Demeter Binfechnolopies

Preliminary Estimates for the Value of
Enhanced Protein Content in Select Feedgraing

INTRODUCTION / METHODOLOGY

The objective of this opportunily scan is to provide Demeter with an initial indication as to the
market potential and receptivity to protein-enhanced crops currently under development,

To accomplish this objective, we held interviews with livestock nutritionists, feed company
representatives, indusiry observers and scademia. We sclected from this group three different
nuteitionists to help ran scenzrios o defermine the cstimated “opportunity prices”™ or values for
cnhanced-protein crops used in standard rations. Some of the datail from these calenlations is
included below. The analysis developed by these nutritionists has been somewhat simplified
from the notmal linear programeging they would conduct,

These values should be considered “order of magnitude” estimates designed only 1o give
direction and & more refined focus for the next level of investigation necessary to fully
understand the potential of this technology.

In order 1o develop these walues, some simplifying assumptions were made - critical in
performing the analysis. These included:

¥ Agronomic yields for those crops {com, soybeans, and wheat) are assumed nat to he
reduced or not significantly reduced from current average expected yields.

= When raising the crude protein levels in the selected crops, it was assumed that there was
a balanced or proportionate inerease in amino acids - an ageressive assumption,

® For soybeans, we assumed there is not a significant decresse in the oil content as protein
levels rise. If there is, this will diminish the value of enhanced-protein soybeans, as the
economics of soybean oil are much more attractive to a processor than meal — meal is
almost a by-product currently, e.g., oil is selling at $0.28 / Ib. while meal is about $0.07 /

Ib.

= We assumed the quality of the protein, e.g., its availability and digestibility to the animal
remains the same. This is alse a eritical assumption because while particular amino acids
may have increased in content, they may not be fully available (digestible) to the animal.
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= We pssumed the quality of the crop remains unchanged, eg., there have been some
problems with high lysine com in that it was mealy and difficult to handfe by fecd
manufactiurers.

®  Other assumptions used 1o develop the modified rations and resulting values are listed
next o the analysis below.

= The mutritional analyzes performed in this draft report are based on commaodity crog
prices today, and arc subject to change on a daily basis, hence the value of the technology
could be over or understated. A more concise analysis is required which would
ncorporate historical grain, feed and animal prices to more accurately predict technology
values.

D.ll these assumptions must become eomponents for additional research and investlgation,_J

This analysis focused on the potential value of enhanced protein levels in crops fed to poultry and
swine (mono-gastric animals) beef (ruminant), and wheat for Hour milling purpozses.  If 50
desired, we can calculate the pdtential values for daziry nutritional value as well.

KEY LEARNINGS

Initial discussions with Hvestock nutritionists and other industry experts indicated a “corous
interest™ in enhanced-protein crops. All interviewed said that if our prmary assumptions hold
true, the implications for this technology could be “enormous™ and “far reaching ™ The concept
would be “extremely well received™ from all mzjor livestock sectors, but particularly from the
poultry aad potk sectors.

Mearly all interviewed spoke of the increased level of interest angd activity in developing
“designer” crops tailored to mest specific livestock nutritional needs. Interestingly two
nutritionists we called to request their assistanes on this aszignment declined due to a conflict of
interest — they were assisting other life science companies in very similar projects,

All animal feeding is driven by the Least Cost Ration method.  This strategy is desipned to
choose the required nutrients at the Jowest possible costs. This formulation method requires
changes and adjustments almost weekly in some instances, doe 1o price changes. In the case of
protein, the US is a low cost source of protein for livestock feeding {soybeans, animal by-
products, ctc.). Most interviewess suggesicd that enhanced protein com would have the most
value in a situation where the commedity price of altsrnative protein was high, so both energy
and protein could be delivered in one grain.
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For arny new transgenic crop, the altimate ability to capture value from inclusion in
livestock feeding systeris rosts on not only i performance but on the ecoromies
of alfernative sourees af required nuirienis,

Integratoss like Tyson and Murphy Farms arc adjusting rations almost weekly in cases where
alternative protein and energy sources have dropped in price (25 long as the changes do not affes
animal performance and gquality).

One of the major benefits of eohanced-protein grains is the quality of that protein can be assured
- unlike some by-products wsed for protein, where the quality is questionable. The other major
benefit for larger integrators with enhanced protein grains is that a price could be “locked in” for

an exiended period. Nutritionists and commodity buyers can spend less time searching for
alternative nutrient sources and have a more consistent ration throughoul the life of the animszl,

Below are summary comments and preliminary value estimates for the poultry, swine and beef
fecding sectors. Comments on dairy from notritionists are also attached.

