Agrooomists
Predicted they could double the yield by learning how to ®2nage the crop and
triple the yieid by breeding wher more germplasa is availab]e.

A chance observation in 1985 led to "topping”, a Ranagement technique seill
being perfected, which in 1987 resulted in a yield of 2225 lbs. per acra.
Plancs are topped by removing the termina] bud whaan they are about 6 in.
high. There are many branches from the base of the 8tex each of which
produces several £flowerheads. Height of plants at harvest is significantly
reduced and uniformity in seed maturity ig 8reatly enhanced.

A further substantial increase 1in yiqld by breeding batts- varietios is a
reasonable expectation. When soybeans vere first grown in the U. S. a5 a sead
crop during the 1920's, yield was about 11 bughels per acre. Today, after
investment of Rany hundreds of scleutist-years 1g soybean rasearch, the
average yield in the 7. §. 18 34 bushels Per acre and stil1 increasing.

The Zimbabwe investment ia vernonia: about one~fourth the time of a4 Research
Officer per year for five years.



VERNONIA GALAMENSIS OIL

Currently, vernoania oil is produced by solvent extration, the same process
used for soybean oil.

Chemically, che oil is similar to epoxidized soybean and linseed olls, byt
there is an important difference, one that can be exploited to avoid competing
with these agricultural products. Epoxidized soybean and linseed oils are
-highly viscous (300-1500 cps); they are semi~solids at 50° F. and are
aon-pourable below 32° FP. In contrast, vernonia oil has low viscosity (110

cps); it 18 pourable even below 320 F.

Vernonia oil containas 78-80% vernolic acid, 12-14 % linoleic acid, 4-6% oleic
acid, 2-37 stearic acid, 2-3% Palmitic acid and a trace amount of arachidic

acid.

The o1l i3 an especially attractive raw material for industry because it is a0
rich ia a single fatty acid. For example, in comparison, soybeasm ofl contains
‘Just 55% linoleic as it principal fatty acid and linseed oil contains Just 57%

linolenic acid.
Vernolié acid: 0
, /\
Cd;-(CH:h—?—?—CH;—CH=CH—(CH2)7000H
H H

is primarily present in the oil as the triglyceride trivernolin:
Il /0\
CHz—O—C—(CHz)7CH=CH—CH2—CH—CH(CHzI4CH3
0 0
Il 7/ \
CH—O—C—(CHz)7CH=CH—CH2—CH—CH(CH2)4CH3
0
] 7\
CH;—O—C—(CHz)7CH=CH—CH2—CH—CH(CH2)4CH3

It is the epoxy groups (the oxygen atom attached to two carbon atoms) of such
triglyceride oils that make these materials useful 1in pPlastics and coatings.
They serve ts highly resctive sites where one triglyceride molecule can become
attached to adjacent moleculas, and these to others, to form interlocking

polymer networks.



MARKET PROSPECTS FOR VERNONIA 0OIL

Apﬁ?oxinately 325,000,000 gallons of alkyd-resin (0il-baged) palnts are
Produced in the United States each year. The volatile organic compounds (V0C)
io these products reace with nitrogen oxides ig the presence of sualight to
create grouad-level Ozone, the deleterious component of photo-chemical smog.
Ozone is a serious probleam in a1} industrial areas; it ig especially. serious
in California's Los Angeles Basin where emissions of VoOC from paints and
varnishes used by the wood-products industry are 22 tons per day.

Dr. Stoil R. Dirlikov, Coatings Research Ingtitute (CRI), Eastern Michigan
University, receatly initiated research oa vernonia oil to develope "reactive
diluents”™ for "high~so0lidgs" coatings. This research will exploit the unique
Physical and chemical'properties of the (1. (CRI PToposes that the low
viscosity wil permit the o011 to be used a solvent in an alkyd-resin paint, one
which (because of ftg chemistry) wil] become part of the dry paint surface and
0Ot evaporate to pollyte the air.

CRI eostimates that conservatively, at least one pound of vernonia o1l can be
used in each gallog of paint to reduce VOC by at least 160,000,000 pounds per
year. This will create a @arket for the ofl Production from at least 365,000

CRI research on vernonia o1l will be Spoasored by the South Coast Alr—Quality
Managenent District (the Los Angeles Bagin pollution control agency), U. S.
Agency for International Development, pRa (formcrly Paint Research Associates,
an industry 8roup), and a State of Michigaa development fund.

Once his ressarch on reactive diluents is undervay, Dr. Dirlikov plans
research on the uge of vernonia oil in the foraulation of "toughened” epozy
resins, According to hia, there are so Bany epoxy-resin formulations that
chances of success are near 100%. Epoxy resins have twvo important
disadvantages. They are britcle and abgorb water (importaat in electronic
applications). Dirlikov believes that formulation of these resins wich 10-152
vernonia oil will make thea less britele and reduce their water absorbtion.

Dr. Kenneth D. Carlson, Northern Regional Research Center, ARS, USDA, used
vernonia oil for baked coatings on steel Panels. Properties were
outstanding. Tha coatings had good flexibility, resistance to chipping,
excellent adbazinn, etc. There wag §90d resistance to alkali, acid, and
solvents. More research is needed byt this 1{s ¢ proaising potential
dpplication becausge baked coatings produce lictle 1f any VOC.

Dr. Folahen 0. Ayorinde, Department of Cheaistry, Howard University, is
curreatly syathesizing "dibagic"” acids from vernonia 0il. These products, now
obtained Primarily from petroleum, are uged to ®@anufacture industrial nylons.
Dr. Ayorinde 1s also syathesizing "1ncerpen.tra:1ng Polymer networks” (tough
rubbery @aterials) from the oi]. His research 1s Sponsored by the U. S.
Departmeat of Agriculture's Office of Iaternstional Cooperation and
Developaent.

- 3



MARKET PROSPECTS (CONTINUED)

Research on the o1l is also underway at another indugrrial laboratory, which
has requested anooymity. It is focused on 22 application differest.froms those
mentioned above.

The Senior Resesrch Chemist at this laborato~y vas asked: " What is it about
vernonia oil that suggests to you it aight enter aarkets vhere it will aot
compete with epoxidized soybean 0il1? Do you see a particular industrial need
" that aight be met by vernonia oil where the end product ig of such high value
that & manufacturer might be able to Pay a pramium price for vernonia oil?

The responsa: "...without giving avay any proprietary information...we use
epoxidized soybaan oil and are quite familiar with it. Wherever it 1s possible
€o usa apoxidizaed soybaan oil, we do. It's ot in this vein that we are
anticipating usiag the cil from Vernonis alasanais. The reeson for this {g
that we are trying to push our products more end sore into ths higher
added-value specialty chemicals sand its the cheaistry of the (vercoanis oil)
epoxy factty acid, the relatively high degree of purity of that satarial within
the oil that attracts us. It is the particular cheeiostry aznd the siaplicity of
the chemiotry that attracts us to it.....converting the epoxy fatty acid into
a functional ingredient of ons of our finished products. The reszson we chink
this sateriacl doesa't compeca in Quy way with epoxidized soybaan oil...
Traditionally, (our products) have been derived from cheaicsls vhich ars now
almost of conmodity value. To establish high sargine and a competitive edge,
ona has to move more and more toward aovelty, end this 1s tintascunt to soving
wore toward high-added-valus specialty cheaicals. e are looking towsrd
aaterials in our future products which coanfer particular benafits,...wvhich are
based on the high-eddad-value ingredieant. This is the way w3 think we will
gain an edge over the competitiod im what is very such a cost-driven commodity
type sarket. We are looking to seeck an edge over cur competitiors by
enginseriag (valuable propsrties) iato oug products which we feel will almost
certainly come from materials vhichk are higher ia value thaa the current
gensration of componeats usaed.”

-10 -
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VERNONIA GALAMENSIS GERMPLASM FOR CROP IMPROVEMENT

All trial plantings to date have been with the original crude germplasm
collected in Bthiopia in 1964. This is a very uniform accession and offers
lictle opportunity for selection of improved varieties.

Vernonia galamensis is a very diverse species. According to M. G. Gilbert's
1986 taxomomic study (with which Jeffrey, 1988, is in substantial agreement)
there are six subspecies, one with four dir’inct varicties. There is more than
ample genetic diversity for crop improvement. The ceater of diversicy is {n
Kenya.

Thirty-two new germplasm accessioas (at least one of each subspecies and
taxonomic variety) have been assembled, but more will be needed. All new
accessions are currently under evaluation and already we are beginning to see
important variation to photoseasitivity.

While the original germplasm from Ethiopia is tailor-made as a new crop, with
broad genetic diversity, much can be done to develope improved varieties.
Achlevable goals:

0 Combinations that are not photosensitive or with differeat
photosensitivity.

o Increased seed production with combinations that invest more energy ia
seed and less in stems and leaves.

o Higher oil yield with increased vernolic acid in the oil
o Even better drought resistance.

o Better seedling vigor to reduce need for weed control.

0 Disease and insect resistanca if needed later.

o Adaptability to lodcgntely drained sofls.

Agronomic research in Zimbsbwe points to a challenge that can be met by
breeding and improve the econoaics of seed production. The graph on the
following page shows average monthly rainfall and teaperature at Triangle
Hill, Zdmbabwe, s weather station near the site of agronocamic trials at the
Chiredzi Research Station.

The ideal planting time is in November at the baginning of the rainy season.
But regardless of when vernonia is planted from Noveaber to Pebruary it will
not flower until April because of its response to daylength. The best planting
time is Pebruary. With flowering so late, seed mature during "wintar"™ and
maturity is delayed becsuse nf the high energy requirement to mature an
oilseed crop. Time from planting to harvest (6-7 months) is unduly long. This
increases chance of some "disaster” like high winds that might destroy the

- 11 -



VERNONIA GALAMENSIS GERMPLASM FOR CROP IMPROVEMENT (CONTINUED)

crop. And the farmer will not be able to use his land for a winter Crop like
cabbage. But, more important, the €rop 13 aot synchronized with the rainy
Season so muat be irrigated. There 1s adequate rainfall for vernoania byg only

1f {t can be plaated earifer.

A variety ig needed here with different response to daylength, preferably one
that can be Planted by about mid-December, flower by mid-February, and Produce
mature seed by aboyt mid-April. Ip 1988, new germplasa fromg Nigeria wag grown
out at the Coastal Plain Experizent Station, Tifton, GA where it flowered 1p
late summer almost two monthg earlier than the originel germplasn from

t

During the winter of 1989, three new acceasiona frog Renya flowered in a

Coastal Plain Experiment Station greenhouse in reésSponse to long days (16
hours). One of these accessions 1s of special interest bacause it has the best

drought resistance so far observed in v. galamansis

. Germplasm from Sudan, where V. alamensis 8COWS naturally most distant frog

the equator ip 3 seal-arid eavirooment, will Provide additional variation 15
response to dayleangth. This is clearly evident from timg of collection of
herbariun Specicens in relatiog to the rainy season. This germplasm offers
another opportunity. Soame Plaats vith mature seed are only 6-10 in. tali,
plants that must have produced o Seed crop {n less than three months.

Average Monthly Rainfal| and. Temperature

Triangle Hill, Zimbabwe
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IS VERNONIA READY FOR DEVELOPMENT?

Currently, no certain market hag been identified for vernonia oil but this ig
4 very versatile raw material for industrial applications and i¢ can be
preduced very eéconomically. The future ig very bright. The great hope for a
market is as g reactive diluent i alkyd-cesin paiats and Prospects are very
8ood that a market vill be ideatified based on this application within three
years. Other prospects: epoxy-alkyd paints, toughened epoxy resins, adhesives,
and lubricants. )

What conmes first, the cart or the horse? When the first polio vaccine was
developed there was a severe shortage. The reaction of one high-ranking U. s.
official: "Who could have anticipated the demand?”

Wa nust anticipate the demand and be Prepared to meet 1t. A gamble yes, but at
yery small cost, one that can yield tremendous benefit to the third-world
farmer.

It would be Premature to estsblish thousands of acres but very tinmely for
developaent workers to establish modest trial Plantings at carefully chosen
sites in selected countries to:

0 Learn how to @anage the crop so as to later advige
farmers on production.

0 Assure the supplies of oil that vill be needed by industry
for large scale Pflot-plant evaluations.

0 Increase seed so tiey will be available for production
Plantings to meet future market needs.

- 13 - $%



VERNONTA LITERATURE

This bibliography includes papers on utilization of oil from V. anthelmintica
that are pertinent to V. galamensis. .

Afolabi, 0. A., M. E. Aluko, W. A. Anderson, and F. 0. Ayorinde. Synthesis of
a toughened eliastomer from Vernouia galamensis seed oil. J. Am. 01} Chenm.

Soc. (in press)

Anonymous. Veranonia - Bursting with potential. Agricultural Engineering,
May-June 1989 (in press, publication about August 30, 1989)

Ayorinde, F. 0., G. Osman, R. L. Shepard and P. T. Powers. Synchesis of
azelaic acid and suberic acid from Vernonia galamensis oil. J. am. 011 Chenm.
Soc. 65:1774-1777 (1988).

» . T. Powers, L. D. Streete, R. L. Shepard, and D. N. Tabir.
Syathesis of dodecanadioic acid from Veruonia_gslanengig oil. J. Am. 011
Chem. Soc. 66: 690-692 (1989).

Aziz, P., S. A. Khan, and A. W. Sabir. Experimental cultivation of Vernonia
uciflora - a rich source of vernolic acid. Pakistaa J. Sci. Ind. Res. 2
215~219 (1984). (V. pauciflora 13 a synonym of V. galamensis.)

Belay, S., J. P. Rier, Jr., and P. 0. Ayorinde. Preliminary observation of
the chemical composition of callus derived from immaturs seeds of Vernonia
galameasis var. ethiopica Gilbert. J. Am. 011 Chem. Soc. 66: 828 (19839,

Carison, K. D., W. J. Schneideg, S. P. Chang, and L. H. Princen. Vernonia
alasensis seed oil: g naw source for epoxy coatings. 4smer. 01l Chem. Soc.
Monogr. 9: 297-318 (1981).

» and S. P. Cﬁnng. Cheaical epoxidation of » natural unsaturated
epoxy seed oil froa Vernoaia alanensis and a look at epoxy oil markets. J.
Am. 01l Chem. Soc. 62: 934-939 (1985)

GilEert, M. G. Notes on East African Vernonieae (Compositae). A revision of
the Vernoaia galamansis coaplex. Kew Bulletin 41: 19-35 (1986).

Jeffrey, C. The Vernoniecae in East Tropical Africa. Notes on Compositae: V.
Kew Bulletin 43: 193-277 (1988)

Kaplan, X. Veraonia, new industrial oil crop. Agricultural Resesrch, April
1989, p. 10-11.

Krewnon, C. P., G. R. Riger and W. E. Scott. PBuphorbia and Vernonia sead oil
products as plaaticizer-stabilizers for polyvinyg chloride. J. Am. 0il Chea.

Soc. 43: 377-379 (1966).

g5
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VERNONIA LITERATURE (CONTINUED)

Perdue, R. E., Jr. Vernonia alamensig: A promising new crop for semi-arid
areas of the tropics and subtropiecs. (Symposium abstract) J. am. 01} Chen.
Soc. 63:405 (1986).

» K. D. Carlson, and M. G. Gilbert. Vernonia alamens{g, potential
Qew crop source of epoxy acid. Econ. Bot. 40:54-68 (1986).

aev industrial oilseed crop for the semi-arid tropics and subtropics. Proc.
Natur och Rultur Sympoagium: Systematic Botany, a Key Science for Tropical
Research and Documentation. The Royal Swedish Academy of Scieaces, Stockhola.
Septeaber 14-17, 1987. (ia press)

» C. T. Nyati, and E. Jones. Vernonia alamensis, a promising new
crop for the semi-arid tropics aad subtropics. Proc. Int. Symposium: New
Crops for Food and Industry, Southampton University, September 22-25, 1987.
(ia press)

Phatak, S. c., C. aA. Jaworski, and R. E. Perduas, Jr. Response of Vernonia
salanen1ia to photoperiod. (abs:tract of paper presented at Aa. Soc.
orticultural Sci. §. Region, Nashville, IN, February $-8, 1989). Hort. Sei.
(in press) Manuscript to be submitted to Hort. Sei.

Riser, G. R., J.J. Hunter, J. S. Ard, and L. Pp. Witnauer. Vernoanie
anthelmintica Willd. seed oil and salts of varnolic acid as stabilizers for
Plasticized poly (vinyl chloride). J. Aa. 011 Chea. Soe. 39:266-268 (1962).

