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Unfoldlng HOP Chemistry
_ (1958-2008)

Characterization of Bittering
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Established - controguration of a-acids and
Tereorsoners oF 1so-a—acids.  verzele, pe keukeleire)
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Differences Between High and Low Isocohumulone
(Shellhammer et al. 2004)

Tetrahydro Hexahydroi
1SO SO

Iso r-1so




Advantages of Tetrahydroiso-a-
acids

C = Tetrahydroiso-a-acids and Hexahydro-[3-acids
are the most antimicrobial of hops acids, but at
two different pH values. (wiler Brewing 1987 and 1995)

= Tetrahydroiso-a-acids show more effective anti-
microbial action than iso-a-acids during the acid
WaShing of yeaSt. (Miller Brewing 2001)
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Unique Beer, Unique Need
and Unique Opportunity

e Established 1n 1855
« 1903 Miller High Life
e “The Champagne of Bottle Beer”
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The sun-struck or “skunky flavor”

R hv >H
HO S
SH-

3-Methyl-2-Butene-1-Thiol
(3M2B1T or MBT)
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Old Instrumentation

R A AR

Countercurrent Distribution
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Quantitation of rho-I1so-oa-acids

Rho-1so0=a,X,5,+b,Y,;0+C1Z55

Background=a;X,c,+b3Y,,0+CsZ4c,

EXHIBIT "B"
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Before Hop Ting..

e 1970 Miller Brewing Company rank #7 place -
Acquired by Philip Morris

e 1975 rank #4 place - Miller Time — A Reward for
Hard Work

* 1977 created a light beer category — Miller Lite




“You can’t connect the dots looking forward. You can only

connect them looking backward. So you have to trust that the

dots will somehow connect in your future.” — Steve Jobs

B.S. 1n Chemistry

M.S. 1In GC pack column and self-coated
stainless steel capillary column

Ph. D. 1n Ketene Chemistry — organic
synthesis

Post-doctoral research 1n “Birological
Oxidation Reactions using HPLC and EPR
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Quality Miller time

Brookfield resident Patrick Ting shows his daughter Linda, 13, what he does atwo
each day as a principal research chemist for Miller Brewing Company. The Ting
were participating in Take Our Daughters to Work Day.!
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1986 - MGD (Miller Genuine Draft) a brewing
breakthrough of cold-filtered non-pasteurized
packaging beer — new category
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Annual Miller Hop Tours

HOP OF THE MONTH
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Trend of Hoppy BeerConsumption
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Copy from 60™ Annual America Hop Convention 2016, CA
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2012 retired from MillerCoors
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In conclusion, my son told me:
“Hop scientists never retire, they
turn bitter.” -
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