Poultry: 2

= Probably the most critical factor in poultry nutrition is the amino acid balance
composition and availability of those amino acids, particularly methionine and Iysine.

= “We pouliry nutritionists don't give 2 damn about empde proviein!™

Some of the key issues / questions poultry industry expents raised in discussing the possible
technology included:

* “Total protein is cheap - what are the particular amino acid levelg?"

e What is the encegy value?
*  What is the quality of the grain? Will it crumble in the manufaciuring process?

* Are there yicld differcnces? Will this crop require additional or different ferlity
requirements?

= Will the grains be pest resistant?

Some thought enhanced protein would become one of the “stacked™ traits of identity preserved
feedprains, along with guaranteed higher levels of particular aming acids, energy (oil), etc.

The following summary analysis provides an order of magnitude of the value of higher protein
com for broilers (o the feed manufacturer (combined starter, grower and fnisher rations).
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Some of the assumptions used to celculate this analysis include:

®  Production of a five poond bird in sraight run (50:50 males £ femabes) 20,000 sq. fL howse (22,000 birds /
houss} at 80 degrees F.

®  Firal numbers dhow a cambination of starer, grower and finisher dicts.

B The mixdel used by this nulritionist caloulates the cost of the meal produced. not final feed or production
cosis.

EsTiMATED PRELIMINARY VALUES OF HIGH PROTEIN CORN IN A BROILER RATION

o Incremicial I:almm‘ﬁuiﬁnt

& Crude Profein Value / .

19% i ] ]
] +0.17 3%

119 B +{.32 4.4 ]
13.9 +0.47 ] 47 o

ESTIMATED PRELIMINARY YVALUES OF HiGH PROTEMN SOYBEANS IN A BROTLER RATION

48.5% 30 [
510 +9.0 E6%
556 +1E.8 9.8
(563 1250 10.0 on

Some of the conclusion of this modaling suggests:

»  Using a 13.9% protein corn, under these initial assumptions, could save a broiler complex
with 1.2 million five pound birds approximately $0.0003 / Ib. or $724,000 per year.

= If 9.9% crude protein were priced at the same point as 7.9% com, the complex would
save £1.45 million f year.

' Base is $5.27 f bu,
*Base is $246/ T
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= The valee of enhanced protcin comn iz greatest in the starter and grower diets, whers
protein is critical, versus the finisher ration.

A second analysis conducted by another poultry nutritionist found strikingly similar results on a
percentage basis:

This analysis broke out the starter, grower and finisher rations. Protsin requirements for these
rations as recommended by industry are 239, 20% and 18% rospectively,

Frices for com and beans vasied from the first analysis: $3.08 for com and $197 / T for soybean
meal.

The resulls are summarized below in cost / ton of feed in a broiler starter ration:

% FProt SHM
BSOS 314735 | $id46.91 3146043 | 5145.61 Fl44. 54 $144.1 FL43.74
10.0 145.26 .
108 143,27 142,71 14226 175 141.02 MAC 140,01
120 141.00
119 13901 138,38 137.7% 137.29 136.76 HiC 13585 |
14.00 136.50
149 13430 13359 | 133.07__| 13282 | 13255 | WiC s
Porcool Savings 8.9-14.9% | 94% 0% ° | 10% 6% 2.3% MNAC B5% |

Similar tables for grow our and finishing feeds found the following summary savings
percentages:

Percent Savings £.9-14.0%

Growout | 46% | 40% |37% |32% |26% |24% |3.0%
Finisher | 0.8 N/A | NiA | NA | NIA | ®UA | NIA

These preliminary nunbers support the linding (hat the greater value for enhanced-protein grains
arc found when fed to younger animals. Birds in the finishing stage (about 10-12 days) require
significant energy to add weight, not grow,
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Also, feeding a higher protein content soybean meal and 5 higher protein com diminish the value
of the additional protein, due primarily to the cost of soybean meal.

It should be noted that while all nutritionists mention the importance of particuler amino acids in
the diet, the actual volume of key synthetic amino acids added in the ration to supplement
deficiencies in grains i minimal, c.g., in a typical broiler ration methionine makes up about 0.2%
of the volume and in & swine ration, about 00, 15% of the ration is lysine.