» R. W. Riemanschneider and L. P. Witnater. Vernolic acid esters as
plasticizers for polyvinyl chloride. J. Amn. 011 Chea. Soc. 43:456-457 (1966)

Sperling, L. H. and J. A. Munson. - Intctpanecrating polymer networks from
triglyceride oils containing special functionail groupe: a brief review. J.
An. 01l Chem. Soc. 60: 1887-1891 (1983) (Reviews resesrch on interpenetrating
polymer networks prepared from vernonia ofii obtained froe Vernonia
anthelmintica.)

- 15 ~



VERNONIA RESEARCH AND DEVELOPMENT PROJECTS

Samples of vernonia 0il have been requested by 13 {ndustricl labcratories,
five of which are interested in formulation of reactive diluents for oil-based
paints. Other interests: €poxy resins, lubricants and lubricaat additives,
plasticizers, and adhesives.

i*ﬂﬁi*tt*li

A symposium oq Vernonia galamensis at the Pirst Annual Conference of the
Association for the Advancement of Industris! Crops, Peoris, IL, October 2-6,
1989, will include Teports on much research in progress. Symposium Chairman:
Joha C. Graham, Director, Coatings Research Institute, Ypsilanti, MI.

(Abbreviations: ARS - Agricultural Research Service; BD - Botany Department;
CD - Chemistry Department; Hy - Eoward University, Washington, DC; NRRC -
Northern Regional Research Center; SRRC - Southera Regional Research Center;
USDA - U. S. Department of Agriculture)

J. S. Adkins, Department of Human Nutrition and . Food, HU, P. 0. Ayorinde,
CD/HU, and R. L. Shepard, CD/HU. Protein quality of Vernonia galamensis
defatted flake.

R. Adlof, H. Rakoff and E. Eaken, USDA/ARS/NRRC, Peoria, Illino‘s.

Utilization of vernonia oil in the synthesis of deuterium-labeled and
unlabaled fatty acid isomers. ZVernolic acid is a versatile intermediate that
can te used for syuthesis of deutarated fatty acids conteaining double boads 1ia
a variety of positions and configurations. These deuterated fatty acids are
fed to human volunteers to study how they are metabolized. The objective is to
detarmine the effect of chain length and poeition and configuration of the
double boad oa 1ipid Batabolism and the nutritional consequsnces of consuaing

different kindas of fats.)

P. 0. Ayorinde, V. N. Parchment, B. M. Bernard and E. Y. Nana, CD/HU.
Oxidative and lipolytic roducts from Vernonia slamensis oii. (Synthesis of
dibasic acids, oxo-acids and toughened elastomars from vernonia oil; oil
extraction. and refining (including bleaching) and lipase activity.)

S. Belay and K. Sood, PHYTOTEC, c/o Iategrity Bioservices, Iac., Rockville,
MD, J. Riez and S. Obasi, BD/HU, and F. o. Ayorinde, CD/HU. In vitro
culture of Vernonia galamensis and {ts potential for oil improvement.

K. D. Carlson, USDA/ARS/NRRC, F. 0. Ayorinde, CD/HU, R. P. Pavlik and J.
McVety, The Preach 011 Mill Machinsey Co., Piqua, OH. Pilot plant extraction

of oil from Vernonia galamensis seed.

G
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VERNONIA RESEARCH AND DEVELOPMENT PROJECTS (CONTINUED)

S. K. Dirlikov, Coatings Research Institute, Eastern Michigan University,
Ypsilanti, MI. Apvlications of vernonia oil in coatings and epoxy resins.

M. Mumbila, Department of Biochemistry, University of Zimbabwa. Transcription
and mapping of Vernonia galamensis genome (chloroplast/nucleus).

R. E. Perdue, Jr., USDA/ARS, Beltsville, MD. Vernonia galamensis: botaay and
agronoay.

S. C. Phatak, University of Georgia, Tifton, C. A. Jaworski, USDA/ARS Tiftoa,
GA and A. E. Thompson and D. A. Dierig, USDA/ARS, Phoenix, AZ. Reponse of
Vernonia gRalamensis to photoperiod.

J. Read, Departmeat of Blochenistry, University of Zimbabwe, Harare, Zimbabwe.
Vernonia galamensis lectins.

R. L. Shepard, CD/HU, and M. 0. Ologunde, CD, Obafemi Awolowo University,

Ile-Ife, Nigeria. Chemical evaluation of Vernonia galamensis defatted flake.

E. B. Shultz, Bioresources Development Group, Department of Engineering end
Polizcy, School of Engineering and Applied Science, Washington University, St.
Louis, MO. PEconomic analysis and market potantial.

L. H. Sperling, Departments of Chemical Engineering and Materials Science and
Enginesring, Lehigh University, Dethlehem, PA. Vernonia 0il based

interganetrating polymer networks.

The research of Drs. Adkirs and Ayorinde, Howard University, is supported by s
grant from Office of International Cooperation and Developaent, USDA.

Dr. Dirlikov's research at the Coatings Ressarch Inatitute is funded by grants
from the South Coast Air Quality Manasgesment District (California), PRA
(formerly Paiat Rescarch Associates) end Michigan State Research and
Developzent Pund. An additional grant is anticipated from the U. §. Agency
for International Developaent's Progras in Science and Technology Cooperation.
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VERNONIA RESEARCH AND DEVELOPMENT PROJECTS (CONTINUED)

Other research and development projects:

A. G. Berlage, National Forage Seed Production Research Center, USDA/ARS,
Corvallis, OR. Seed cleaning. Vernonia seed are now cleaned by hagpg because
production is not-large enough to justify use of large-scale cleaners. The
objective of this project is to 1dentify equipment that experimeat stationg
and small farmers can use to mechanically clean seed.

B. Ertibo, Botany Department, Howard University, Washington, D.C. Fermentation

of vernonia o1l with s0il microor anisms.

J. Jakupovie, Organic Chemistry Institute, Berlin Techuical University, West

Germany. Minor congtituants of vernonia roots, folia;c, seed, oil, and seed

meal. (Many spacies of varnonia produce small amounts of toxic materials. It
1s true of v. galasensis and that such

is reasonable to assuns this
constituents are concentrated in the seed. This research will identify these
constitutents, 1if present, and provide cluas a8 to how the seed meal can be
‘"de-toxified, if Necessary, for use as livestock foed.)

H. G. Larew, Plorist and Nurgery Crops Laboratory, Beltsville Agricultural
Research Center, USDA/ARS, Beltsville, MD. Evaluation of vernonia oil as an

insecticide and insect repellant.
———————.—C_D08ect repellant
Laboratory, ARS/USDA, Stoneville, Ms.

C. G. McWhorter, Southern Weed Science
Formulation of crop-oil-concentrates with vernoaia oil. (According to Dr.
McWhorter, "COC's ara widely used as 8pray adjuvants in tank mixture with
herbicides......The epoxidized residue of vernonia oil should aid in binding
the herbicida to plant surfaces.”)

I. Mharspara and B. Jones, Chiredzi Reseazch Station, Department of Research
and Specialist Services, Ministry of Lands, Agriculture, and Rural
Ressetleaent, Chiredszi, Zimbabwe. Vernonia Sgronomy (1983 to date).

A. Pepparman, Composition and Properties Resecarch, USDA/ARS/SRRC, New
Orleang, LA. Forzulation of slow-release esticides
vernonia oil. (to reduce ground-water pollution).

- i§ -



WHAT IF??? - VERNONIA OIL VS. PETROCHEMICALS

The great hope for an immediate market for vermoania 0oil is in the paint
{ndustry. But what {f this does not @aterialize? Then, vernonia oil wilj
have to compete with petrochemicals. Will it be able to compete? Ye hope to
et a better answer to this question through the research of D, E. 3.
Shultz. But, evep oow, vernonia prospects look very good. It is not 30 much
4 question of wil] vernonia oil be competive -~ but, when will it be-
competitive? '

The price of Petroleum will increase DRAMATICALLY.
and that increase is Just around the corner,

o “The first 200 billion barrels of world oil were produced and consuned
ia 109 years (1859-1967)." (cRrs Review, March 1988)

0 “Just 10 years vere needed to produce and consume the next 200 bi1lion
barrels (1968-1977)." (CRs Review, March 1988)

o Current Petroleum consumption: 20 billion barrels per year. |

o "It is unlikely that any oame unexplored region of the world remains
that contains 20 billioa barrels nf recoverable oil (the amount
currently produced in one year)." (CRS Review, March 1988)

0 “Little of the world's petroleunm is likely to remain by tke bicentenisl
of the world's first oil well in the year 2059." (State of the World,
1986)

0 “Recent independence from Middle Eastern Petroleun has occurred largely
at the expense of 8reater long-term dependence.” (State of the World,
1986)

0 Proven oil reserves in billions of barrels (DOE Annual Epergy Outlook,
1987):
OPEC: 671, Non~OPEC: 216 (total 887)
(Middle Bagt: 366, Western Hemisphere: 146, Communist World: 79,
Other:96)

0 Projected world of] Prices in the year 2000 (DOE Annual Energy Outlook,

1987):
Base estimate: $31 (1low: $25, high: $40)

O Projected world oil pPrices in the year 2010 (a DOE "don't quote me”

estimate):
Base estimate: $36 (low: $30, high: $435)

°© "....with long-term o1l demand increasing and non-0PEC supplies peaking,
OPEC will be able to impose an o011 Price structure of their choosing
sometine early in the 1990s." "Incrca.ingly. future demand for oil and
8as has to be met by more expensive production froa smaller, more
complex, harder to find reservoirs.” (Schlucherger Annual Report 1988)

- 19 -
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WHAT IF?27 (CONTINUED)

Brown and Reith Phillips forecast that by the year 2000, the Price of o011
(1n 1988 dollars) could reach $30 co $40 per barrel.” (Fconomie Review,
January 1989. Brown and Phillips are économists with Federa] Reserve

"When the cost of gasoline to the American consumer 13 twice what it 1s
today, you will sze a great deal of interest in veroonia of{l." (L. j.
Sperling, Materials Research Ceater, Lehigh University, when petroleun
wvas $18 par barrel. Dr. Sperling used vernonia oil in his rtesearch og
'inter-penetrating polymer networks”.

"The price of petroleun has come down. " (A Dupont regsearch scientige ig
1987. When I was Sure a substantias) Supply of oil would be dvailable, I
began contacting industry laboratories. The response was encouraging and
oil samples were sent to them. A year later the Samples were stil]

on the shelf.)

A MODEST INVESTMENT IN VERNONIA NOW
WILL PAY DIVIDENDS LATER, THE ONLY QUESTION IS
WHEN.

——

-20 -



Royal Botanic Gardens Kew, Richmond, Surrey. TW9 3A8 England N

Dr Robert E. Perdue, Jr.,
Botanist, Systematic Botany,

Mycology and Nematology Laboratory,
BARC-East,

United States Department of dgriculture,
Beltsville, Maryland 20705,

U.S.A.

OUR REF. GW.
4 Noveaber 1987

Dear Bob,

I am nowv oditing the Papers presented at the Southampton Conference on !'New
Crops for Food and Induatgz'g to be published:by Croom Helm:Ltd. later next.
year. vas the only one that discussed a enuine new oro with the: .
poteatial for an economic plant and it see=ms uppropriato;tgagn;pro that a
RRQLCETARR of Vergofia should be used for the frontpiece to the .proceedir
hope you are agreeable and able to provide a suitable photograph..

My impressiocn at the end of the Conference vas that most of.the.so called 'new-
crops' under'discussion were not new;"'thf‘bf?thc;*ﬁdbﬁ*éld'@ﬁéﬁa that had 7
fallen into disuse-and .vere being revived to meet & nev market-market potential
whlle others were.unlikely to make more. than a .focal impacty : Although food
crops are essential to man's survival,” there is nevertheless a:need for
new_crops discussed Vernonia was the

industrisl crops as well. Of all the p
outstandiny example of one most likely to-have an industrial impact and I wish .
you vell in its development. .

sours sincerely,

Dr G.E. Wickens
ECONOMIC AHD.CO!S!RY‘IION.SECTION

- 21 -
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Vernonia galamensis, Potential New Crop
Source of Epoxy Acid'

ROBERT E. PERDUE, JR.,? KENNETH D. CARLSON,* AND
MicHAEL G. GILBERT*

Vernonia galamensis is a good source of seed oil rich in epoxy acid. which can
be used to manufacture plastic formulations, protect.ve coatings, and other prod-
ucts. Seed from a natural stand in Ethiopia contained 31% epoxy acid. Under
cultivation in Kenya. this unimproved germplasm produced a substantial yield of
seed with 32% epoxy acid. This African species has good natural seed retention
and is a promising new crop for semiarid tropical areas.

During the mid-1950s the USDA Agricultural Research Service initiated plant
screening programs to identify new sources of industrial raw matenials, especially
new and unique plant constituents that would not compete with those then in
adequate supply and that could be used to satisfy existing needs or anticipated
needs. The goal was to identify plants that might be developed as new crops for
agricultural diversification to replace those in surplus.

One program focused on the discovery of unusual seed oils for which new
industrial markets might be created or that might recapture markets lost by ag-
ricultural products to petrochemicals. Sceds were screened for oil content and
those with substantial amounts (& 20%) were evaluated to identify oils with unique
fatty-acid composition, distinctly different from oils of peanut, cottonseed, soy-
bean, linseed, or othcr domestic crops. .

Qil content of Vernonia anthelmintica (L.) Willd. seed obtained from the Indian
Agricultural Research Institute (IARI), New Delhi, was 26.5% (Earle etal., 1960).
Preliminary evaluation of the oil, including evalustion for oxirane oxygen (an
indication of the degree to which the double bonds of a fatty acid [-C=C-] have
been replaced by epoxy groups (Fig. 1), indicated the presence of an epoxy oleic
acid in the amount of 67%. Earlier, Gunstone (1954) had discovered vzmolic acid
(cis-12,13-epoxy-cis-9-octadecenoic acid) (Fig. 1A) in seéd oil of the same species,
and vernolic acid was subsequently isolated from the sced supplied by LARI (Smith
et al., 1959). "

Since substantial quantities of époxy oils were then, and stili are, used by
industry to manufacture plastic formulations, protective coatings, and other prcd-
ucts, prospects seemed good that a naturally occurring epoxy acid could enter
these marketsand perhaps others developed following further utilization research
on the oil. Existing needs were met with petrochemicals or by chemical modifi-
cation (epoxidation) of fats and vegetable oils, notably soybean and linseed oils.
Epoxidizing these inexpensive and readily available vegetable oils increases their

' Received | November 1984; sccepted 28 June 1965
? Piant Exploration and Tazonomy Laboratery, Beltsville Agricultural Research Center, Agricultural

Resenrch Service, USDA, Beltsville, MD 20705,
3 Oilssed Crops Laborstory, Northern Regionsl Research Center, Agricuitural Research Service,

USDA, Peoria, IL 61604, )
* Ethiopisn Flora Project, Herbarium, Royal Botanic Garden, Kew, Richmond, Surrey TW9 JAB. -

Economiic Boiany, 40(1), 1986. pp. 54-68
© 1986, by the New York Botanical Garden, Bronx, NY 10458
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Fig. 1. Vernolic acid (A) and trivernolin (B).

value two- to threzfold. It is the epoxy groups of such triglyceride oils that make
these materials useful in plastics und coatings products. They serve as plasticizers
(for flexibility), stabilizers (to inactivate agents in plastics that otherwise cause
them to-degrade), and generally as highly reactive sites where one triglyceride
molecule can become attached to adjacent molecules, and these to others, to form
interlocking polymer networks. '

Thus, a program was initiated to introduce and evaluate ¥. anthelmintica germ-
plasm. The objective was to develop new varieties suited to American agriculture.
In parallel, another prograrn was initiated to conduct utilization research on the
oil and its components.

YVERNONIA ANTHELMINTICA OIL

Vernonia anthelmintica seed containg 23-31% oil with 68-75% vermolic acid
(Princen, 1979). The best oil yields were obtained from mature seed. Commercial
seed-cleaning equipmer.t was used to remove lightweight, low-oil, immature seed
(Krewson et al., 1965). _

In undamaged seed, vernolic acid (Fig. 1A) occurs in triglyceride form. The
acid may be attached to each position of the glyceride structure (trivernolin) (Fig.
1B), of lo lwo {fci caamp!s, 1,2 divemolin)ortoonly one position (monovcrnuiin).

