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CHEM 1021: Beer Brewing

Chemical and Biochemical Principles

e A new course for non-science majors
e Laboratory Emphasis
e Students excited to enroll!

e Topic of general interest

e L ots of Science!

e Incredible History Chem 1021 BEER BREWING: | é

CHEMICAL AND BIOCHEMICAL PRINCIPLES
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A course for non-science Fall Semester Schedule:
majors about the chemistry |Lecture MW  11:00am-11:50am
and biology of beer brewing | Lab M 12:30pm-3:30pm

CHEM 1021

Beer Brewing:
Chemical and
Biochemical
Principles
. 3.0 credit hours
. Lecture and lab sections
. Beer analysis and brewing
. Fulfills science requirements
‘® Field trips to local breweries
W No prerequisites
® Guest lectures

® Now offering 1.0 credit hour
lecture-only audit section

Enroll now!




How is beer made?




Laboratory Exercises

e 50% online lectures;

e 50% laboratory

e Eight labs in 12 sessions
o Water chemistry

e Beer Brewing

e Analysis

e FIELD TRIP

B.C. Hamper, J. Meisel, J. Chem. Ed. 97 (2020) 1289



Lab 5: All Grain Beer Brewing

Pumpkin Ale, Export Porter, Weissbier, Blonde Ale, Marzen, |IPA, Brown Ale



Humulone to Isohumulone
a-acids (AA) to iso-a-acids (IAA)

o-acids (AA) in hops |so-a-acids (IAA) in beer

Brewing Process
—

e [AA content - Beer Bitterness (IBU)
e IBU range 10 to >100 IBU
e Bitterness due to more than just IAA content!



Lab 6: Spectroscopic Determination of Bitterness
Selected Beers brewed in CHEM 1021

Imperial IPA (off-scale)
IBU> 120
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English Brown (30.2 IBU)
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Blonde Ale (20.0 IBU)
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Weissbier (9.9 IBU)

=
[

=
=

ager (6.7'BU)

o
S8 REBER S
Wavelength {nm)
ASBC: ‘Beer 23’:

Isooctane extract of acidified beer IBU = Abs,;5,, X 50




Components of Hops and Beer

Humulones (a-acids) Isohumulones (iso-a-acids)

OH O brewing

process

\\\\‘

OH
w) OH
AA

2a-c

Compd R Mw Compd R
cohumulone j-Pr 348 coisohumulone j-Pr
n-humulone i-Bu 362 n-isohumulone i-Bu
adhumulone sec-Bu 362 adisohumulone sec-Bu 362

Lupulones (B-acids)

OH O




Hop Extract CH,CI, extraction

61.6 % total humulones
(a-acids)

b
-

fractional KOH extraction

56% recovery

R
1a, n-humulone i-Pr 72%
1b, co-humulone i-Bu 20%
1¢c, ad-humulone sec-Bu 8%

Recrystallization
from CH,Cl,

Purification of mother liquors,
reverse phase LC

1a-PDA salt
40% vyield, >98% purity

1b
(98% purity)




Synthesis of Humulone Standards
c/s- and trans-isohumulones (IAA)

>:\ H O o0 0.2 NaOH/H,0
I[I R CH CI

o R 400 nm LED 21222
Nt - MgSO,

OH OH MeOH, 8h ‘ 4°C, 4 days
cis-lIAA

/ trans-l1AA

i _QANo0
yield 36% (>95% trans) {é?s[?t r; 882 2/?1(:3\/')9 salt)

n-AA = iBu
co-AA = iPro
ad-AA = sec-Bu

Extract

Hamper, Campbell, Luo, Murphy, Gleason, Smith, Jagan, Synthesis, 2024 (56) 3206.



HPLC: Isomerization of Humulones

o I :::i;':l H ]

R =iBu, iPro, sec-Bu

ad-AA

Reverse phase HPLC of extracted humulones and isomerized iso-humulones
C18 column; CH;CN/H,0/0.1% TFA; gradient elution



HPLC: Commercial Lager

total

St. Louis Lager
Isooctane extract

Standards IAA and AA

Reverse phase HPLC; C18 column; CH;CN/H,0/0.1% TFA,; gradient elution
UV detection 280 nm



HPLC: Imperial IPA

New PEAKS! Late hop additions lead to high

humulinones concentrations of humulones and

Reverse phase HPLC; C18 column; CH;CN/H,0/0.1% TFA,; gradient elution
UV detection 280 nm



Synthesis of Humulinone Standards
c/s-isohumulinones (OAA)

Q o
cumene hydroperoxide —\HO
satr' NaHCO3/H20 o e R
e — N\t
OH OH
/

Et,O, rt, 4 days

OAA

R
n-AA =iBu 48-56% yield (Na salt)
co-AA = iPro
ad-AA = sec-Bu

Hamper, Campbell, Luo, Murphy, Gleason, Smith, Jagan, Synthesis, 2024 (56) 3206.