Beaf:

B Fecding strategies are based almost catirely on energy - ndding weight as fast as possitle in the finishing
portion of the animals Tife,

B [n the finishing stages, profei o oof a crteal deferminant in mbion development,
=  Ruminanis are abls (o digest Non-Protein-MNitrogen (INPIV) (usually wrea) and convert it fo proein szsily,

= Prodein content is imporant in the prowing stages of the anirsal — this is trus for all species, and whare the
gremtest vitles of the technolofy may lie.

To calculate the value of cnhanced-protein grains for beef caule finishing the following
assumptions were used:

8 Prolein was incrcesed two percentage points in com, and wheat. Soybeans ere not normally fed to beef
cattle, and wheat is fod only when the com f whent price tafio is economical,

® It was ascumed that 25 the protein levels in the graing increased, the enengy levels decreased (abont & 1%
decrease for every 2% increase in protein).
¥ Callle economics were ignosed in the analysis, i.e., cattle prices

B The caleulations show 15% protein (D) finiching diste with corn and wheat af the differant protein levels
end the effect on supplemental protein needs. The valus then becomes the reduction in protein needs from

supplemenis.

The following table shows the different protwcin levels of com in a standard ration snd what
happens to required supplements (alternative protein sources) to arrive at a cost / Ba of feed:
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Inuredicnt & in Mution T

Cost f 100 lbs, feed.

oy 61% 5330 | $3.30 £3.39 53.3%
Com silage 20 0.35 .35 0.35 0.35
Alfalfa hay' 5 1 0.25 0.25 0.25 0.25
Protein Cost' g 0.40 0,12 0,06 0.00
Total 100% $438 | 8410 | $4.08 | s3smm

We then incotporated these feed costs to caleolate the value in a diet fod to beef catt]e:

Protein Percent in Cormn

P g sl BEGR 0 TS T 0 14.5% .
Weight In
Wl:ight Cht 1200 1200 12040 1200
Intake, Ibs. / do. 25 25 23 25
Average Daily Gain 3.05 3.01 ‘287 292
Feed / Gain, Dry Basis 6.22 6.31 6.1 6.3
Days on Feed 164 166 169 171
Coszt / Ib. Ration 0438 20.041 $0.0405 | $0.0399
Cost of Gain 202724 ﬂﬁﬁﬁ? $0.2506 | $0.2593
Com MNeeded / [b. Gain 4.16 427 4.29 4.35
EBxtrz “Value” of Corn / 0 $0.13 .07 $0.01
Bu.
“Valpe" of Com/Bu. | $2.83 $2.56 $2.90 £2.84
Percent “Walue 4.49% 2.35% 032%
Increase”

* Pricad a2 $2.83 / Bu (4 May peice)

! Priced ar 100/ T

* Urca (268% protein at $180/ T) and soybean meal (24% at $162 / T). Supplement held constzet to COmpare grain
on an equal bacis inte the ration. [F edjusted, other components would adjust, 2nd linear progimmming would be
required.
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The same analysis for wheat fed to beef cattle found the following:

Ingredient % in Ration 126 - 14%

Cost / 100 Ibs,

feed.
Wheat” 67% £3.56 | $3.56 | $3.56 | $3.56
Com silage 20 035 | 035 | 035 | 035
Alfalfa hay’ 5 025 | 025 | 025 | 025
Protein Cost® 7 040 | 0.12 | .06 | 0.00
Totzl | 100% 456 | 3428 | 5422 | $4.16

Protein Percent in Wheat

Weight In ! T00 700 J00 T

Weight Ot - 1200 1200 1200 1200
Intake, Ibs. / da 26 26 26 26
Averape Diaily Goin 3005 3004 286 291
Feed / Gain, Dry Basis 6.52 6.61 [ 6.9
Dayz on Fead 162 164 169 172
Caost / Ib. Ration $0.456 | $OO4Z8 | SO0422 | $0.0416
Cost of Gain $0.2073 | 302820 | $0.2870 | $0.2870
Wheat Meeded f Ib. Gzin 4,16 .27 4.20 4.35
Extra “Value” of Wheat / Bu. 30 $0.12 | $0.06 | 30.01
“Vahe" of Wheat / Bo F3.18 53131 $3.25 33,20
Pereent “Value Increase” 3R1% 1.97% 027

What does all this mean for beef cattle feeding?
= The most additional value came from the smallest increase in total protein.
= The extra profcin does not significantly increase the value of the grains for cattle feeding.