14
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36
‘i‘nu 1. OXIRANZ OXYGEN VALUES FOR Vernonia anthelmintica QiL AND OTHER PRODUCTS®
L

Vernonia oil (crude) mn
Vernonia cil (refined) 4.26
Vernonia oil epoxidized (crude) 7.13
Vernonia oi! epoxidized (refined) 7.35
Trivernolin (97.8%) pure 5.06
Trivernalin cpoxidized (crude) 8.30
Trivernolin epoxidized (refined) 8.35
Epozidized linseed oil 9.00
Eporidited soytean oil 6.60

* Adagud from Krewssn o ol (944,

In V. anthelmintica oil the epoxy acid is primarily present as trivernolin (Krewson,
1968).

Epoxy oils of greatest vazlue are those with higher oxirane contents. The best
quality vernonia oil is one in which all of the epoxy acid is present as trivernolin.
Because vernolic acid isalso a monounsaturated fatty acid, the naturally occurring
double bond (-C=C-) can be chemically epoxidized to a product of even higher
oxirane content. Table | shows the oxirane values for ¥, anthelmintica oil, tri-
vernolin, the corresponding epoxidized materizals, and commercial epoxidized
linseed and soybean oils. Vemnonia y~24 contains an active lipase, which, when
seed is crushed, rapidly hydrolyzes the triglycerides to form giyceryl esters and
fiee fatty acids. Free acids contribute to processing problems, oil instability, and
poor plastic properties, and therefore oil high in such acids is low in quality.

AGRONOMIC RESEARCH

_gins, 1968; Higgins and White, 1968; Berry and Lessman, 1969a,b; Berry et al.,
1970a,b; Massey, 1971; White and Bass, 1971; White and Earle, 1971; Lai and
Lessman, 1974). The goal was to develop varieties suitable for cultivation in the
United Slates. The germplasm base consisted of 9 accessions from India and
Pakistan, where the plant is valued for its medicinal properties and is cultivated
or allowed to persist in oraround the borders of cultivated fields. Some accessions
were collecied from cultivated or semicultivated plants; others were market sam-
ples. Although the germplasm base was not as broad as desirable, there was
substantial genetic diversity.

Agronomists developed improved lines with shorter stature, more uniform seed
maturity, and higher oil content, but showed that yields were limited by poor
seed retention. Plants branch diffusely and produce many flower heads, up to
about 1.5 cm in diameter. But those formed first lose their seed before thoss
formed later mature. While the total seed crop was heavy, it was not adaptable
to mechanical harvest because seed did not mature uniformly.

Substantial a;ronon'xic research was devoted to Vernonia anthelmintica (Hig-

UTILIZATION RESEARCH

Vernonia anthelmintica oil, trivernolin, and salts of vernolic acid greatly im-
proved heat and light stability of plasticized polyvinyl chioride (PVC) and were
equal to or better than products used commercially (Rise.r et al., 1962).

yq
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Sesquiterpene lactones were isolated from more than 70 species of Vernonig
during ciemical evaluation of the genus (Bohlmann et al., 1981a,b). Some of the
lactones were found 10 have antitumor and other pharmacological activity; ver.
nolepin, cytotoxic to KB cells in vitro, was isolated from the leaves of the sten-
gelioid V. hymenolepis A. Rich. (Kupchan et al., 1968, 1969a) and from the fruit
of V. amygdalina Del. (Lackeman et al., 1983). Other components with tumor
inhibitory activity were isolated from V. amygdalina (Kupchan et al., 1969b),
Species from which other sesquiterpene lactones were isolated and characterized
include: V. anthelmintica (Asaka et al., 1977), V. colorata (Willd.) Drake (Tou-
biana and Gaudemer, 1967); V. lilacina DC., V. arkansana DC., V, lanuginosa
Gardn., V. polyanthes (Spreng.) Less., V. Jagifolia Gardn., V, chinensis (Lam.)
Less., V. alvimii H. Robinson (Bonlmann et al., 1981a); and V. profuga DeNot.
(Bohlmann et al., 1981b). What role such toxic materials might play in feeding
defatted seed meal 10 2nimals is unknown but must be considered.

Princen (1982) suggested that a natural epoxy oil source, such as V. galamensis,
could make a significant contribution toward supplying the 45-68 million kg of

PLANT EXPLORATION FOR VERNONIA GERMPLASM

Since V. anthelmintica belongs to Vernonia section Stengelia, all other species
of which are African, exploration was undertaken in Africa by C. E. Smith, Jr.,
December 1966-March 1967 (Smith, 1971), Smith collected stengelioid and other
vernonias in Ethiopia, Kenya, Uganda, Tanzania, and South Africa. This explo-
ration was undertaken to broaden the germplasm base when it became evident

Some of these seed samples were analyzed for oil and vemolic acid; others, too
small for analysis, were increased in Puerto Rico and subsequently analyzed. On

V. lasiopus O. Hoffm. seed from western Uganda with 20.5-22.2% oil containing
75.2-81.3% vernolic acid (Smith 4608, 4624; Smith, Wood, & Perdue 4612;
Smith & Wood 4627; all K, uUs).

Smith collected 5 lots of seed in the Kenya highlands from nonstengelioid plants
then identified as V. affomontana R. E. Fries, but now recognized as subspecied
of V. galamensis (Gilbert, 1986) (Smith & Magogo 4570 = subsp. nairobensis M.,
Gilbert, Smitk & Magogo 4585 & 459] w subsp. gibbosa M. Gilbert, Smith &
Njoroge 4640 & 4644 = subsp. afromontana (R. E. Fries) M. Gilbert, all K, Us).
Oil yield was up to 29.7%; vernolic acid yield was up to 78.2% of the oil.

Prior to the Smith exploration, R. E. Perdue, Jr., visited Ethiopia on another
mission. Fotearmed with knowledge of developing interest in stengelioid ver-
nonias he collected seed of several species. In December 1964, at the height of

go


http:variety.of

PERDUE ET AL.: EPOXY ACID IN VERNONIA 59

L 40 1986]

onia
{ the 1‘
ver- Y.
iten- {t{“‘ 5’/ .
iruit N Y
mor \«\\\\N“! . //
-9b). T 2% '\’\v\ T o
ized \
e

-

am.)
Nat,
ding

1513,
gof
100.
new
irch
her

ies
ir.,

:nt

op

as

re '
i

Fig. 2. Vernonia galamensis ssp. galamensis var. ethiopica. Voucher specimen (US) for the initial
seed collection in Ethiopia (Perdue 6333) (x%). The 3 achenes (upper left) weru removed from the

;s uppermost lower head.

¢ the dry season he encountered an interesting nonstengelioid vermonia (Perdue

8 6333, NA) in an arid area of eastern Ethiopia, 7 km southeast of Harar, elcvation
about 1,740 m (Lat 9°17'N, Long 42°1 I'E). Plants were fully mature (Fig. 2); most
siems were dry. hrown, and lcalless. Seed retention was impressive, Dead-ripe

achenes were resting in ‘‘cups” formed by involucral bracts, which haa ciosed
of glean fially matre ceed. j/

almost completely at tneir ups. fis wwiiccicd 280 2



&0 ECONOMIC BOTANY {vOL. 40

CM.

U i ¢
D e e e e et e L ]

JFMAMJJASOND
ANNUAL 71.4 CM.

Fig. 3. Monthly rainlall distribution at Funyan Bira, Ethiopis, sdapied from Wemstedt, 1972,

completely free of debris, from a population about 3.3 m3. Stems were cut near
ground level and seed emptied on a cotton throw cloth.

Fig. 3 shows rainfall distribution at Funyan Bira, the nearest weather station
for which monthly data are available (Wernstedt, 1972). Funyan Bira, elevation
2,049 m, is about 27 km east of the feld site, which is lower and drier. This
rainfall pattern i3 characteristic of the ares, )

In view of the low annual rainfall (<72 cm) at a latitude of about 9'4°, this is
a very stressful environment, even at 1,740 m above sea level. Rainfall sufficient
for seed germination would not fall until the beginning of the rainy season the
following March or April. It appears that natural selection has favored a plant
that will not shed its seed at maturity, but one that will retain its seed until rainfall
is sufficient for germination and establishment of a new generation.

This collection was identified as V. pauciflora (Willd.) Less., now known as V.
galamensis ssp. galamensis var. ethiopica M. Gilbert (Gilbert, 1986). The seed

BEST AVAILABLE COPY

S o
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contained 41.9% oil with 72.6% vernolic acid, substantially better than any se-
leciions of V. antheimintica, which at best contain 31% oil with 75% epoxy acid
(Princen, 1979). This unimproved germplasm contained about 30% more vernolic
acid than the best improved varieties of V. anthelmintica.

More recently one additional small sample of V. galainensis seed was obtained
from The Gambia in West Affrica. It is now being increased.

VERNONIA GALAMENSIS: BOTANY

Description

Herbaceous, usually annual (Fig. 4), rarely persisting for more than one growing
season; varying from small ephemerals 20 cm tali with a single flower head to
robust rather diffusely branching somewhat shrubby plants to 5 m tall with many
flower heads; stems never branching from the base, branching only after the first
flower head is formed; the inflorescence consisting of a terminal lower head with
lateral flower heads from the uppermost axils, subsequently, if moisture is suffi-
cient for continued growth, the lateral branches of the inflorescence elongating
and branzhing 2gain to produce secondary inflorescences overtopping the first
formed inflorescence. Leaves alternate, s=1sile, membraneous, 0.6-5.0 cm wide,
up to 25 cm long, acuminate at the tip, cuneste at the base, margins toothed,
surfacz puberulous ¢ pilose. Characters othsrwise as typical of Vernonia, sepa-
rated by Gilbert (1986) into 6 subspecies, primarily by characters of the phyllaries.

Taxonorny

Jones (1981) devcloped a synoptic classification of Old Worid Vernonia that
relied strongly on pollen characteristics, but reflecied phytochemistry, cytotax-
onomy, cytogenetics, and morphology to the extent such information was avail-
able. V. galamensis belongs to subgenus Orbisvestus (which is resiricted to the
Cld Worid wropics and subtropics), section Orbisvestus, and is the type species
of subsection Centrapalus. Species of this subsection are coarse annuals to peren-
nial herbs or semishrubs of grassiands and successional habitats from south of
the Sahara into South Africa. They can be distinguished from other African species
with similer pollen by their brownish pubescent achenes.

Wild {1978) studied Vernonia of the Flora Zambesizca area and first recognized
the subject species as K. pauciflora (Willd.) Less. Subsequently, he (Wild, 1978,
errata) accepted V. galamensis (Cs1s.) Less. as the correct name for this species.

More recently, prompted by the new interest in V. galamensis as a potential
new vernolic acid source, Gilbert (1986) studied this species in greater depth. He
concluded that within the complex formerly called V. galamensis, a locally en-
demic population in northern Tanzsnia should be segregated a3 a new species, V.
filisquama M. Gilbert, and plants earlier recognized as V. afromontana R. E. Frics
ace better considered as a subspecies of V. galamensis. According to Gilbert's
concept of V. gaiamensis, this widely distributed species includes 6 subspecies,
one of which includes 4 varieties:

ssp. nairobensis M. Gilbent

. 38p. lushotoensis M, Gilbent

s3p. mutomoensis M. Gilbent

s3p. afromoniana (R. E. Fries) M. Gilbent

. s3p. gibbosa M Gilbert o2
9

. 3p. galamensis
8. var. galamensis
b. ver, pertiiana IA Rich.) M. Gilbert
¢ var. ausiralis M, Gilbent
4. var. chizpizon M, Titken

cwmawn
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Fig. & Vernonie galamensis ssp. palamensis vas, eihiopica. From specimen collected by L. Bates
8t Karicho, Kenys, Jaauary 19, 1978, NA. Habit, includ 1g root xX, single lower head (bottom)
x%g, schenes and flowers x 4,
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Distribution

Fig. 5-and 6 are based on specimens at Kew Herbarium and the East African
Herbarium (EA), Nairobi, Kenya. Fig. § shows distribution of V. filisquama and
the 4 subspecies of V. galamensis; Fig. 6 shows distribution of the other subspecies.
It is evident from Gilbert’s treatment that this widely distributed species is highly
diverse and its center of diversity is in East Africa.

Within ssp. galamensis Gilbert defines 4 varieties that seem fairly well separated
geographically and/or ecologically. The West African var. galamensis (west of
14°E) is found only in areas of lower rainfall. Var. petitiana is in Ethiopia, Kenya,
Somalia, Sudan, Tanzania, and Uganda; var. custralis is distributed from southern
Tanzania through Mozambique to eastern Zimbabwe, each reaching about 19°
distant from the equator. Var. ethiopica occurs in southern and eastern Ethiopia
at elevations of 1,250-2,075 m, on the whole at higher elevations than those
recorded for var. petitiana (mostly 750-1,500 m).

Ssp. nairobensis is a common plant in the uplands ( 1,300~2,250 m) of Kenya
and northern Tanzania, a ruderal of forest margins and clearings. Ssp. gibbosa 13
endemic to a small area northeast of Mt. Kenya. Ssp. afromontana, one of the
most distinct segregates, occurs in montane forests or former forest areas (1,900~
2,4C0 m) of central and western Kenya, often under trees. Ssp. mutomoensis is
endemic to the Ukambani-Taita area of Kenya where it is largely associated with
basement complex inselbergs at substantially lower elevations (700-1,150 m).
While ssp. lushotoensis does occur at isoiated points in Uganda (3 records), it {3
by far most common as a ruderal in wet forest areas of eastern Tanzania, primarily
in Lushoto District in the Usambara Mits.

The V. galamensis segregates occur in areas with annual rainfall as low as 50
cm, occupied by Acucia-Commiphora bushland/woodland, to rich forested areas
with annual raiafall of 185 cm, but no subspecies occurs through a large proportion
of ti.s ecclogical range. Ssp. mutomoensis and ssp. galamensis are restricted to
drier habitats and avoid areas without a well-defined and severe dry season. Ssp.
nairobensis and ssp. gilbosa occur in areas characterized by dry evergreen forest
ofien dominated by Brachylaena or Olea with members of the Rutaceae, especially
Teclea, Vepris, and Calodendrum, forming an important component. In these
areas rainfall is bimodal but is distinctly higher and more reliable than in the
areas occupied by Acacia-Commiphora bushland/woodiand. Ssp. afromontana
and ssp. lushotoensis occur in the areas of highest rainfall, which rarely have a
prolonged dry period, and where the natural vegetation is tall forest rich in epi-
phytes. All the subspecies are restricted to rather open situations and are very
much favored by disturcance. They are usually most conspicuous in ruderal
situations and characteristically occur on porous well-drained soils.

VERNONIA GALAMENSIS: TRIAL PLANTINGS

Seed from the Perdue 1964 collection were planted at Experiment, Georgia.
Plants grew to 1.2-1.5 m tall and woduced a few flowers but no seed. Leaves
were discolored and appeared diseased. Seed was subsequently increased in a8
greenhouse at Gienn Dale, Maryland. Plants flowered in November and seed
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matured in December. At that time there was no interest in this species as a
potential new crop for the United States.

In July 1975, Leonard Bates (pers. comm.), African Highlands Produce Com-
pany, Kericho, Kenya, planted seed, increased from that collected in Ethiopia.

Plants initidlly formed single unbranched stems and subsequently branched
above, after terminal Hower heads were formed. Seed was harvested in March
l9:76 and contained 409, oil with 80% vernolic acid, about the same as the original
seed from Ethiopia. A much larger planting at Kericho was made in carly July
1977; the crop was harvested in late February. Even though average annual rainfall
at Kericho is 185 em, zlmost 3 times that of the area of Ethiopia where seed was
initially collected, there was no evidence of disease, insect, or other problems. No
data on seed yield are available but it was substantial. Bates' success with the
Kericho planting prompted new interest. He supplied substantial seed, source of
the oil used to establizh the value of this product in the manufacture of coatings
(Carlson et al., 1981).

More recently, small plantings were established at Mombtasa, Kenya (R. Haller,
pers. comm.), Cayey, Puerto Rico (A. Sanders, pers. comm.), Isabela, Puerto Rico
(F. Yazquez, pers. comm.), and at 5 locations in Jamaica (B. C. Akehurst, pers.
comm.). The Mombasa and Cayey plantings produced substantial amounts of
seed and there was no (Cayey) or minimal (Mombasa) evidence of disease, insect,
or other problems. The Isabela and Jamaica plantings failed.