N-Humulinone Sodium Salt

C1s 1somer - racemate

Hamper, Campbell, Luo, Murphy, Gleason, Smith, Jagan, Synthesis, 2024 (56) 3206.



HPLC Results:
Humulones and Derivatives (AA, IAA, OAA)

Style Oxidized Isohumulone |Humulone
humulone | (IAA) (AA)

== Naturalized
Porter Citizen

Pale Ale UMSL Pale

Ale
Imp IPA Drummer’s

Brew

Blonde Blonde Ale

Ale
(LY ET-CT 0 Bud

Stout Cherry Stout




Beer Bitterness
More than Just Isohumulones!

Humulones Isohumulones humulinones

 Humulone, Isohumulone and Humulinone contribute to beer bitterness
« Beer Bitterness = 0.1 (AA) + 1.0 (IAA) + 0.66 (OAA)*
« Additional additives can also contribute (Craft Beers)

J. P. Maye, J. Am. Soc. Brew. Chem. 74(1), 2016, 57-60.
T. Shellhammer, J. Am. Soc. Brew. Chem. 74(1), 2016, 36-43.



LCMS — Analysis of Standards

Isohumulones (iso-a-acids)

. Lupulones [B-acids)
Humulones (e-acids)

EIC 413
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EIC 399

EIC 361

EIC 347

B. C. Hamper, K. Zawatzky, V. Zhang, C. J. Welch; J. Amer. Soc. Brewing Chem., 2017, 333-338



LCMS: Isohumulone/humulone Comparison
CHEM 1021 Beer Samples

MISER LC-MS Analysis of Hop-derived Humulone and Ischumulone of a Classic American Lager & (6)
CHEM 1021 Student Beer Samples

Ischunmulone

e H Ll o1 2

A Famous English Oatmeal : Blonde - American
St.louis : Brown : Stout
Lager ~ Ale

Ale . Porter

IPA (Saison)

8 ppm

A

Hamper, Viriyasiri, Boland, Espinosa, Campbell, Driesner, McKeever, LCGC North America, 2021 (39) 329.




LCMS: Fast Analysis; 1 min/sample
Stouts and - bhme-s ds s || M Ales
Porters (7a-c) SGT;J:Ih, ::_*d‘:':"m:_t;?"ﬁ (11a-d) (12a-c) .

AP 40 AC 4P P o P of o NS (S 3PPt wP0R 0 08 PRIP00 00 P B T B Tt R

SIM (MW 347)

LA AL AL AN .l A AL AR AR ARCRUAR A |{.| RILRJURRCRIRA R AR 1\{

50 35 a0 &85 70
t (min)

KEY: Blue peaks (AA, humulones); Red peaks (IAA, isohumulones)

B. C. Hamper, K. Zawatzky, V. Zhang, C. J. Welch; J. Amer. Soc. Brewing Chem., 2017, 333-338



Comparison of Humulone and
Isohumulone Content

%

+ American Lagers
& Misc Lagers

i

& International Lagers
W Stouts/Porters
+Misc Ales

HiPA
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Isohumulone signal Intensity, 347 amu




Continuous Flow Photochemical System

J-KEM Syringe pumps

Reagent Alcohol
Flush solvent 5 mL syringes Photoflow System

#1 #2
Photoreactor

cabinet

THV Tubing

. II Fraction
Collector
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in ethanol Strip LEDs

Solution humulonel




Photochemical Flow Reactor
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Photochemical
Batch Reactor

Photochemical Flow Synthesis

LED (ho) w

EtOH

OH OH

trans-n-l1AA

Reactor Trans (%) Yield (%)
Batch >95 36%
Flow (white LED) - 6%

Flow (365 nm) 79 95%
Flow (395 nm) 99 97%

Hamper, Gallow, Giovine, Smith, Molecules, 2025 (30) 1002.

Photochemical
Flow Reactor



Photochemical Flow Throughput

_ LED(w) w

EtOH

OH OH

trans-n-lIAA

Photoreactor Flow Rate Conc (mM) Throughput
(mL/min) 1)
400 nm, 17 W 1.0 6.6 0.143
400 nm, 17 W 0.25 23 0.125
365 nm, 46 W 1.0 25 Mixture of
isomers (80:20)
395 nm, 42 W 1.0 20 0.434

Hamper, Gallow, Giovine, Smith, Molecules, 2025 (30) 1002.

Photochemical
Flow Reactor



Photoflow Synthesis of
Isohumulone Homologs

(a) Humulones (1a-c)
| OH O la — isobutyl (n-AA)

1b - 1s0-propyl (co-AA)

lc — sec-butyl (ad-AA)

—42-411
N

SE—

:
2 |

Conversion >95%

2a —isobutyl (n-1AA)
2b - iso-propyl (co-1AA)
2¢ — sec-butyl (ad-1AA)

N
(o]

Reverse phase HPLC; C18 column; CH;CN/H,0/0.1% TFA; gradient elution
UV detection 280 nm



UMSL Flow Chemistry Team




Brewery Tour
Urban Chestnut Brewing Company
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