= The grains are primarily used for energy and the extra protein decreases the energy value
by about 1% for cach two units of protein increase.

®  The driver in using / adopting enhanced-protein grains in beef feeding is the price of urca.

* Priced ot $3.19 / Do (4 Moy price}
" Priced a1 $1004 T
* Urea (288%: protein 21 S1B0/ T) and sovbean meal (445 a0 $162 7 T)
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The remen (stomach) in cattle have bacteria which require non protein nitrogen or a soluble
protein to survive. These bacteria then convert NPN to required protein. Urea is a relatively
cheap source of NPN. According to nutritionists, the perfect set of amino acids is not know Tor
rominants, but if they were supplied by a protein-enhanced grain, the amino acids or protein
would have to by-pass the rumen to be effective or the bacteria will change the protein inm

nitrogen and re-form the protein.

Park:

= Similar nutritional requirements to poultry, e.g., proper amino acid balance (lysine mare
important to swine than pouliry).

= Onc swinc nutritionist estimated that savings in the range of $12-20 / Ton could be
realized with the reduction of soybean meal. He predicted that the true selling value
would come in increased levels of [ysine.

= Reducing the levels of SEM, assuming all the required amino acids are increased in the
cors, docs net affect the nutritional quality of the ration. “There is no sceret or special
function ascociated with SBM other than its protein value.™

= He questioned whether soybean erushers would want to handle the product, as it is likely
oil content will decline with increased protein levels, and oil is more valuable to the

crusher.

The nutritionist calculating values in swine rations did the following:

= Instead of actually switching lower protein corn and beans for higher protein ingredients,
minimum encrgy, aminoe acids (Iysine in particular) and protein reqguirements were fixed.

= [n the same model, the higher protein grains were available, and could be selected Ly the
program if the minimum nutrient requirements were met. Summary results follow:

= In the standard run, energy and lysine minimums (pressure) were established {typical
swinc ration), with no pressures (minimums) on protein:

Corn I'rodein & Value Tncrease SEA Protein & Yalue Increase
10.5% 0D S0 1%
135% +0.003 52 2.3
14.5% +.004 54 2.6
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Higher levels of protein in com showsed minimal addittonal walue when the ration was selectad
for energy and [ysine,

For sovbean meal, there was a2 slightly higher valve attached to the inereased protein, as SBM
adds encrgy as well as protein.

The greatest value for the grains appeared when pressure (minimums) were sl on protein, enerpy
and Iysine. which would be done in a starter / grower ration:

0 & 4 i 0

105% +23% | 50% +1.4%
12.5% 6 T ;2 27
14.5% +1.0 I =4 4332

There was some incremental agditional value beyond the abave numbers when Pressure was
released on cnergy.

In summanry:

= The potential reduction in energy resulting from increases in protein reduced the value of
the com. The increased levels of amino acids could not evercome the reduction in

COEIEY.

= Restrictions (minimums) on energy and aming acids resulted in the higher protein
soybean meal having the gpreatest value,

Az was pointed out previously, as protein in the grain increases, encrgy content decreases. This
causes the animal to consume more, thus reducing the feed to gain ratio, resulting in increased
costs to the producer. An ideal grain would increase both proportionately.

Diry:

Some general comments on dairy nutrition / requirements:

= [n dairy as in beef cattle, much of the required protein is broken down in the rumen and
the nutritional value is lost. By-pass protein (protein which passes {krough the rumen
into the lower digestive tract and is absorbed) iz critical to sustaining high milk
production in dairy cows,
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e Ingredients with high by-pass prodein values include chopped, ensilaged hay a 2%,
shelled com at 50% and meat / bone and blood mesl at 6045, There are some new
products available to dairy producers like heat-treated soybean meal with high by-pass
protein, which have gained acceptance in the last five VEArS.

=  Feeding, more than any other single factor determines the productivity of luctating dujry
cows. Approximately 75% of the differences in milk production between cows is
determined by environmental factors, with feed making up the largest portion, Feed also
represents about 55-60% of the total costs of milk production, therefore a sound and
nutritionally balanced ration is eritical, ’

s There is much more variation in the protein content of a dairy cow’s ration becayse many
dairy eperations still rely on forages as the primary feedstulf,

,
= Dairy catle are fed rations high-in energy and protein to supplement forage intake,
Protein content is normally in the 17-20% range.