At Isabels, in 1982 and 1983, plants grew (0 a height of 2bout 0.6 m, the leaves
turned brown and the plants died. Specimens from the 1982 planting, including
roots from which soil had beert removed, were examined by specialists av Jelts-
ville, MD, for evidence of insects, disease, and nematodes. None could be found.
Additional specimens were obtained from the 1983 planting; these included balls
of soil around the roots and these too showed no evidence of parasites or patho-
gens. Ahsence of insects, nematodes, or discase suggests failure was due to a
physiological disorder probably associated + " excessive soil moisture. The re-
sponse in Jamaica was similar to that at 1sabels; plants tended to die off, root rot
was observed and a Fusarium was identified as the possible causative agent. At
ofe Jamaica site, so0il was “heavy clay™; soils at the other 4 ware “medium textured
silty to clay loams.”

Al most sites there was good seed germination. At none was seed retention
comparable to that initially observed in the natural stand in Ethiopia.

In nooe of the successful plantings (2 at Kericho, 1 each at Monibasa, and
Cayey) have plants developzd as they did in Ethiopia, where the original germ-

-
Fig. 5-6. Fig. 3. Distribution of Vernonia Mlisguerna and vV gelomensis subsp. salamensis. V.
filisquama is recorded from saveral locations in northern Tanzania (arrow, box, lower left). V. galo-
mensis subsp. galamensisincludes 4 varieties distribused fromn West Africs, east 10 Sudas and Ethiopia,
thes south to Zimbabwe and Mozambique. a. var. galemensis. b. var. petiticra (asrows show 2 isolated
records in Somalia). c. var. ethispica. d. var. awtralls. Fig. 6. Distribution of § subspecies of Vernonia
galamensis found oaly in East Africa (Uganda, Kenys, and Taazanis), the center of diversity of this
species: subsp. aairobensis (salid iinc), subsp. Qfromoniana (stippled), subsp. gibboss (dotted line),
subsp. mutomoensis (dashed line), suisp. lshatoensis (black; srrows show isolated cullections ia

Uganda). .
> /
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plasm was collccied. In contrast to Ethiopia, where plants produced only a few
flower hcads that matured uniformly and retaincd most seed produced, plants
grown at Cayey, Kericho. and Mombasa producced many flower heads that did
not mature uniformly. This was most likely due to the prolonged growing season
in response 1o the higher precipitation characteristic of Kericho, Mombasa, and
Cayey, which encouraged development of secondary inflorescences.:

On January 20, 1984, Perdue observed a small V. galamensis planting at the
Botanic Garden, Harare, Zimbabwe, from seed increased from the original col-
lection in Ethiopia. Seed was sown under glass June 28, 1983 (M. Leppard, pers.
comm.). Plants 30 cm 1all were transplanted September 15. The first flower heads
appeared Septzmber 19. In January, plants were luxurious and profusely branch-
ing, about | m wll, with many immature flower heads terminating the branches.
But on each plant, about 30 c¢cm above ground level, there was a fully mature
flower head ard other fully mature flower heads were at leveis 45-60 cm above
ground level. Seed was dead ripe. Involucral bracts had spread completely open
and were beginning to reflex but no seed had been shed. The plants had been
overwatered and were growing on the site of a former coimnpost pile. The luxurious
growth seemed due to excessive moisture and fertility. Had these plants been
subject 10 severe moisture stress soon after initial flowering, conditions somewhat
like those illustrated by Fig. 3, these plants would have produced few flower heads,
all of which would have matured and retained their seed. Here, seed retention by
the first-formed flower heads was striking.

Good seed retention was also observed in 2 small plantings in 1983 near Mu-
findi, Tanzania (T. C. E. Congdon, pers. comm.). The plants grew well at Lugoda
(tea) Estate where rainfall is generous but there is 8 2-mo, more-or-less rain-free
period, the pattern that seems essential to good seed retention.

CONCLUSIONS

While much remains to be learned about V. galamensis it seems to offer good
prospects as a new crop for semiarid areas of the tropics and subtropics. Judging
from the analysis of se=d from the natural siarid in Ethiopia, confirmed by analysis
of seed produced when the Ethiopian germplasm was grown in Kenys, seed is
substantially superior to that of V. antheimintica as & source of oil and vernolic
acid. In the limited trial plantings there was no clear evidence of insect, disease,
or other formidable problems. Failures so far szem most likely due to unsuitable
environments with ‘excessive moisture and/or poorly drained soils. The good
natural seed retention observed initially in Ethiopis, and subsequently in Tanzania
and Zimbebwe, is encouraging as is the observation of J. H. Seyani, University
of Malawi {pers. comm.): *. . . some herbarium specimens of V. galamensis with
mature capituls seem to retain their achenes very well . .. this must be one of
the charscteristics of the population in the wild.” )

The natural distribution of V. galamensis in Africa and other observation
reported here suggest that development of this species as a new crop should be
focused on areas where rainfall is concentrated during a period of 4, or at most
S mo, followed by | or 2 mo in which rainfall is nil or nearly so. Rainfall pattern
is probably more important than total amount. The ideal pattern is likely to bs
one similar to that at Funyan Bira, Ethiopia (Fig. 3). There must be sufficient
rainfall to establish good stands and bring the first flower heads on each stem to
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maturity, but not enough to prolong growth so the plant will produce many
secondary inflorescences. Such additional development leads to lack of uniformity
in seed maturity and subsequent dispersal of mature seed during showers.

The probability is good that an <ven better source of oil and vemolic acid can
be identified within V. galamensis, if a broad diversity of the available germplasm
of this species is acquired. Prospects are good that a superior variety can be
developed with higher oil yield and higher percent of trivernolin in the oil.

Plant exploration to acquire additional germplasm was undertaken in Africa in
1984 by Agricultural Research Service botanists G. M. Christenson (Malawi and
Zambia) and S. M. Saufferer (Kenya and Tanzania). Since so few African species
have been tested for oil and vemnolic acid yields, seed of other species was also
collected to determine if sources superior to V. galamensis can be identified. In
addition, further collecting of seed of vernonia species was undertaken by botanists
and other workers in Zimbabwe. All available germplasm will be grown for further
evaluation and seed increase at research stations of the Department of Research
and Specialist Services, Ministry of Agriculture, Zimbabwe in 1984-1985.

Utilization research has shown V. galamensis oil may have a place in the
coatings industry. Further investigation should extend the market. A promising
area for continuing research is that of Sperling and Manson (! 983) who have usz=d
vernonia and other epoxy oils to form interpenctrating pulymer networks with
polystyrene to produce elastomers and plastics with properties suitable for many

* uses.
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ABSTRACT

A native African plant, Vernonia galamensis, is an
excellent scurce of epoxy acid-containing triglyceride oil.
The seed contains 40-42% oil, and the vernolic (cig=12,13-
epoxy-cis-9-octadecenoic) acid content of the oil falls in
the range 72-78%. Processing conditions have been explored
for cleaning, tempering, and flaking the seed; efficient
extraction and recovery of the crude oil; and subsequent oil
refining steps. As is characteristic of Vernonia species,
rapid lipolytic activity in crushed V. galamensis seads can
lead to high free fatty acid levels in subsequently extract-
ed oil if propar precautions are not taken in the processing
steps. The film-forming proparties of V. galamensis oil
were evaluated by apreading the oil on steel panels, which
were then baked fo: various timss and temperatures with and
without added mst:zl driers. 1In preliminary evaluations, all
coatings withstocd direct and reverse impact as well as
severe bending and cutting actions. Thesa results are
indicative of excrllent flexibility, resistanca to chipping,
adhesion to subzicrate, and cohesive film properties.
Resistance to mineral acid, alkali, detergent, and solvent
was judged excellent.

INTRODUCTION
Several raeview articles (1-3) and numerous other papers
(4-16) have discussed the characterization and possible uses

of naturally occurring epoxy oils since the discovery of
vernolic acid (cis-12,l3-epoxy-cis-9-octadecenocic acid) in

lw. J. Schneider, reatired.
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vernonia anthelmintica seed oil (17). Many othar sources of
vernolic acid and several other epoxy acids have been
jdentified, but only species of the families Compositae and
Euphorbiaceae contain relatively high levels (above 40%) of
epoxy acids (2,7,15). ‘vernonia species are members of the
family Compositae, and may be annual or perenrial herbs.,
small to large shrubs, woody acramblers and climbers, Or
rarely, small trees. This very large genus of tropical and
warm temperate plants is found in America, Africa, Madaga-
scar, and Asia. v. galamensis (Cass.) Less.. p:eviously
referred to as V. pauciflora (willd.) Less. (18), is an
annual herb occurring as a weed of cultivation or in wood-
lands of E. zimbgbwe, S. Malawi, N. Mozambique. Senaegal,
Ethiopia, Eritrea, Tanganyika, and throughout W. Tropical
Africa. With a blue corolla, the flowar head of V. gala-
mensis is 3-4 cm wide and hemispheric with involucral bracts
which tend to retain the maturing seed within the head.
Seeds are dark brown to black, 5-6 mm long X 1.5 mmn wide
with silky hairs, ca. 0.5 mm long. Each bristle in the tuft
or pappus at the large end of the seed is 7-8 mm lcng and is
covered with minute barbed setae ca. 0.1 mm long (Fig. lA).
Since the seed contains ca. 42% oil, and vernolic acid
constitutes ca. 18% of the oil by waight, V. galamonsis is
one of the richest sources of this natural epoxy acid.

Early indications are that V. qalamonsis has greater promise
agronomically than other potential epoxy oil sources such as
v. anthelmintica, Stokesia laevis, and Euphorbia species
(1-2). In this paper, we present results of our processing
studiesr on V. qalamensis seed and our preliminary evaluation
of the oil as a coatings raw material.

MATERIALS AND METHODS

vernonia galamonsis sead was Jrown in Kenya and Puerto
Rico through the efforts and interest of Mr. L. Bates of
Nairobi, Kenya. and Mr. A. sanders of London, England.
virtually all work reported here was performed on the Kenya
seed. As received, the geed was relatively clean except for
fibrous material associated with the seed. such as pappi or
setae in both free (Fig. 1C) and seed-intact (Fig. lA)
forms. Use of standard screens and sieves removed some free
giber and dust and tended tO partially fractionate the saed
according to size, but pappi and setae remained attached to
a large proportion of the seed. Ssimilarly, a Bates Labora-
tory Aspirator removed loose debris but was of little value
in ndghairing” the seed. However, afcer tempering (see
pelow), the seqd was essentially free of pappi and most of
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FIG. 1. Seed (AR), temperad seed (B), fibers (C), full-fae
flake (D), and defatted flake (E) of v, galamensisg.

the setae (Fig. 1B) permitting separation by screening or
aspiration.

ANALYSES

Analyses following Official Aocs Methods (19) included:
moisture (Ac 2-41); oil (Ac 3-44); free fatty acid (FFA)
(Ca Sa-40); nitrogen (Ba 4-38) and crude protein (N X 6.25);
oxirane OXxygen using HBr at 25 ¢ (Cd 9-57);: Gardner color
(Td la-64); ash (Ba 5-49); and crude fiber (Ba 6-61). o4l
viscosity wag determined at 25 ¢ with a Brookfield Model LvT
Synchro-Lactric Viscometar (Brookfield Engineering Labora-
tories, Stouton, Massachusetts). Amino acids were deter-~
mined on defatted flake meal by the mathods of Benson and
Patterson (20) and Cavins and Friedman (21). Infrared (IR)
Spectra of 10% o0il solutions in CCl, were recorded on Perkin
Elmer 137 or 337 Spectrophotometers, Thin-layer chromato-
graphic analyses (TLC) were performed on commercial pre-
coated platss (0,25 mm silica qgel 60 F-254, E. Merck, Darm-
stadt, Germany). Developing solvent was hexane:diethyl
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ether (70:30 or 60:40, v/v), excepz when FFA were of parti-
cular interest in which case hexane:diethyl ether:acetic
acid mixtures were used (70:30:1 or 60:40:1). Visualization
was >y charring at 130 C with sulfuric:chromic acid solu-
tion. Epoxy groups in oil components, FFA, or esters were
revealed on TLC plates (without fluorescent indicators) by
the picric acid technique (22). Direct chromatographic
comparisons were made with related V. anthelmintica oil,
FFA, or esters. Fatty acid methyl asters were prepared from
the oil by two procedures: (a) transesterification with
0.276 M sodium methoxide in methanol, which leaves the epoxy
groups intact, and (b) saponification in 0.5 N NaOH in
methanol followed by reaction with 10% BF3 in methanol,
which provides methy)l esters as hydroxy-methoxy derivatives
of the epoxy group (23). Gas chromatography (GC) of the
methyl esters was carried out isothermally at 185 € on glass
columns packed with 5% LAC-2-R 446 and S% Apiezon L (14,15).
Column chromatography was run on silica gel 60 (70~230 mesh;
E. Merck) packed in a 2.8 X 50 cm glass column. 0il (1 g)
components were separated on 110 g silica gel by elution
with hexane containing increasing amounts of diethyl ether.
Esters (1 g) prepared with sodium methoxide wera similarly
separated into noimai and epoxy types on 110 ¢ silica gel
with hexane:diethyl ether (90:10). Esters (1 g) prepared by
the BF3 procedurw were fractionated into normal and hydroxy-
methoxy types on 50 g silica gel by elution with hexane:di-
ethyl ether mixtures (incrementally from 90:10 to 50:50).
Progress of these fractionations was monitored by TLC.

SEED TEMPERING (LIPASE INACTIVATION)

Seed (454 g) was tempered in the laboratory in a cover-
ed, 2-L, steam-jacketed, stainless steel (SS) beaker fitted
with thermometer and variable speed stirrer. In the pilot
plant, up to 10 kg of seed was tempered in a covered one cu-
ft, steam-jacketed, double-ribbon, SS blender with variable
speed drive (24,25). Seed temperatures were kept at 95-100 C,
and seed moistures were adjusted upward from ambient (5%) to
15% during tempering by adding thae required weight of water
to the tempering units at appropriate times. Final seed
moistures were 7-15% in the laboratory runs and consistently
14-15% in the pilot plant. All moist tempering periods were
€a. 90 min. The initial laboratory run involved both a dry
heat (0-60 min) and a moist heat (60-150 min) period during
which seed samples were removed for moisture and oil analy-
ses and for FFA checks of the oil. 1In all other runs, seed
samples were taken only at the start and finish of the
tempering periods. Tempered seed was air dried (4=7% mois-
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ture) overnight and then stored at ca. 5 C until needed.

SEED FLAKING

Tempered seéd was flaked on a Wolf flaking mill with
smooth-faced, 12 in. rolls set within the range 0.002-
0.010 in. A setting of 0.002-0.003 in. gave whole-seed
flakes of uniform thickness (Fig. 1D) when the seed moisture
ranged from 5-9%. For analytical samples, flakes or whole
seeds were ground in a laboratory Wiley Mill through 20 or
30 mesh screens.

OIL EXTRACTION

All extractions ware with petroleum ether or commercial
hexane. For analytical samples, Butt or soxhlet extractors
were used (6 hr). Other laboratory extractions were carried
out with 50, 500, and 3,000 g of flakes in percolation cones
(glass or SS). Contact times for individual solvent frac-
tions ranged from 15 min (50 g scale) to 18 hr. Solvent
fractions were combined or kept separate depanding on the
purposes of the experimant. Cumulative solvent volumas
ranged from 4-13 L/kg of flakes in these extractions. Pilot
plant extractions were of two types--suxhlet and steep. The
commercially designed SS soxhlet (Model SE-5, Artigan
Industries Inc., Waltham, Massachusetts) wes a cylinder with
a steel plate dividing the two basic parts--an upper thimble
(4-6 kg flakes vith 8-12 L solvent) and a lower still pot
(30-40 L capacity)--and distillate was fed from the con-
Aenser to the thimble via a side port opposite and level
with the siphon take-off. Pot temperature during cycling
was 67-68 C, and cycle times were only 7-15 min. Flakes
were contained in a cheese cloth bag in the wire thimble
basket. Soxhlet run 1 was monitored by removing extract
aliquots (100 ml) from the sti)( pot (after cycles 1-8, 18,
36, 51) and dstarmining oil content gravimatrically. After
eight cycles, 82% of the oil had been sxtracted:; after
51 cycles, only 85% had been recovered so cycling was ter-
minated and the run was completed with three cold steeps
(2,2,66 hr) in the soxhlet thimble. Soxhlet run 2 was not
monitored and was carried through 22 cycles (15 min) and
eight cold steeps (1 1/2-17 hr duration).

The soxhlet thimble was used as a reservoir for steap
extractions 1 and 2, which were performed at 20-25 C.

Flakes were contained in a cheesecloth bag. Six 7.6 L
portions of hexane wera used in each steep extraction with
contact times each of 60 min (run 1) and 30 min (run 2). In
both runs, each fraction was collected separately, and an
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aliquot (50 mL) was evaporated to estimate oil recovery as a
function of cumulative solvant volume. Pilot plant extracts
were concentrated at ca. 40 C in a SS and glass, single
effect, natural circulation, rising film evaporator (Preci-
sion Scientific Co.) (26). Final solvent stripping was
carried out in a rotary evaporator at 60 C and 10-20 mm Hg
for 1 hr. Flakes were desolventized to the atmosphere in a
hood over 48 hr.

OIL REFINING

Crude oil was refined with activated charcoal (char,
Darco G-60) at levels of 2, 5, and 8% by weight. For ex~
ample, oil (48l1.7 g, from percolation extraction of 1.27 kg
tempered flakes) was mixed with char (9.6 g, 2%) at 60 C,

10 mm Hg, for 1 hr. Decolorized oil was isolated by hot
filtration (steam-jacketed Buchner funnel) through a bed of
Celite filter aid (405.8 g, 84.3% recovery). In a second
example, 119 g char-refined oil was recovered from 137 g of
crude oil (87% recovery).

Crude oil (125 g, four replicates) was degummed by
stirring with 2.5 g (three samples) or 5 g (one sample) of
distilled water at 50 C for 1 hr followed by centrifugation
at 2,800 rpm for 2-3 hr. Gum and oil were separated and the
oil was dried at 60 C and 10 mm Hg on a rotary evaporator
(121.9 £ 0.6 g, 97.6% recovery). One sample of this oil was
then treated at 60 C and 10 mm Hg for 90 min with char
{10 g, 8.2%) ard c~ntrifuged, and the oil wus isolated
(94.9 g, 78.1% recovery). For comparison, a sample of V.
anthelmintica oil (125 g) containing 13% FFA was degummed
(4% water) (118.5 g, 94.8% recovery), treated with char (2%)
at 60 C, 15 mm Hg, 1 hr, and centrifuged, and the oil was
isolated (110.1 g, 93% recovery).

Degummed oil (120 g, three raplicates) was alkali
refined at 40 C by adding 1.8 mL (two samples) or 3.6 mL
(one sample) of 2 N NaOH (1.2 or 2.4% by weight) to the oil
with stirring for 30 min. Troublesoma emulsions resulted
which were ultimately broken by alternately centrifuging
(2,800 rpm) and washing with saturated NaCl solution. O0il
was dried 1 hr on a rotary evaporator at 60 C, 10 mm Hg
(100.7 £ 0.6 g, 83.3% recovary).

Degummed and alkali-refined ocil (95.6 g) was bleached
with AOCS neutral bleaching earth (1 g) by mixing on a
rotary evaporator at 60 C and 15 mm Hg for 30 min, followed
by centrifuging (2,800 rpm) to separate the oil from the
earth (93.3 g, 97.6% recovery). Degurmed and alkali-refined
oil (101 g) was also simultaneously bleached and char-
treated by mixing with AOCS neutral earth (1 g) and char



VERNONIA GALAMENSIS 303

(2 gi at 60 ¢ ana 1S mm Hg Pressure for 45 min, centrifuging
(2,800 rpm) and Separating the oi] (93.9 g, 92.9% recovery) .

PREPARATION aND PROPERTIES OF  COATINGS

Char-treated Vernonia oil} (3.58% Oxirane, 1.35% FFA),
with or without metallic driers (Co, Mn, zr; 0.01-~0, 20% by

(The Q-Panel Co., Cleveland, Ohio, 4 x 8 x 0.032 in.) in a
£film initcially 0.0C4 in. thick. Panols ware then baked in
an oven at temperatures of 150, 175, or 200 C (= 5) for
Periods from 10 to 120 min.

160 in.-1b direct anc reverse impact (D2794-69) .
Chemical resistance of the coatings to alkali, acid,
and solvent wag avaluated visually with time by covered spot
tests (D1308-57), by Placing 1y Spic and Span solution
(PH 9.9), 5% aqueous HCl, ang Xylane, respectively, at
different locaticns on the Panels, Discoloration, changes
in gloss, blistering, softening, swelling, and loss of
adhesion were noted.

RESULTS AND DISCuUssION

The "hairiness” of the seeds (Fig. 1A) Presents special
problems of bulk in the handling and Processing steps. 1n
addition, the fibrous debris (Fig. 1C) is a nuisance and can
be an irritant at all stagas. Once the sced is "dehaired, "
which occurs readily in the tempering stage to be discussed
below, the sead can be nicely flaked in preparation for oil
'oxtraction. A sacond special consideration in Processing v.
galamensis seed ig FFA levels in the extracted oil. High
lipolytic !NZyme activity is Present in many seads, and

taken to destroy this activity or large amountg of FFA may
be formed once tha seed is crushed (1.5.6,9,28,29).

CONTROLLING LIPASE ACTIVITY

Our initial experiment was designed to tell g what
temperatu:e/timc/moistu:e conditions were needad t> inacti-
vats this enzyme System in whole V. galamensis seed. Fig-
ure 2 shows profiles for seed temparature, moisture, and oil
obtained in the laboratory with 454 g of whole Vernonia seed
during 60 min of dry heat followed by 90 min of moist heat
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after water had been added to the system. Seaed samples were
removed at regular intervals for the moisture and oil
analyses. Extractable oil rose from 38% in the ambient seed
to 42% in the fully tempezed seed (155 min) and dropped only
slightly when the seed was dry heated at 130 C for an
additional 120 min, Although the seed moisture was raised
only to 8% in thig experiment, thig appeared to be suffici-
ent at 99 C to inactivate lipid hydrclyzinq enzyme (s) in the
whole seed. This was determined quickly by examining the
oil extracted from the seed aliquots for FFA using IR
Spectroscopy and TIC.

Figure 3A-C ghows IR spectrz for oil extracted from 0,
60, and 120 mip seed aliquots representing ambient, dry-
heated, and moist tempered seed, raspectively. Significant
hydroxyl (2.8-4 um) and carbonyl (5.80 um) absorptions dye
to FFA carboxyl groups are observed in the oil extracted
from both ambient (Fig. 3A; FFA ~ 15-20%) and dry~heated
seed (Fig. 3B; FFA ~ 10~-15%). Not surprisingly, lipolytic
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FIG. 4. TLC of V. galamensis oil extracted from seed ali-
quots removed during tempering run shown in Fig. 2: Amb =
ambient seed; D 0’ D60 = 30 and 60 min dry-heated seed;
HZO*H 0 = 20, 48, 60, 90 min moist-heated seed; BO = oil
from gulg tempered seed; AWO = alkali washed oil.

activity was only partially reduced by the dry heat treat-
ment {(28), which also lowered the seed mcisture to 3.5%.
Moist heat, howaver, greatly reduced lipolytic activity
within 20 min, and FFA absorptions at 2.8-4 um and 5.80 um
are absent {rom the IR spectra of oil extracted from 40, 60
(Fig. 3C), and 90 min moist tempared seed (moisture 8%).

TLC analysis of oil from the varicus tempered seed
aliquots was also instructive (Fig. 4). 0il from ambient
seed (Amb) and from dry heated sead aliquots (Dig, Dgg)
contain FFA in the form of vernolic acid (at Rf 0.2-0.25).
Moist tempered seed oil (Mg, Myg, Mgg. and Mgg) and the o1l
from the bulk sample of tempered seed (BO) contained much
less free vernolic acid. For comparison, the right hand
lane is oil that had been washed with dilute alkali (AWO) to
remove FFA. In descending order, the major spots on the
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chromatogram are (Rf): norual triglycerides (0.6), mono-
vernoyl triglycerides (0.%), divernoyl triglyceridss (0.4),
trivernolin (0.3), and vernolic aci? {0.25). In this ini=
tial experiment, the bulk oil (lower curve of Fig. 3),
obtained from the fully tempered seed, containzd only 1.23%
FFA and exhibited uypical epoxy absorptions at 11.8 and
12.1 um (30).

From these results, we felt confident that a seed
mojisture above 8% and a tempering temperature of 95-100 C
for 60~90 min would suffice to inactivate lipid hydrolyzing
enzyms(s) in the whole seed. Threa similas 454 g runs were
made wherein the 2ry heat periods were eliminated and
sufficient moisture was added to the system prior to the
heating cycle to give a final moisture content of 8-15% in
the tempered seed. Tempered and air-dried sead was then
flaked and extracted with hexane. Table 1 summarizes the
results of the four laboratory runs. Average oil recovery
was 139,.7% or 95.7% of theory (41.58). IR and TLC analyses
of oil from runs 2, 3, and 4 indicated very low FFA lavelgs,
and FFA content of the composite 0il from the four runs was
0.78%. Of tha flake input, an averzge of 97.1% was recovered
as meal and oil after extraction.

In the pilot plant scale-up, tempering was accomplished
by adding sufficient water to prehesated seed (95 C) to raise
the seed moisture to 14% over 90 min of tempering. Tempared
seed was air-dried and flaked. 0il was extracted from
2.8 kg of these flakas in a percolation cylinder by collect-
ing 3 L of hexane from each of five percolation extractions
of the flakes. 0il was isolated separately from each extrac-
tion. 0il recovery and vernolic acid content of the oil

o’
TABLL 1

Flake and 01l Racovery in Laboratory Runs

0il out

Run  Bexans, Flakas Flakes [} 0il ¢ flake

no. L in, ¢ ous, ¢ q {db) recovery,
l 5.8 les 211 137 39.4 95.13
2 4,5 432 249 159 8.4 94.3
3 S.1 a7 2356 158 19,7 99.1
] 6.0 422 234 163 41.1 9.4
21,1 1,636 970 (28] 39.7% 97.1

93.7% 011 recovery; theory = 41.50% oil (dry weighe
basis).
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fractions are shown in Figure 5 (see also Fig. 6, curve
LLP). Note that 708 of the oil was recovercd in the initial
hexane fraction while only 1%\ was recovered in each of the
last two fractions. Greater than 98% oil recovery was
achieved with only 0.42% FFA in the o0il, and the spent
flakes contained only 0.91% residual oil. Vernolic acid
appears to be enriched in the first two fractions relative
to the latter three extracts, implying that initially tri-
glycerides rich in vernolic acid are preferentially ex-
tracted. Thus, a simple means may be available for obtain-
ing oil with higher epoxy contant than the whole V. gala-
mensis oil.

OIL EXTRACTION AND RECOVERY

With no apparent problems with lipolytic enzyme inac-
tivation or FFA build-up in recovered oil, larger scale
extraction was attampted next. Two rethods of oil extrac-
tion were explored briefly in the pilot plant--soxhlet and
steep-type hexane extraztions. The results of th¢se expar-
iments are summarized in Table 2. The soxhlet apparacus
functioned rather poorly with hexane, So both these runs
vwera completad with several steep extractions to recover as
" much oil as possible. Cycle times werea short, of the order
of 7-15 min, resulting in little time for hexane to diffuse
into and out of the flake magss. While the lower residual
oil in the spent flakes of run 1 suggests higher overall
extraction efficiency relative to ryn 2, the lower extrac-
tion yield (39.6% va. 41.0%) and lower level of oil account-
ed for in run 1 (92.5% vs. 96.7%) both suggest that oil was
lost in run 1. The loss possibly relates to the fact that
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extracted oil in run 1 was exposed to boiling hexane in the
soxhlet pot for a much longer time. Resinous material found
in the soxhlet apparatus after these two runs could account
for oil loss by way of polymerization. Including the fin-
ishing steep seqments, both soxhlet extractions were rela-
tively effective because the spent flakes contained less
than 1% residual oil.

The soxhlet thimble served as a reservoir for the two
Steep extractions. These cold extractions were less effi-~
cient than the overall soxhlet extractions as shown by the
relatively high residual oil levels in the spent flakes, and
by the lower sxtraction yields (89% of theory). However,
note that all oil originally present in the flakes is ac-
counted for in these runs, sypporting the idea that resin
formation leads to some loss of oil in tha "hot" soxhlet
extractions.

Some idea as to tha relative extraction afficiency of
these runs can ba seen from Figura 6. Points on these
curves represent extraction fractions from which oil wag
isolated and for which cumrlative solvent/flake ratios and
cunulative recovered oil were calculated. Since contact
times for equivalent cumulative solvent/flake ratios were
not necessarily the same, caution is necessary in interpret-
ing these results. The initial eight cycles of soxhlat
extraction ) (Fig. 6, open circles) recovered 83% of the
oil, with most of this recovery (80%) occurring in the first
four cycles. The next 43 cycles (not shown) recovered only
an additional 3% oil. Thus, the cycling portion of this run
was ineffiZient for total oil recovery. The three finishing

TANLL 2 .

Pllot Plan€ Extractions of Vernonia Flakcs

Qil
In

zxulcugn Plakes . spent
sethod, Xq Moisture, Oil,” Lxtracgion s of flakes, Accounted
un no. extracted \ 1Y yield, o cheory \ for,
soxhlet, 1 s.0 7.32 43.2 9.6 9.9 0.43 92.3
Soxhlet, 2, 3.9 7.32 4,2 41.0 94.9 9.80 96.7
Steep, 1 4.0 6.2¢ 42.9 30.4 89.1 4.70 100
Steep, 2 4.0 6.26 42.9 38.5 9.3 6.67 (10%)

“Sm:hh: 1: S1 cycles and three stedp extractions. Soxhlet 1: 22 cycles and six
steep axcractions. S$Sraep l: six l-hr steeps. Steep 2 aix l/2-hr steeps.
N of flaks weight, dr.y weight basis.
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Steeps account for the higher oil recovery shown for this
run in Table II (91.Sw). :

Results of the two pPilot plant Stecp extractions ware
the same; i.e., oil recoveries fall on the same curve (Fig.
6, open triangles) whether thg Steep durations were 30 or
60 min. Only points for the run with 30 min steeps are
shown. The greater extraction efficiency of the steep
extractions, relative to the ¢ycling portion of the soxhlet
run, is apparently dua to the longer centact time between
hexane and the flake mass within the cheesecloth bag.

The most efficient extraction was the large laboratory
steep/percolation experiment (open squares) whare contact

. time averaged ca. 1} 1/2 hr at room temperature (sece also
Fig. S). Diffusion into and out of the loose flake masg in
the extraction cylinder was pProbably easier than in the
tightly bound flake mass in the pilot plant runs. This
percolation process more nearly reflects commercial extrac-
tor conditions insofar as <he flaks bed is concerned. Even
the short contact time of 15 min for the small laboratory
parcolation experiment, also with 2 loose flake mass (solid
squares), recovered oil more efficiently than the longer
pilot plant steeps (open triangles). The single solid
circle (®) in Figura 6 represents the average oil recovered
in the four iiitial laboratory experiments (Table 1), which
focused on enzyme inactivation. These extractions also
utilized a steep/parcolation procedurs similar to the large
laboratory extraction {open squares), although contact times
were generally shorter and total solvent used was slightly

mere than doubled.

EVALUATION OF OTHER PROCESSING STEPS
Seed and Fiber Saeparation

Figure 7 summarizes the various processing steps used
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FIG. 7. Processing steps to V.

7~ galamensis o:l. Char = charcoad.
NG | | treatmenc; Alk Ref = alkali
gt = A refining.

in our studies. Concentrating on the upper portiocn of the
fiqure first, the cleanrtemper+flake scheme is most logical
in terms of standard processing procedures and would reduce
bulk, saving energy and capacity in a processing plant. To
be effective, howevar, cleaning equipment should mechani-
cally manipulate the seed sufficiently so that the pappi and
seed hairs are abraded from the seed. We had little success
in straight screening or air aspiration, except to remove
fine particles, dust, and some fiber (1-5%). Adequate
precautions should also be taken to isolate this fibrous
debris from work arsas because of possible allergenic
factors.

During tempering, the seed loses its pappus and most of
the body hairs dua to the tumbling, abrasive interactions in
the moist environment of the tempering unit. This fibrous
debris (Fig. 1C) agglomerates around shafts and stirring
devices and 1-2% can be separated manually from the seed
mass at this point. If tempered seed is flaked (middle
scheme, Fig. 7) then ca. 18% fibrous material can be aspir-
ated away from the flakes by repeated passes, but this
process is inefficiept; not only is flake loss a possibil-
ity, but such manipulations will lead to increased fines
going into the extractor.

All our pilot plant experiments used the temper—clean—
flake scheme (Fig. 7) where tempered seed was passed through
a Bates Laboratory aspirator which removed 12-15% fibrous
debris. Only the physical bulk of the uncleaned seed in the
tempering unit is a drawback to this otherwise excellent
process to separate seed and fiber., Fiber cortent of tem-
pered, cleaned, and defatted flakes from this process was
ca. 10-11v on a dry weight basis (Table 3).