Preliminary estimates for additional nutritional value from enhanced-protein grains fed to dairy
cattle ranged from 2% to 5%, assuming the additional proiein is not broken down in the rumen
and is digestible in the lower GI traet.
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ESTIMATED YALUE OF ADDITIONAL PROTEIN IN SELECT GRAINS FED TO LIVESTOCK

The following table uses the protein valoe of soybean meal (4% at 5162 / T ecquals $0.1841 /
Ibs.) to determine the relative value of enhanced-protein grains. This is not meant show the valuc
in feeding livestock, but to illustrate the additional value of the protein based on a sovbean meal

price,

Com B5% 170 $31.3 $101.07
10.5 210 38.66 108.44 7.25%
12.5 250 46.02 115.8 14.57
145 200 53.39 123.16 71.86

F

Wheat 2% 240 $44.18 | $106.33
14 280 S1.55 113.7 6.93%
16 320 58.91 121.06 13.85
18 360 66.27 128.42 20.78

Soybeans | 38% 760 $139.91 $213.67
40 200 147.27 221.03 345%
42 £40 154.64 22830 6.89
42 880 162.00 235.76 10.34

While this table shows some attractive values for enhanced-protein grains, as was illustrated in
beef and poultry, the values can change when factors such as energy content, feed conversion
rates and prices of other competing proleins are considercd.
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High 0il Corn (HOC) as a Potential Model:

Commercially introduced in 1990, high oil acreage is reportedly reaching 2.5 mil acres of
production, with projections for 5.0 mil in 1999, HOC has a larper germ then conventional
yellow dent com. This germ portion of the kemel is richer in fat and protein, including & higher
concentration of Lysine, and oleic acid, encrey,

Grrain compariyon:

i 1 U i
Protein Contedt B.O-E5% SO0 5%

Oill Content 3.5 5.0-6.0 and reported 1o be higher quality than slternative fat sonrces |

Encopy Content 1,560 Keal /1b. | 1,630 Ecal /b

Methiopine { Lysine | 0.18 7 0.26 +5-E% T L

Yields 145 - About the same, bul requires planting populntions abowr 10% maore than
] normal hybrids to accommodate podlinator plangs.

To date, reactions among all livestock sectors feeding HOC has been mixed. HOC has its major
advantage in that it increases energy and protein content at the same time, Recent research also
suggests amine acids such as lysine 15 more available to the andmal that conventional corn.

The most challenging aspect of HOC has been the inability to properly segregare the com, and
ensure customers that what they are paying 2 premium for is actually HOC,

Growers typically reoeive a premium of $0.20-0.30 / Bu, but pay in the range of $25-35 / bag
extra for the seed, plant more sceds, and experience slightly lower vields. A key component of
the next stage af investigation is a determination of farm-level economics of enhanced-protein
Eraing.

The advantage high-protein crops could have over HOC s that it iz difficult to determine the ofl
content of the grain quickly. Measuring protein is relatively casy and quick.

Reportedly, Continental Grain has seen its export sales of high oil com increase at a much faster
rate that domestic sales because oil and protein scurces are scarce and costly overseas. However
the one fzclor which may change the economics slightly in the US &5 the ipcreasing interest in
non-animal protein and enerpy sources. Driven by the BSE factor, many feed manufaciurers are
searching for altemnative protein and energy sources o animal by-products, e.z., lard, bleod and
meal by-products.  These and other feed ingredient regulstion may cnbance the value of
transgenic crops with enhanced protein levels.
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SUPPORTING INFORMATION ON CROP S1ZES, VALUES AND UTTLEZATION

The following section provides Demeter with the size and scope of some of the target crops for
the technology, prelinzinary estimates for utilization of these crops by livestock species and
estimated potential values of enhanced protein grains for select species, As these are preliminary
numbers, more refinement is required to determine more precise market size astimates,

Wheat:

One of the crops which has historically valued additional protein (and reported that value) is
wheat for food uses. Standard flour will contain [ 1% protein. Protein content can reach as high
as [7%, unblended. To achieve higher levels, users of flour will blend different Mours o add
vital wheat gluten to the mix. The addition of vital wheat gluten is a very economical and
prevalent methed of boosting protein levels.