Seed Flaking

A standard flaking mill with 12 in. smooth rolls set
at 0.003 in. gave compact flakes of 0.002-0.003 in. thick-
ness. The original seed length of 5-6 mm was generally
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retained while the width more than doubled to 3-3.5 mm. The
snowy white interior of the seed glistens when viewed under
a microscope due to the high oil content. Seed flaked at
5.3V moisture gave more fines than seed flaked a. 7-10%
moisture; the additional moisture and high oil content
combined to give virtually intact flakes from each crushed
seed (Fig. 1D). All our flakes were prepared at room tem-
perature from seed that had been tempered and then air
dried. Since we experienced no difficulty in preparing
satisfactory flakes for our studies, we did not try to
define an optimum seed moisture or to look at temperature as
a factor in flaking the sead. The physical integrity of the
flakes during mechanical handling may be dependent on seed
moisture and temperature at the time of flaking. Ia our
limited experience, the defatted flakes (Fig. lE) retained
the.r physical integrity rather well.

0il Refining

The pottom portion of Fiqure 7 illustrates several oil
refining steps investigated in our studies. Dequmming with
2-4% water resulted in 2-3% oil loss as did bleaching with
2% of a neutral bleaching earth. However, rather stable
emulsions were formed during alkali refining, resulting in
lossas of up to 17% o0il, and more work needs to ba done in
this area if alkali refined oil is desired. FFA content of
all our oils averaged 0.6%, and alkali refining reduced this
to 0.1v. Charcoal was the only treatment that removed much
color from the oil. Crude-oil with color of Gardner 10 went
to Gardner 6-8 upon 2% charcoal treatment, and to Gardner
2-3 with 5% charcoal treatment. With 2% charcoal oil loss
was 5%, whereas with 8% charcoal the loss was unacceptably
high at 22%. For current anticipated uses, the degree of
refinemant is probably not critical.

TLC Evaluation of the 0il

Figure 8 compares the TLC behavior of some V. gala-
mensis oils prepared in our study (lanes 3-9) with several
reference materials: V. anthelmintica (lane 1) and Sto-
kesia laevis oils (lane 2); saponification products (FFA) of
V. galamensis oil (lane 10); and msthyl esters prepared by
BF3j/MeOH treatmant (lane ll) and by sodium methoxide/MeCH
transesterification (lane 12). The major spots represented
are (Rf; lane #): vernolic acid (0.2-0.3; 2,10); methyl
12(13)-hydroxy~13(12}-methoxy-octadec~9-aencates (0.25-0.30;
11); trivernolin (0.30-0.35; 1,3-9);: normal fatty acids
(0.35-0.40; 2,10); divernoyl triglycerides (0.40-0.45;
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1-10); monovernoyl triglycerides (0.50-0.55; 2~9); methyl
vernolate (0.55~0.60; 12); normal triglycerides (0.65-0.70:
1-9); and normal fatty acid methyl esters (0.75; ll-12).
The V. anthelmintica oil consists largely of trivernolin,
whereas the Stokesia oil normally has a more random distri-
bution of the vernolic acid in the triglycerides (l6).
However, both 0ils had been prepared without adequate seed
tempering and contained large amounts of FFA, 13% and 65\,
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FIG. 8. TLC of epoxy oils, FFA, and methyl esters. (1)} V.
anthelmintica oil (133 FFA):; (2) Stokesia laeviiu oil (65%
FFA). (3*9) V. galamensis oils: (3) and (4) laboratory
extracted and 2% charcoal treated: (5) pilot plant soxhlet
extracted and charcoal treated; (6) pilot plant steep ex-
tracted, crude; (7) degummed (6); (8) degqummed and alkali
refined (6); (9) degqummed, alkali refined, and bleacked (6):
(10) FFA from saponificaticn of V. galamensis oil; (11)
methyl esters of V. galamensis oil by BF, method; and (12)
methyl esters of V. galamensis oil by sodium methoxide in
methanol. :
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respectively. The major TLC spots from the V. galamensis
oil are (by quantitative column chromatography): 45% tri-
vernolin, 35% divernoyl triglycerides, 9% monovernoyl
-triglycerides, 5% normal triglycerides, and 6% other ma-
terial. The trivernolin content is intermediate betwaen
that of V. anchelmintica and E. lagascae (7). The vernolic
acid-containing triglycerides are in the rutio 51:37:12.

The ratio of normal fatty acid mathyl esters to methyl
vernolate (lane 12) was found to ba 22.5:77.5, while the
same ratio (23:77) was found for the normal methyl esters to
hydroxy-methoxy mathyl esters from the BF3 ester preparation
(lane 11). Again, this same ratio (24.76) can be calculated
for normal fatty acids vs. vernolic acid by using the tri-
glyceride distribution given above for the Vernonia oil.

Analyses of Defatted Flakes and 0il

Table 3 lists analyses obtained on defatted flakes.
The high crude Protein level (42.5%) is accompanied by
relatively high levals of crude fiber (10.9%) and ash
(9.5%). Amino acid analyses of V. anthelmintica seed meal
by VanEtten at al (31) indicated that methionine and lysine
contents wers limiting factors for its use as the only

TASLE )

Analyses of Vernonia galamensis Defatted nuu‘

Analysis ) \

Holisture .7

oil 0.43

Protein (W x 6.28) 42.52

Pider 10.88

Ash 9.52
Anino Acids:
Essential q/18 g N Othax q/16 g »
Arginine 7.2 Alaaine J.92
Aiscidine 2.27 Aspartic acid 8.40
Isoleucine 1. 68 Cystine 1.18
Leucine 6.6 Glutamic acid 18.06
Lysine 4.02 Glycine 6.00
Methionine l.88 Proline ). 66
Phenylalanine 4.3 Serine .79
Threonine .74 Tyrosine .99
Valine 4.48

'l«d tespared, flaked, and defacted; dry weight basis;
43.2% oil Lin original seed.
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source of protein for animal feeding. Normal growth rates
have been reported (1) for rats fed autoclaved (but not raw)
V. anthelmincica meal at a 20% dietary level for 90 days.
While nc feeding studies have yet been done with V. gala-
mensis meal, its higher lysine, mathionine, and phenyla-
lanine levels relative to V. anthelmintica meal suggest an
amino acid balance mora nearly adequate for optimum rat and
chick growth (31). The levels of essential amino acids
(Table 3) may be compared with the followirg levels in
defatted soy meal, (32)--Arqg 7.6. His 4.2, Ile 4.4, Leu 6.7,
Lys 6.0, Met 1.4, Phe 4.5, Thr 3.7, and val 4.5.

Oil analyse:z (Table 4) show that oxirane oxygen levels
varied little, averaging 3.83%. Most of our film studies
were done with oil having the lowest oxirane oxygen (3.58%)
and highest FFA laevels (1.358). Oils which were chromatco-
graphically cleaner (less low RY material hy TLC) tended to
require a catalyst for good film formation. 0i] viscosity
(112 cps) was not affectad by refining procedures. The GLC
analyses in Table 4 show the range of vernolic acid (72-78%)
found in our crude or charcoal-treated oils. Some extrac-
tion f.actions, ©.9., as shown in Figure 5, had even higher
vernolic acid levels (82-85%). The only acid present abova
10%, besides vernolic, is linoleic (12-14%). Palmitic,
stearic, and oleic acids each account for only 2% to 6\ of
the acids in the oil. The composition is quite similar to
V. anthelmintica oil (l).

"COATINGS FROM V. galamensis oOIL

V. gqalamensis oil shows promise for use in the coatings
industry, possibly as a coatings material in its own righe.
Films formed on stael Q-panels have exhibited outstanding
adhesion and flexibility. Table 5 shows the metallic
driers and baking conditions used in preparing the coatings
and results of Swaid hardness tests on the films. Drier
concentrations ranged from 0 to 0, 2% by weight, and baking

‘timas ranged from 30-60 min at 150 €, 30~120 min at 175 ¢,
and 10-20 min at 200 C.

Coatings formed under these conditions were evaluated
for their physical properties, e.g., hardness (Sward test),
flexibility (direct and reverse impact and conical mandrel),
and adhesion, and were evaluated also for thair chemical
resistance to alkali (PH 9.9), acid (5% HCl), and solvent
(xylene).

With regard to hardness: (a) there was no increase
with aging over 3 weeks; (b) there appeared to be an in-
Crease in hardness with adied driers (vs. none), cf. A &

B, D & F (Table S), but nite that at the highest tempera-
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TABLE 4

Analyses of Vernomia galamensis O:il

No. of Value
Analys:s samples Range Average

Oxirane oxyqen, wt 13 3.58-3.92 .83
Free fatty acids, wt o 11 0.39-1.13% 0.54
Free fatty acids in alkalai-

refined oil, vt 4 0.10-0.12 0.11
Gardner color in:

Crude ol - 10-11

Degqumned oil - 10-11

Chu-tn‘nd (2%) ol am 8-9

DABC oil - 6-7

Char-treaced (8%) oil - 2-)
Viscosity, centipoises b 12 107-119 112
Fatty acii ccmposition, V', .

Vernolic 72,2~78.0

14:0 Trace

16:0 2.7-31.3

16:1 Trace

18:0 2.7=3.9

18:1 3.6-%.6

18:2 12.6~14.0

18:) Trace=0.3

10:0 0.2-0.9%

20:1 0.2-0.4

;Dnv_d. alkrli-refined, bleached, and 2% charcoal-treated.
As mathyl esters Dy GIC.

TABLE 3

Coatings on Steal Panals from V. galamensis 041

Sward
harzdness
at days

Orier systea Baking scheduls of
S metal Time, 29ing

Run Co ] zr Tamperaturs, C ain b ] 21

- —— L] 150 60 4 ]
| 0.01 0.0l 0.1l0 150 60 12 10
[ 0.0l 0.01 0.20 150 30 4 4
-] —— —— o 178 30 2 2
r 0.02 0.02 0.20 178 Jo 8 4
G 0.0l 0.0l 0.10 178 60 16 15
[] 0.0) 0.01 Q.10 175 120 25 24
t —— ——— —— 200 20 10 12
J 0.01 0.0) 0.10 200 10 6 4
4 0.0) 0.01 0.20 200 20 12 12
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ture, driers did not increase hardness, cf. I & K; and (c)
there is increased hardness with baking time, cf. B & C and
F, G, & H, and also an apparent increase with baking tempera-
ture.

Color of the coatings increased with the baking tem-
perature, e.g., at 150 C the coatings were nearly colorless,
while at 200 C they were golden yellow. Increased baking
times also increase the color. .

Chemical resistance to alkali was very good considering
all the triglyceride ester groups in the film. Resistance
to 1\ Spic and Span solution exceeded 72 nr for panel K and
31 hr for panel I (Table V). Films baked at 200 C generally
had improved properties, probably because they are more
thoroughly cured and crosslinked. All films vesisted S% HCL
for over 48 hr, although vapor penetrated some and rusting
then eventually occurred. All films resisted xylena for
over 8 hr. Some softened after 24 hr, but panels baked at
200 C, e.g., I and K, ware unaffected.

The physical propartias of these films are their
outstanding features. All films withstood 160 in.-lb of
direct and reverses impact, indicating extremely good flex-
ibility and resistance to chipping. All films passed the
conical mandrel test, also illustrating their flexibility,
excellent adhasion to substrate, and cohesive film proper-
ties. Coatings readily withstood cutting, drilling, and
trimming without loss of adhesion or chipping at the cut
edge. A pigmented coating was prepared using TiO; (20w,

200 C, 20 min), which exhibited these same good properties.

CONCLUSIONS

0il obtained from V. galamensis seed is suitable for
preparing bakad films or coatings. Preventing lipid hy-
drolysis during oil extraction is no problem if attention is
given to moist tempering of the seed prior to flaking,
crushing, or grinding. Since the oil level is high, a pre-
press solvent extraction process may be possible and would
likely be most economical, in which case proper tempering
prior to pressing would be necessary to give low FFA oil.
Wayy to remove the hairy fibars from the saed need to
furth~r explored since the economics of handling, stiiage,
and proccessing will be affected by this characteristic.

Since work reported here was completed, wa have found
that not all our oil samples were equally suited for uncata-
lyzed polymerization, possibly because natural promoters of
film formaticn may be remover during oil extraction or
refining steps. Additionally, experiments have shown that
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this type of polymerization to hard coatings is not limited
to V. galamensis oil, and may be characteristic of most
high-epoxy oils or materials. For example, both V. anthel-
mintica and Stokesia laevis oils formed films under similar
conditions, though they contained high levels of FFA. And
compatibility of V. galamensis oil with other coatings
materials appears promising.
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Conservation versus
Development in
Africa’s Drylands

East

by Daniel Sties

Does the economic potential of
some indigenous plants offer a
passible solution to the conflict
between people and wildlife in

|

Much of East Africa is made up of ‘dry.
lands’, defined by the United Nations as the
and, semi-arid, sub-humid and productive
parts of the hyper-arid climatic zones, Most
of the larger game parks are found within
these climatic zones as well, Today, it is
largely within these dryland regions that the
battle to conserve wildlife is taking place.
The fight has largely already been lost in
the high potential 2gricultural areas, except
for a few pockets of protected forest or
national parks, which find shemselves
under great pressure from the surtounding
population.

More and more people every year,
particularly in Kenya, are moving from the
overcrowded high potential farmlands into
the bush of the dryland:. Slash and bum
shifting cultivation and livestock grazing
are the typica’ forms of subsistence of these
poor segments of East African society.
Without  expensive inputs such as
irrigation, fertilisers and pesticides, it is

Shifting cultivation and overgrazing by
livestock are leading to destruction of the
natural vegetation — mainly various types
of thorn bush and savannah, which also
happen to be the habitat of the majority of
East Africa's remaining wildlife.

There is sull abundant land to support

Vemonia galamensis might well be the
most important new plant for the 1990s.
The seeds produce an oil and epoxy acid
that heve preat potenzial as gn
environmentolly soiind replecemen: for
volatile solvente



... drylands

viable wildlife populations, bui with an
exponentially increasing human population
itis clear that this situation will not last very
far into the future ~ particularly with the
destructive land use practices of today.
Even the use of extensive crops such s
cotton, wheat and rice, which are favoure.'
by local governments and aid agencies for
‘proper’ agricultural development in the
drylands, results in the destruction-of the
natural vegetation . It also 'sads to the long
-term  environmental problems of: soil
salinisation, a build up of toxic w. ~g and
other soil, water and health hazara, ‘hey
require high inputs.

It has become a ciiché to talk about
‘environmentally  sustainable develop-
ment’, but nevertheless the concept is with
us for the forseeable future, It is a concept
that has many proponents but almost no
practitioners. Kenya's President, Daniel
arap Moi, has pointed out in many speeches

1tly that the future in Kenya lies in the
0. ,1ands and he has implored people to find
ys of making them productive. The same
could be said for the rest of East Africa. If
sustainable development is nct carried out
right from the beginning in the fragile dry-
lands, the future willi be short. Already,
large parts of northem Kenya, central
Tanzania, north-castern Uganda and the
dry Rift Valley have undergone desertific-
ation, but little land has been irreversibly
affected and it is not too late to rehabilitate
it.

One arez that has, strangely, received
little interest from local governments
or aid agencies is the use of indigenous
natural resources that need no or low
‘nputs. The most obvious natural resource

-

naring cf juice and other food products.

—

is the indigenous vegetation, Not very
pleasant to look at in the dry season,
this Acacia-Commiphora thorn bush bursts
into flowers and greenery during and after
the rains. Myriads of wild animals and birds
make use of i~ abundance for food and
shelter. Does it have anything to offer to
humans, other than secondarily to our
livestock?

From the times of antiquity and the first
century A.D. Peryplus of the Erythraean
Sea, and through the accounts of Persian,
Arab and Indian traders from the 9th to
18th centuries, the aromatic resins of Zinj
(East Africa) have been mentioned as
valued items of commerce. The principle
resins are frankincense and myrrh. Few
people realise that th: East African dry-
lands are full of the trees which produce
these resias, and mzay other resins, gums,
oils and extracte of high economic
potential. There are also shrubs with great
potential, such as Aloe, Vernonia, Law-
sonia and others.

The products from these trees and shrubs
are a renewable resource, and commercial
exploitation of them can be carried out in
such a way that no environmental damage
is done to the land. Since wildlife poses
little v no threat to the products (except
for baboons and ostriches which eat gum),
the traditional conflict between farmer and
wild animal is largely avoided. Although
there are many trees and shrubs with poten-
tial, let's review a few of the better
developed ones:

Acacis : This well known ‘wait-a-
bit" thorn tree produces gum arabic, a
natural substance sought after for use as an
emulsifier or stabiliser in a wide variety of
food and beverage products, printer's ink,
paper, textiles, pharmaceuticals, etc. The
Sudan currently provides 80-90 per cent of

"he pods of Tamarindus yield tamarind, used as a flavouring in curries and in the a}/ u

D

The aromatric resin of Commiphora trees is
used in perfumes, food flavourings and
incense.

the world’s supply, but there is great scope
for increases in production to meet market
demand. Over the last several years, due to
falling production and rising prices, many
users have switched to other gums or starch
synthetics, but gum arabic is ideally the
most desired because of its particular pro-
perties. This tree can grow ia very dry areas
(less than 300 mm average annual rainfall)
in very poor soils. Gum collecting and
marketing is being done on a small scale in
parts of Kenya and Tanzania (and
Somalia), but it is inefficient and qQuality
control is poor. .

Stsreulie sp: In India ons species of this
tree produces a gum called karaya, which is
of considerable commercial and industrial
importance. It is used as a thickening agent
for printing pastes in the textile industry
and in pharmaceutical and medicinal pro-
ducts such as lozenges, emulsions, lotions,
sprays and pastes. It is alss used in laxa-
tives, and one collector in Kenya is selling it
to a French company for this purpose.
Other important uses for the gum are in the
paper and leather industries, and it is
employed in the food, baking and dairy
industries because of its binding and water-
holding capacities. Many Sterculia species
have edible seeds, rich in fatty oil. If one or
more of the East African species yields um .
similar to karaya, it would have good
market potential.

Boswellla sp: This small, spindly tree
produces frankincense, also kiown as
olibaflum. This resin is used in the pro-
duction of incense, lotions, perfumes and
food flavours. Top quality frankincense
‘tears’ command a very high price on the
international market.

myrrhs: The taxonomic
situation of the commiphoras is confused
and other names have also been given 10
the myrrh tree. In fact, more than one
species might produce the ‘myrra resin.
Myrrh is used in incense, pharmacology,
perfumes, in the formulation of bitters and
flavoured wines, and in flavouring bever-
ages, candy and soups. An unknown quas-
tty of myrrh is collected and exported from
Kenya's north-eastern region to China and
Japan, some of it through Somalia.
Coaxmipbora erythrasa/holtrigue: This
tree produces the epepanas =23in w hied: &y
similar to myrrh and us:d i; perfumery and
flavouriag of aicohyiic Deverages. Another




similar in use t0 opopanax. These are also
exported from aorth-castern Kenya to the
Far East.

All of the Boswellia and Commiphora
resins are often processed into resinoids
and essential oils prior to their use, thus
offering a secoadary azro-industry in East
Africa if they were to be developed. Studies
are currently underway in the U K. on the
medicinal properties of the resins, which so
far look very promising.

Tamasrindus indica: This attzactive tree,
which grows wild but can also be ysed asan
omamental plant in gardens, produces s
large seed-pod and seeds which are edible.
The fruit pulp can be used in -curries or
made into a drink or sherbet, and the seeds
are caten roasted, boiled or as floyr. They
are also used in the sizing of cloth, paper
and Jute products and as a vegetable gum in
food processing, .

Lawaoals tarmnis: The leaves and
branches of this shrub, which grows along
river and stream courses, produces a
reddish-orange dye called henna usedin the
Muslim world for decorating women's
hands and feet and dying men's beards. In
the West it has become very popular for use
in hair shampoos, conditioners and rinses.
Extracts are used as wood stain and fabric
dye and the essential oil of the flower is
used'in perfumes.

Aloe sp: Aloes from Barbados and
South Africa produc: juices from the
succulent leaves which 80 into skin creams,
ointments and cosmetics. The latex is used
in laxatives and veterinary medicines. East
African aloes have Fotential in these areas,
hut past experience has been unfoi sunate.
rarge numbers of sloes were destroyed in
northem Kenys in the early 19803 when
word went around that the Jeaves and juice
were worth mosey. This prompted Presi-
dent Moi to ban their destruction. Since
aloe juice quickly loses its potency, due to
oxidation, unless protected with additives,
the several tons collected and dehydrated
nevee found a market, Following testing,
aloc species with economic properties

ould be grown and the juice property
treated for export sale.

Vernonia

. strongly with the
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The author in front of a Commi
valuable resins.

produce an oil and an €poxy acid that have
tremendous potential in the manufacture of
plastiss, nylons, industrial coatings,
adhesives, vamiskes and paints. It can act
in the place of volatile solvents, which are
bzing banned by environmental protection
legislation as ‘the gases they give off
contribute to destruction of the ozone layer
and to the greenhouse effect. The oil is
biodegradable, which introduces the
possibility of the biodegradable plastic bag,
The plant likes to grow in shade, s0 it would
be a good candidate for cultivation in an
agro-forestry configuration, perhaps in
Plantations of some of the trees mentioned
above,

Of course, the potential market for
these products is a crucial factor., Markets
are strange things, and they interact

quality, quantity,
reliability of supply and price of any given
product, which  determine ultimate
demand. Today's demand for a product is
not necessarily an indication of tomor-
row's, if the supply factors named above
change. The supply of most gums and resins
today is haphazard and relatively expen-
sive, which limits demand, A well

R T AN

phora, producer of

myrrh, opoponax and other

organised and managed supply, howe-
could dramatically change the situat:
People - and industry - prefer h
quality natural products to chemical 2
artificial substitutes if al} else is equal.

All of the plants named above :
indigenous to East Africa and are a larg:
unexploited natural resource. There :
others not mentioned here. In some are:
the trees are numerous enough to alic
commercially viable tapping and collecti
of the resins and gums in natural w
stauds. In other areas, particularly «
degraded land, it would be more practic
to establish nurseries and plantations
rehabilivate the land. With proper planni:
and management, conservation of wildli
could be integrated into the development
these plants and their products. Who sa
money doesn't grow on trees?

Daniel Stiles received his PhD in anthropology from
the University of California, Berkelsy. He firs
came to Kenya in 1971 1o dig for early man at Koob:
Fora and settled in Nairobi (o teach at the university
in 1977. From 1943 10 1988 he worked for UNEP

and now he isan independent consultant and wnter,

for families ana smal| groups.
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Telex: 22388 “TRIHO", Fax: 254-2-740721

California (213) 541-2011 (Call collect).
EN - Twickers World, 22 Church St,,
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Vernonia, New Industrial Qi Crop

Does the pine tar smell of wet paint
make you ill? It doesn't have to...smell,
that is.

The characterisiic odor of fresh paint
is caused by the volatiles in it—mole-
cules that readily evaporats into the air
in large amounts, which makes them
casy to smell.

These smelly organic scivents have
become increasingly recognized as a
factor in air pollution. New restrictions
on their use have been passed in Califor-
nia, New York, and Mew Jersey, and
other states are likely to follow.

But a new potential industrial oilseed
-top Vernonia galamensis is the sourcs
of a diluent that could substantially
reduce such air pollution, at least in oil-
based paints. according to Agricultural
Research Service botanist Robert E.
Perdue, Jr. He has been actively re-
sezrching the crop since 1984, although
his interest in it dates back to the early
1960°s, when he first collected some
vemonia seed in Ethiopia.

Perdue works in ARS' Systematic
Botany, Mycology, and Nematology
Laboratory at the Be“sville Agricultural
Research Center in Beltsville, Maryland.

The low viscosity of vernonia seed oil
will permit it (o be used as a solvent in
paint, one which because of its unique

10

1987 yield is equivalent to 2,230 pounds

chemistry will become part of the dry
paint rather than evaporate inio the air,

“Besides its potential for use in paint.
vemnonia oil has a lot of other industrial
poscibilities,” Perdue says. "It could
eventually be a replacement for petrn-
I=um as a source of the raw materials for
componen's in the manufacture of
plastics.

The plant, a native of Eastern and
Cential /ifrica, is a relative of the thistle,
It is thomless, with lavender flowers that
set 1-inch clumps of brown seeds.

Commareial probability for raising
VeImonia rests in these seeds. “They are
an incredible: source of a naturally
epoxidized 4il," Perdue says.

Because i crop grows well in
tropical and subtropical semi-arid envi-
ronments with as little as 8 inches of
rainfall, vernonia may be a welcome
new crop in African countries such as
Zimbabwe and Kenya. Agronomists in
both nations are cooperating with Perdue
in projects to discover the best ways to
grow a crop that has aever been culti-
vated before. ‘

Agronomists in Zimbabwe doubled
the yield from 1.2 metric tons per
hectare in 1986 to about 2.5 in 1987
through improved management. (The

At the Cliredzi Research Statien io
Zimbabwe, Africa, ARS botanist Robsrt
Perdue (left) and agreaoeist C.7. Nyatl
of the Ministry of Lands, Agriculture, and
Rural Resettlement, invpact a fleld of
Vernonia galemansis 125 seeds (left) are a
source of naturally epexidized oil, which
coating experts believe can be used as 3
non-air-polluting solveat in the manufec-
ture of oil-based paints, (seeds K-3137-1,
flower K-3137.2)

g
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acre.) They expect they can incresse
Triat by breeding betier varieties, Perduc
says.

“This secins reasonable, considering
that when soybeans were first grown in
the - “‘ted States in the 192Q’s, the yield
was 060 pounds per acre and now the
average yield is 2,040 pounds per acre
and increasing,” he says.

Researchers there have already dis-
covered that the plants benefit from
being topped—cut off at about 6 inches
above the ground—io produce many
bnnchudmzcndloﬂowcrmdsaseed
at the same time, which enhances inore
even ripenins. If they are planted too
carly, the plants can get as tal] as 9 feer
before flowering,

“One great thing about the c.mp is the
staying power of the seeds,” Perduc
says. "They'li stay on the plants for 30

Agricultural Research/April 1989

days or more after
ripening, so a grower
can wait until most
of the seeds are ripe
before harvesting,
even if the flowers
bloom at intervals.

At the moment,
vernonia has limited
possibilities as a crop
for the continental
United States. The plant doesn’¢ flower
until the days are shorter—a trzjt typical
of most tropical plants. And wien days
are short encugh to cause v.monia to
flower. they are followed by frosts too
soon to allow seeds to form,

“But recently, a variety that flowers
6 weeks earlier than any previously
found has been collected in Nigeria,
about 11 degrees north of the equator,”
Perdue says.

“What we need to do now is search
the limits of vernonia's range, about 20
degrees north and south of the cqlator.
I'll bet we find one that flowers early
enough for it to set seed well in the
United States,” Perdue says. “Then it
will make a grea: late summer/early fall
crop for the: Southwest.”

Potential demand for vemonia oil
as a diluent for alkyd-resin paints, (h
kind of oil-based paint used on build
ings, has been estimated at 40 millio
gallons, based on the use of | pint of
vemonia oil per gallon of paint, acco
ing to John C. Graham, director of th
Coatings Research Institute at Easter
Michigan University.

“Formulating alkyd-resin paint w
vernonia oil could reduce emissions
invoived in photochemical pollution i
as much as 160 miliion pounds per
year,” Graham says,

At 891 pounds per acre—the oil yie
in the 1987 Zimbabwe tests—about
365,000 acres of vernonis would be
required just to meet U.S. needs in the
manufacture of altkyd-resin paint. T
figure doesn't \include paint productio
in other industrial countries nor the pc
tential demand from other uses of
ver :2ia oil,” he says.—By Kim
Kaplan, ARS.

Robert E. Perduv, Jr.. is in the
USDA-ARS Systematic Botany, Myco,
0gy. and Nematrolog) Laboratory, Bi..
265. BARC-Eas:, Belisville, MD 207r
(301)3444590. +
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bloconversion cach ologies for scarch and 8lucose have lncreased
pporcunities for g arch - -der{ved alconols, polyols. and acids for zarce:s
NOV  served aostly bR petrocheaica.s Starch and starch-dartved Polymers
8re entering nev mark $ tradicio-ally doatnaced by synthect{c po.vuers
Synthetc polvmer filgy and boctles are being Produced :hat conta:r L

starch a5 4 Siodegradabl componern: S:arc\-xyn:hottc polymer -7
compositions are used as ghlv efficient aqueous f1u1d~nb:o;btﬁz/ngcn:s
{n nuaerous applicacions ther oPportunizies sre eaerging for 5. -n

compositionsg s 2atrix-fora: polvmers for ercapsulntlng’chellc:ls and

for a vVariety of other user

Damards of saciety for good i Atural resources, cleangp of
the environment, and Subg i bptititas for fomsil fue)
fBQUroes will ultima 8 living plants
for their chemics) °f agricuiture’s
plants wil} neade in
hman lire, Qcd chanically bt b
mldmtr:.bund.{c mmummu
Qrative chemicalg £ biology Wravels tha
xEplax chemigtries canatic ,
offering a divers B and mlecu)ar
biologists e Proiucts for
human health et | resarvoirs,
throatansd igent effexts v
arvive amd jenRrat’ e, Intarnationa) a8 to effect a
oo toerrs all mations wil] have a Synargistic effect an conservation amd
devel Developing countriee holding eany of thess rescurpes lack
infrast ure and capitr to cttoctivcly protact and develop thease
resources’, 'm Mt combine in 5 conaarted
effart to alleviate the dhvaloping oxjsig, in research amg
develomment now will have bireficia) payuffs to SoCiety in the &
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VERNONIA GALAMENS IS : BOTANY AND AGROHOMY

Pobart E. Pardue, Jr.

Agricultural Rosearch Service, UsDa, Belteviile, p 20705

Durtog the 1950's, an Agriculcura! Research Service screening prograa
{deacified seed of Vernonita sothelaineicy (cative to Ir?1a) ae good source of
vernolic, o Qecually eporidized fatey acid. Tae saed costain 23-312 1) of

used to aanufecture plasgtic fornuln:ionl. protactive coatings, and other
Products, an effort wvag Bads to devalop thiy, plent am g ner crop for Americen
&griculture. Thig vas uosuccescful; yield vas limfted by pocr send retentior.
The seed f41) off the plant eg 6000 a5 chey matyrad.
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Ater, deraca o iaas v . C e . re o
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1300t 0% ofl of whicn idyuz 417 . T T

Jern~ala galaseasis, an 1naua) o or TeTaires v vell-drained soll, nas
Jeed unar: Jevelopoent a9 4 1ov arud Lt TieIalae itece L3830 So f1c, tnere
“1ve beea ao probleas with :niacts ar disease. All sarvasic research to dace
138 been with crude unlaproved gerap!.as= Nulente: tnoa fry irea of PHL BTN
12 1964, ao sccesslon almost t4y'premgie b 4 new zrop. This geraplasa ¢
very uni{form; there Las bees 10 .ele-t. i »f laprived sirietles.

“Topplag” (rezoval of tarzinal .- =7e1 pidats 4ve about 15 3 ;s
¥ u~~ful asnagesent technljue: chere '7® 3377 Srgnctes {ros the 3use t e
=t ii height of plancs at saturicw . sTeiti? rotuced: and unlfarsice ¢,
sced maturity {a eahanced. Seed +i¢. ‘¢ ta 133% yere U ora 2500 3 P BT IR
1788 up to 1B0O kg/%a.

Jernoals galamensis {s “idely flstrisuzes .2 Arriza frog Senerd. .
Slerra Leone, east to Sudan and Zthiopts, 104 then s~yra througi Neavs -1
Tanzania to Zlababve and Mozaabique. There are six su‘specles, one with four
taxoaomic varieti{es. The centor of ilve-stey {5 (a Sas: Africs. Some ui tne
taxa grov io areas vith as .ittle 15 7° at ra.afall g wave axceilece

. : drought crestistance.
. .. . B » v
. LT Tvo probless have been encounzere: 'y Tlababde.  The original peras..isc
. . ' from Ethiopia (3 photogensitive; [t flovers tn Tespanse o daylength of jbtout

<i.5 hours. It (s not syacnTontzed «!th e 1137 scason and gust be
‘7rizated. This can be overcoze Yirtoaetesiene frow an arld area of Sutgn

» thac flovers ln reaponse to frviengei o7 it ur 1105 sanes. e soor 5824, 143
/.gur of the Ethioptan BErWLLISD Tan Drazs. ] [ sarevnl Jlth gerapiisa fcas

~ent Africs.