ictarinal walnas of additionsl prntein in wheat

50 et ——fr— ¥ 4 +
1687/88 1990f90 1981782  1983red  10§5/es

E - T - o ﬁ“hr‘:.l

Over the last ten years, the average protein differentials for higher protein wheat were;

v emar maois

= Approximately $0.15 / Bu, for 149% wheat over 13% wheat
s Approximately $0.40 /7 Bu. for 15% wheat over 14% wheat

s While not common, wheat as high as [7% protein content can be found, and reaches as
high as $6.15 / bu. (1996), a premium of over $1.25 from 13% wheat during that samc

year.
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The following chart looks at historical values af high protein flour versus standacd floor

S-n' l:;'ﬂ.
514
£12 T
$10 = — - =
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Over this 10 year period the average price differentiad for high glaten (high protein) four was
F0309 / cwt

i
The total wheat crop last year was approximately 3.0 bil. bushels. OF that, reughly 25% was
exporied, with the remained vsed in food (215 MM bu) {45%), feed (310mem bu) (15%) and
ather.
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Assuming an average protein premivm from zll protein levels in all clagses of wheal of 30.60 f
bu, and applying that to the percent of the US wheat supply consumed by humans, the initial
market opportunity for enhanced protein wheat for food usape could be in the range of 3500
S§600mil. at the first stage processar level (flour miller purchases).

While the historieal data sugpests atteactive protein premiums, further investigation is reguired (o
determing what the implications on future premiems are i€ a large percent of the wheat crop s
planted as higher protein varictics, This sector is highly complex, e.g., pricing, producer-planting
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decisions, importance of gluten as a protein alternative, functional demands of the food scetar,
and further clarification 15 warranted.

Corn:

The total com crop in the US last year equaled nmearly $25 bil. or nine Bil, bushels. Of thar,
approximately 553% was fied 1o livestock.

Bliien Bushels % Billion
— ‘3{}
525
§20
$15
510
55

50

.
—

P
2Rk hom O R

igEa 1490 1982 1604 1886
| Production —t—'lﬂ_nh_JEF]

The following simplified analysis 15 meant only to provide an order of magpituds of the
opportunity for enhanced-protein corn by livestock species.

To determine preliminary market opportunity values for high-protein com fed to poultry, the
following assumptions were made:

O Broilers consume 1{ Ibs of feed to reach a finished live weight of five pounds. OF this
fzed, about 70% is corn.

0 Approximately 7.75 bil. broflers were produced in the US in 1997,

L Total com consumed by brotlers thus, is estimated to be 5.4 bil pounds or 970 mil bu.
{this excludes feed consumed by breader stock

If the potential increase in the value of high protein corn is between 4% and 10% and the average
com price is $3.00 then the additional value (not price} to pouliry operations iz $116 to $291 mil.

To determine preliminary market opportunity values for high-protein corn fed Lo swine, the
following assumpiions were mads:

O A hog consumes spproximately 682 Ibs of feed over its entire life. OF this feed, 70% is
COTTE.

O Approximately 92 mil. hogs were slaughtered in the US in 1997,
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0 Total com consumed by swine, thus is estimared o be 4.3 bil. pounds or T84 mil by, {this
excludes feed consumed by sows and boars)

If the potential increase in value of high protein com is betwesn 2% and 7% and the AvCTEgE com
price is $3.00 then the additional vales (not price) to pork operations is 347 to $164 mil.

To determine preliminary market opportunity values for high-protein com fed o beef, the
following assumptions were made;

O Cattle in their finishing stages (700 Ths in, 1200 Ibs. out) consume approximately 3,000
ibs of fee. O this fead, 67% 15 com.

2 Approximately 28 mil. beef cattle were slaughtered in the US in 1997 (this exclodes
breeding stock and fed dairy caltle).

O Total com consumed by grain fed beef cattle is 3.6 bil. peunds or 1.0 hil. bu.

If the potential value of high profein comn is between 0.3% and 4.5% and the average com price is
$3.00 then the additional value (not price) to cattle finishing operations is $9.0 mil to 5130 mil.

Estimated Size of the World Seed Corn Marker

< EsteAcres " el ; el et Value,
— o Planted, MM 5 Est. Price / Bag Seed . =% Bil.
Us T80 28,000 seeds / acre 575" $2.1
ROW 265 28,000 seeds / acre $75° 7.1

Note: While there are many more acres of corn planted in the ROW compared 10 the US, yiclds
are considerably less than the US, thercfore the resulting crop and its potential additions] value is
sipnificantly diminished.