. RESPONSE OF “EXv N:a LIMINIIC TC PWOTCIERISD
T e Sbandj_,_anml, Anscn Z. Thorpsar?, Qs Al Jaworskid
' . T o ard David A, Dierige
) : “riversity of Secrgia. Tifsir, G\ 31793
. ““STA-ARS, Phosnix, AZ ascs:

LR . A nerbacecus anmual, ‘erncnig S1iamensis is ocurvently studied as
potantial crop as a source for epoytriglycerides ard expoxy acids. wroen
} T . Jrown at Tifton (Jl°28'N) Y &deanecs.s coillecticns from zth:op:x
. - (V=-001) amd Nigeria (V-004) failed to flower until ctober-November. “hus,
. mmmmmmmnwaeuoc:o:nmu sho™ =~ (SD, 3 wr

iight - 16 hr dark) on flowering. Plants were eposed - U, 5, Y, 1S, and
20 SD treatmants starting on August 21, 1988 ard Pianted in t e field.
Flowarg wara countad 1n Octolar and November. Effect of roppig to

Theae collactions will not flowar until October-Noverbar, and thws, will not
- produce seed bafore fall froeze at Tifton, The Ethiopian oollection
requires 10 or more SO for flower induction, vhile flower induction was
chcarved in the Higarian collection aftar 5 SD treatment. In natural
day~length et Tifton, . Salamensis from Nigaria flowered 4-6 wecks
eirlier than the antry from Ethicpia. Topping increased the mumber ot

flowvars.
‘ V. galasensls accsusion~ =g evaluated for phot?-ricxnc responsa
. under natural day lerqgth at Tifton, Phosnix (33726’N), and Yuma
(32°%40'N), Arizona. Accessions in these studies included subspecics
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dirv30-0 -, enis e, . . RN STl creld,

cAST LT ren, L., ':--);5' Segon T e, Telils, S-S, -v__:,:.j“
Ad.roscrs, s "/"011, te012, Vel “.. 3. S, - 53 and
s .83e5 .5 (V‘JIJ); "var. FITE N {V=-323, 7=-009, 31d;,
¢lhiop,ca iV-do1q s4lamens s (V=303 V=004) ANd -ec.ciang e2tg,
V=015, v=227, -39, Y-032)]. Pianzs it Tifon were also evaluatad at 14

haur jcrg day (D) 1igne by sippierenting Matural light with Ly ligne
fluorescenca lighting,

All accessicns flovered “hen 7rown 1n S0 with }ess than 12 naurs of

arliness JFPCATS o be related 2 W “urper af S0 required f-r Slover
neucticn. he earliess Vermen. IXCSTUCrS  ggyes e least nter of
50. Eleven T of oy dccessicns {l3cred wren Talntaned at D, Hovaver,
‘€ ook lomger fop these entries v {lover in 15 than in 5. Thes Ldicates
that Aess ) 10ns =108, V=009, V=011, V-012, 7-019, V=020, V=022, V=027,
v-026, V=028, amd V-039 are Quartitative sp Plants 1n e 30 rramores
Qarlinesg. four of tha entries: v-92q, V=022, V=025, ard ¥-029 took 3.9
“eeks from  seed germination o flowering n LD. The same acces: :ng

! LN -6 weeks in sp. ACCRSS 10 e)3) also flowers early in sp.

9

SN UITRO QULTURE oF VEINON GALAMEVSIS AND ITs
FOTENTIAL R o1 MPROVEMENT

Callys induction apg Fageneration of wvhole plants Of Vemonj,
S8lamensis wgry actueved jn tissue cultyre. Sane of the calll thug formed

an am um, In abamoaotqrm:nmulatonormm
presence of kinetin alons, some of the samatjc cells in Qidlture underyo
o 3 produc only or and  shoots Samatic

Callus tigmies froam thy fourth Subculture on the initiatign mediun were
selectrd for *ojl axtraction and subsequent chemica) analygig. Gas

chrow,toqraphic analygig of 2Qthylated Pantana  extract ydicated the
Presence of graarie ard palpitjc ecids,

high percantaga of oil. Additiona) work is also urdar conaidaration ego
Scresn calli froy diffarant vVarieties of Vernonia 84lanensis for oil at
mim%ott&ahlmma iatyorqrmhmdu.

The preasre data Suppest that tharg is a grest Potential for e
"t €< Vermongg Salamang;g throush tissmue Qulture tachniques.
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7ILOT PLANT EXTRACTION 1F 215 FROM P#TCT.a jd.anens.s SEEC
F. 0. Ayorirdel, K. :. ~urisap®. R. P, Pavine ad S Mcvety
1

“Howard Uruversity, Wasn:ngrtan, OC, ch.rt.‘nm Regioral Research
Cantar, g:aumnl Research Sarvice, USDA, Pecr:a, I[L. axt
French 011 Mill Machirery o., qua, CH

With 4042t oil of wuch 75-80% is VeITolic acid (gig-12, 1)-epany—cis-
9~octadeceanoic), Vernonia g8lacens;:s saed i3 am of the best sources of
matiral epoxy acid. Even in its Fetically gumproved state, this Afr:=
wiuuammmmtormumm;m areas. Researct has
shown that there ls irgustrial potential far verncrua o1l in AT plast: =,
othar polymar blends, baked catirgs, and reactive diluerts for pPaLTts arm

etraction research in pilot facilities. To inactivate a robust lipase
systan, 200 lb batches of v. gliﬁunus seed wvore coditioned at 195-200

F aml >10% moisture in a French l~dgck, 40-in D X J0~-in H
coakar/corditionar with SRR aq&at.im. Conditioned saed (<3% zolstre) was
machanically pressed in a French 3 1/2-in mectunical press with var: ole
speed dirive ard equipped with a 4~gaction cage with cored slezves for rs:gam
heating ar water ooling. The discharge cone wes varied from 1/4=-in
1/32-in durirng oparation to demonstrats feagibility of both full press.ng and

strippiny/distillation Systems. Tho extraction o~lum holds a 6-1n square by
WP o 6~ft high mans of [ress caka. Tha J-stage "I unit desolverrtized in
mxmzmmmmrammmms. Tha oil stripper 1s
Q@pable of acoepting a full mzcella (25% oil; ard producing a finished crude
oil free of solvent. Exwasive foming of “he Verrcnia oil extract Preventad
comleta stripping in tais vt

¥ vill report results of this pilot-scale prepress, solvent extraction
of Varnonia seed that show tha lipase inactivation in the seed conditioner
was sucoeagful, that Propreasing sucoessfully reduced o1l level in the press
cake to ca. 20%, u‘dﬂmtlolvmtutmcti_mtﬁnﬁoi.l level in the
defattad meal to 1-2x.

VERNONIA O7L BASED INTERPENETRATING FOLMER NETWORKS
L._H, Sperling
Matarials Ressarch Csmcar, Lahigh Univers.ty,

Carter of Polymer Science and Dginearing
Bathlehem, PA 18015

Vermiaoilanbepolymrimdth:umitsqncygmpswtomamtt

elastoreric mater-ial. S’.:mt)nnammnmantquxyqrapparon
mlecule. the resuitant frodxt 13 cromslinked. When polymirized aither

BEST AVAILABLE DOCUNENT
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$.IUltareas!y or EOQUETTTIAN L, yivn s fiasT.>~firmqg Ircmess  guch
8lyTene and 2i..my. benzene, <IpAcT  TeS.SWAMT piastics gp

elastomers resuls, depending on the overa.. xXposition. With both

Somponents <rosslinked, . hese naterials are Qown as iMarperwtra
Polymer networks, IPN‘s, The morprolagy of these datarials wid'
Teviemd, with special reference to making still touher prodices,

The

aeveral arpositios wvill be Campared to thelir —ountarpart IPn‘g prepared

{Tom castor 01! ard lesquerella o],

'
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TRANSFERIPLION AND MAFPDG OF VERNONIA CAZAMENS:S
GENES (CHLOROFTAST NULS)

H._mxois

“ruversity of Zirtabesm, Dept. of Jjochemistry
P.0. Bx 167, Mart Pleasar

HARARE, ZDOASKE
Not avallable.
\\ ' 7
\\_ .L)
Effect\of h nation and
saedl i

Plant Hormona Laboratory,
Beltsviile, MD 207

Guayule (Parthupjium Ar?entatun,
and optimum tenperatuxe (17 + 2°) for germination. Saeds
treated with 2s5% Polyedhylene glyco (PEG, MW 6000) garminate
maximally (>90%) ovaer a road rangy¢ of tanperature (15%5° - 33°%)
and accuaulate more dry matter in Ahe shoot tissue. Osmo-
Conditioning with abscisic\acid
germination anc davelopment\of néraal seedling., The {nhibitory
effects of abscigjc on the rate’ of dark geraination could be
overcome with light or gibberfllic acid wvithout affecting the
growth of the seedlings. Th xtent to which seed treatoents

vith abscisic acid influenc t and shoot growth will be
discussed.

Tay) seeds reqiurs light

ifornia, Riverside, University of
Conservaiion Laboratory, Phoe

120na, and U.S. Water

n that gusyule straing may respond differ tly to environmenta)
condilions in thefr sbulity to sccumulate rubber. 'a t(he coo Salinas Valley cf
California, McCaflum's commarcial straie 593 produced thick bradches contuging a
high concentratidn of rubber. 1n the warmer valkeys of Celifornis sa¢ in SOUth west
uced small plants with low rubber :oncentration Cm We other hand,
10 111 was the poorest rubber yielder 1n Salings ln{ the highes:
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APPLIC..TIGN OF VERNONIA o1L
IN coarings INDUSTRY AND epoxy RESINS

3toil K. Dirlikov
Coatings Research Instityea

Baotern Michigan Universicy
Ypsilanti, MI «sy5v

Vernonia oil, a natural epoxiiizad Vegetable of], appears to
be a very attractive raw Baterial for large volume industrial
applications 1n coatings and epOXy resings.

vernon:a o;] i$ characterized b5y very jow “1scosity (;n
comparison to other vegetable O1ls) and has A potentisl (or
preparat:sn of reactive dilyents for hign solid coatings by
replacing ccnventional solvents. "Vernonia” roactive diluents
vill raedyce air pollution by reducing volatile organic
compounds. and a);joy Next-ganeration Coatings foraulations :q
neet the strjce fequirements of npe EPA 1nd California‘’s soutn
Coast, Axr Jvaliey Management Cistrice.

Vernonia of} should also ba able %o sxmultan.ously iaprove
the two major dis.dvantaqos of epoxy res)ns: brittlenass and
Nigh vataer absorption.
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PROTEIN QUALITY EVALIATION oF YEANONIA gulszensis
CEFATTED FLAKES

Cw Folarun 0. Ayorims, and Rxare L, Shepard

Owpt., ofﬂmmiﬂmWMWMt. of Chamistry,
Hnulnd(xuv-rlxty, Rashingtan, p.c. 20059



HEMICAL EVALLATT N CF “ERNCNIA JALAYEN; !5 TEFATTED FLAXE
R.L. shepucs® ! ard M.0. dloguroe®

Sngpt. of Cmistry, Howard Unuv., Washungeon, D.C. 20059
boq:t. of wmistry, Ghafemi AwOlowo Uruv., Ile-Ife, Nigeria

verrcr.s galeaensis 18 an Udigenous African plant wvath promusing
acncmic valus both as a runowable rav miter:al sogoe for the -hemical
idustry and potantial cxponant for the wuml fesd industry.  Recert
Mvestigaticons have cantared an the plant’s sced oil ()8=40%), vith primary
esphasis = the oil‘’s rich verrolic (Cis-12, 1)-epaxy=Cls-9-octadecsroic!
acid coxreart (72-80%). On the other hard, little attention has baan given
to the Jefatted nmmmumxduwd.nmumny

Te Naka is rich in protain (443). metuoure wes foud o be the
first limcg auno acud, vith lysim the second when caloulated based on
the MO Provisical Scorung Pattarn.  The cartohydrate frectian (6.57%) s
r:ich :n sucrose ()5.81+0.06), fructoss (28.76+0.11%) and glucose
(11.6420,18%). lovels of tha mimarils (z/§)~— calciua (11.08), potassiun
(14.:8) and meqressium (6.90)— mit cnly msot nutritiom) requiressnts, ot
aro also hicher than thoss of contagxxary oil samxis. The phosphorus (s
ugh (644 myq), prabably sccounting for the fairly high phytata (25.42:0.06
xy/g) carant, although this leval is slightly lems than vhat s cwmarved n
the AT wvhmat bren standard (11.42+0.03 =3/9).

Residual o1l cxtant of the defatted flaks was fourd to bs approdimataly
0.5%, but could bo higher depsading on ths mathcd of extroctian. lLipid
analysis shows non-rutritive wvemmolic acid as the major (76.06+1.803)
cxpaent of the srponifiables (97.74:0.203). C18:2 (11.64+0.638), Q6:0
(2.232:0.12%) C18:0 (2:63+0.11%), C18:1 (6.58+0.19%), Q0:0 (truce) ware all
identified.

Sterols constituto the sajor (94.65:0.C8%) componant of =nhe
guponxtublon (2.06 + 0,16%) with B-sitosterol (2%, and
-awaagtarcl (308) baing the majer constituents. Qolesterol was
lat (4.63). Preochmaical scroening for othar passible toxicants did not

qave significant levels of antinmritive comprnants.

'M:mm o digestibility stuxlies have boan crried out, thess results

nsvarthaless indicets potantial rutritive qualitien of tha ~afattad (laka.
The pruaentation wvill dsocriba thxse results.

lparmanent adiress: INFRASURFACE, INC., P.0. Box 6318,
Silvar Spring, M 20906
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JERNONIA OIL ECONOMICS

rujyese B. Shults, Jr.

Vashington Usiversity ‘o St. louls, St. Lsouls, MO 611)0-4899

There 18 a0 urgeat csed for & oev crop for semi-erid lando of Africs sod aochar
regions of the Third World to lscrease esploywent in rural areas, provide
lepert-sudetiturion products to save fore.go eschacge, sod provide exportadle
products to earn ferulign exchange.


http:94.65�0.08
http:6.5�0.19
http:2:63�0.11
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http:25.42-0.06
http:28.16-0.11
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Yernonia olamensis, & :fich Jource of unique seed oll, has bLean uoder
developaent ag 08V Crop {a Zimbgbwe since 1983 4n4 there 14 {acreasting
{oterest g other couatries like Keaya and Bragg} vhere efforts to develop
vernoaia are Betciag uonderway,

Versonla of] 14 4 versatile produce wieh potentis} 1PPlicatioas 1a che
formulation of patscs, plasticy, lubricants, opd other {adustrial yroducts.
Semples for Sarkei sriented eveluation have beeg Fequested by magy {adustri,e],
§o0verameat, gnd uaiversity Tecearch leorlto:!n.

This paper vill provide 4 Prelimingry url-to-urnt ecosomic analysis to
tstinate the cogt of vernonia o1l delivered to s 0. s. {sdustria] consumer,

40
LECTD® IN VERNONIA GALANENS]S

L_Reng

University of Zimbabwy, Dopartzant of Bicchemistry
P.O, max 167, More Pleasant
HRARE, 2DEARE

Not available.
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ECONOMIC IMPLICATIONS < GUAYULE CO-PRODUCTS
FOR 4 COMME" . C1aL INDUSTRY

N_ Gene Wright. Keanun E Foster, ang Susan C Fangler

Office of Arig Lands Stugrm
University of Arizons
8435 N pyry Ave.
Tuson, AZ 15719
602/62). 1988

The profitability of Susyule industry (g determined by the difference between 1he cosis of
production ang processing and the revenue from Suayvile rubdder and ity €o-produciy {resin,
xow-molxulr-num Tubber (LMWR), 0d bagmme). The coft 10 produce Susyule rubber .p
@ninl Arizons 1p 1989 4 4Pproximately $1.30 per pound (g curren! yields of 400 pound, per
XTe per yar) For susyule 10 show , profit bmeg oq rudbber revcnue alone. yelqy wouid
need to be InToased 10 guer 1,200 poynds PET 218 per yemp g the current Price for Hevep
rubber of $0.50.50 §¢ per Pound F.0.B. New Yorg T

Conuqumlly. bacause (he markst prios of guayule s asentially ey by the wvorld prir of
Heves rubber, ths greatest opportunity for increing profiadility ¢ o find new ind valusble
uses for the CO-products The valum of suayule co-producty e currently Stmated 10 be

10 the €O~ genanution of electricity, It ©0-product volug could be inaemsd (o $.50 per
pound for ®1a/LMWR eng $0.05 per pound for begume, slong with 4 ruode yielg incremse (o
100 pounds PeT acre per your, Susyule coyld become an onomically viahije rop.

Pnlim’lwy rmearch results jgve fugpssted that rmn mnd LMWR as0 thow good potentia}
1o intreag profitadility » value-added products,
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