-

" Assumes 2000 sceds S b

™ BKD sesds L hag
" Maost likely this valoc is overststed, particufarly 1 arcas of the world where low yielding comn and other crops are

plented (i some entes, non-hybrids),
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Estimated Size of the World Soybean Seed Market

o Est, Yalue,:

Est, Acres - et
Est. Price f Bag Seed 5 S BiL

- Planted, MM

. Assumed Snn'ding Rate

|US 70 180,000 seeds / acre™ $25/50b.bag | s19

|
| ROW 96 180,000 sceds / acre $25/501b. bag |

Estimated Size of the World Wheat Seed Market

0w EstoNalue,
ced S Bil.

Est Acres " niniiee. L
Planted, MM - - “Asspmied See

ing Rate - Est, Price/ Baz 5

US 7 1.25 1o 1.5 bu. / acre $8.00 / bu. $0.78
Ea 3
ROW 489 1.25 to 1.5 bu. / acre $E.00 / bu, 53
Soybeans:

The US produced a record 3.0 Bil bushels of soybeans last year, valued at just over $18 Bil.
Approximately 55-60% of this production was crushed domestically producing 34MM tons of

meal for livestock feeding.

BIL Bushols % Bililen
3 520
o+ H18

= 1 516

T 514
Fi2
EH T %10
= T #0
|+ 55
i | 4 |
] 1 52
50

=T U X

=== Production -r—‘."ﬂt.'rr:j

" Assnmes 7,600 seeds [ b
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The majority of this tennage was fed to pooltry and pork . ..

Estimated Soybean Meal Usage by Livestock Species'?

Basi
% Dy
% Diker
Pouftny Ewine
EI% 2%
| IR —

Soybean meal pricing is dependent on protein content (there are two protein meals, 44% and
48%) and supply of these meals is based on a decision by the oilseed crusher 1o crush for more or
less ofl, bassd on market conditions.

Fyrare
2300
FZG0
5200
150
$100

£50

50  Sm— t k pr— {
188878 1080781 1082/83 1894785 1906/ 67

— B 46% Proteln ———44% Proteln ]

Historically, the price spread (margin) between 48% and 44% soybean meal has about $0.15 /
pound or $0.04 / protein point.

The following simplified analysis shows the potential value of enhanced protein soybeans fed to
poultry and swine.

To deteomine preliminary market opportunity values for high-protein soybean meal (SBM) fad to
poultry, the following assumptions were made:

U Broilers consume 10 Ibs of feed to reach a finished live weight of five pounds. OF this
Teed, about 20% is SBM.

" Source: United Sovbean Bonrd
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O Approximately 7.76 bil. broilers were produced in the U5 in [997.

0 Total SBM consumed by broilers thos, is estimated to be 7.8 mil, tons of SBM {this
excludes feed consumed by breeder stock

Il the potential increase in the valoe of high protein SBM ix betwesn 8% and 109 and the
average SBM price is $180 / t then the additional value {not price) to poultry operations i $117
to $140 mal.

To determine preliminary market opportunity values for high-protein SBM fed to swine, the
following assumptions were made:

QA hog consumes approximately 682 ths of feed over its entire life. OFf this fead, 25% is
COIM.

QO Approximately 92 mil. hogs were staughtered in the US in 1997.
i :

O Total SBM consumed by swine, thus is estimated to be 7.8 mil tons {this excludes feed
consumed by sows and boars)

If the potential increase in value of high protein SEM is betwesn 1.4% and 3.9% and the average
SBM prce is 180/ T then the additional value (not price) to pork oporations is $20 to $45 mil.

Isyies related to Identity Preservation:

Crops designed with particular traits desirable to some end-user have been grown ender contract
production for many vears. Crops like waxy-corn, high in stacch eontent Tar industrial ugage and
corn with oil content desired by Frito Lay arc two examples. These Ccrops require segregation
from the commodity system to ensure the customer is gelting the proper grains. Systemns have
been established to manage the logistics of “identity preserved” grains, but for the most part,
these velumes have been small enough that logistics and scgregation has not been a major
challenge.

Recently however, the increase in IP crops due to biotechnology has released more crops with
particular traits in larger volumes, e.g., high oil com. Increased volums has placed heavy
demands on the system — one of the new challenges is testing grains 1o ensure integrity. Wet
chemistry techniques can require a testing period of 2bout one-week — unacceptable to feed
manufacturers requiring quick decisions.
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Near-infrared technology (NIR) is just now being implemented at the buyers locations, ..
Jeanie-0, 2 large poultry operation just installed NIR wechnology at their mills te ensure what
they are buying is in fact high oil com. Some believe in the near future combines will be fitted
with this technalogy to achieve real-time autrient analysis.,

Another challenge facing HOC is storage capacily at the end-users facilitics, Many integrated
pouliry and swine operations are not set up to receive different batches of IP grains. Many in the
poultry industry believe that in the next few years, integrators such as Tyson and Murphy Farms
will begin 1o contract with elevators directly to manapge prain supplies, including [P related
issucs,

The larger issue facing all TP erops is their performance at the farm.  Producers want to schicve
yields as high if not higher for these crops. I yields cannal be achizved, producers will want
higher premiums to compensate for lower yields.

A key to the success of enhanced-protein crops is their ability to meel or exceed vields to achieve

adaption by the grower commugily and then “mark™ these crops (through color systems or other
means) to ensure integrity of the crop.

COMCLUSHONG [ STRATEGIC EECOMMENDATIONS

Owerall, the concept of increased protein content was well reseived by nutritionists, feed
manufacturers and livestock coconomists.

Many technical and market-related issues rematn, For cxample:

& Does this protein enhancement preporticnately increase amine seids and other critical
nutrients, and are they available 1o the animal?

= What is the agronomic performance potential of graing with enhanced protein traits?
= Can our olher major assumptions hold true?

e What are the issues related to identity preservation and can they be solved?

= Whar are the economic implications at the producion level?

& Will this technology reduce the premiums currently offered for protein long-term?

= Are there animal nutrition companies who could serve a “launch parners” for this
technology?
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One nutritionist commented that the maximum premium value is always achieved at the first
increment of use. A genetically enhanced ingredient may have a premium value of $30 /T when
it replaces 25% of an existing ingredient, but this premium may drop to $15 / T when it replaces
50% of an existing ingredient,

Additional work is needed to determine how to best introduce this technology, e.g., who would
be optimal grain handling entities or integrated livestock operations that could serve as alliance
partners in managing this identity preserved crop?

Partnering with companies in the life sciences, agricultural inputs and grain handling /
distribution will serve to create the supply chain necessary to introduce this technology to the
market.

Other considerations / possibilities for additional investigation:

While not the focus of this preliminary analysis, it is worth noting that there could be additional
opportunities for this technology-in areas such as corn for human consumption. Many third-world
countries are nutritionally deficient in protein, but consume significant quantities of comn, e.g.,
Central and South America. Increasing protein content in comn could be valuzble to this segment.

Rice is another human food fed to a large portion of the world’s population which is also protein
deficient. The ability to enhance protein content for this crop could provide much-need
additional protein. The primary question for both of these examples becomes is the market
willing to pay additional premiums for additional protein?

Finally, an area in which Demeter has completed much work is potatoes. While livestock
feeding applications are limited with this crop (the exception is feeding potato processing waste
and cull potatoes), there could be significant value to potato processors if the level of total solids
were increased in the crop.

We believe the market potential for protein-enhanced crops could be substantial to Demeter.
Additional technical and economic analysis must be conducted to prove or disprove these
preliminary findings and our assumptions. However, the concept of protein enhancement is
attractive to the animal feeding and human foods markets and there are other organizations
evaluating the opportunities as well.
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GEMERAL LIVESTOCK NMUTRITION DEFINITIONS

Crude Protein — the contenl of nitrogen in a feed or animal tissue or excreta, multiplied by a
factor (usually 6.25 since most proleins contzin about 16%N} to provide an estimate of protein
contént (both nop-protein N (amine acids, amines, ammonia, ete.) and troe protein may be
present,

Non-Protein Nitrogen {NPN) — nilrogen originating from other than an amine acid souree hat
may be used by bacteria in the rumen o synthesize protein. NPN sources includs compounds
like wrea and anhydrous ammeonia, which are sued in feed formulations for ruminants (cattle,

sheap).

Encrgy Value- the quantity of kilocalories / kilogram of metabolizable energy available to the
enimal. Energy can come from carbohydrates, protein or fat (the greatest from fat).

Essential Amino Acids — amino acids which are needed for animal metabolism but cannet be
synthesized by the animal in the amount needed and thus, must be present in the diet of that
animal,

Quality of Protein — refers (o the amount and ratio of essential amino acids present in a protein,
A protein is said to be of good quality when it contains all the cssential amino acids in proper
proportions and amaunis needed by specific animals,

By-Pass Protein — esseotial amino acids, which are left, undigested by the rumen (stomach) and
pass to the small intestines where they are absorbed.
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