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Polyphenols

Phenolic acids

- Benzoic acid
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Health benefits
(cardioprotector, anti-
carcinogenic, anti-
inflammatory,...)




Resveratrol and glycoside
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trans-Resveratrol trans-Piceid

4 Implication in the « French paradox »
n grapes : 0.5 to 39 ppm Low compared to
n red wines : up to 20 ppm __flavonoids but

1 Anti-carcinogenic, anti-viral, anti-oxidant,
anti-inflammatory and estrogenic activities




Hop polyphenols

O Flavonoids (10000 — 50000 ppm) :
- flavonols (300 — 2000 ppm) :
guercetin,

kaempferaol,...

- prenylchalcones o o
(up to 6000 ppm) : HO OH O
xanthohumol,... O |

OMe O

- flavanols (10000 - 50000 ppm) :

catechin, epicatechin, dimers, trimers - oligomers
R3

+)-catéchine: R1=H R2=0OH R3=H
-)-épicatéchine: R1=OH R2=H R3=H
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-)-galloépicatéchine: R1=OH R2=H R3=0H

Malt, water

O Phenolic acids (10 — 60 ppm) :
syringic acid, cafeic acid, ...
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4 Stilbenes (1-20 ppm):
resveratrol (1 - 5 ppm) piceid (1 - 15 ppm)
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Context

2003 : Discovery of trans-resveratrol in hop

Callemien, Jerkovic, Rozenberg & Collin, Journal of Agricultural and Food Chemistry , 53,
2005, 424-429

‘ Best cultivars ?

Impact of the harvest year ?
Impact of conditioning (pelletisation, ...) ?

Fate of stilbenes through the brewing process ?



Hop processing

Harvest

Drying

v

l Pelletisation

CO2 extraction

Solvent extraction

A

Hop extract Hop pellets






1.1. Standard synthesis

Jerkovic, Nguyen, Nizet & Collin, Rapid Communication in Mass spectrometry, 21, 2007, 2456-2466
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Synthesis and characterization of 22 analogs and 9 commercial standards
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1.2. Optimization of analyses of trans-resveratrol and
analogs in hop

Callemien, Jerkovic, Rozenberg & Collin, Journal of Agricultural and Food Chemistry, 53, 2005, 424-429

1. Elimination of hydrophobic compounds by toluene and
cyclohexane

2. Stilbene extraction by ethanol:water (80:20), 60T
3. Concentration
4. Analysis by RP-HPLC-MS/MS-APCI(+)
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1.3. Quantification of trans-resveratrol and trans-piceid
INn beer

Jerkovic, Nguyen, Timmermans & Collin, submitted

LOD : 5 ppb/ LOQ : 15 ppb

SPME - DIRECT ANALYSIS RP- HPLC ANALYSIS AFTER EXTRACT ION

Polyacrylate fiber

1. Extraction

2. Derivatization
(BSTFA)

3. GC-MS

+ Avoid pre-cleaning

+ Easy and rapid (1.5 h)
+ trans-resveratrol ok

— trans-piceid N.D.

— Bad reproducibility
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Elimination of
hydrophobic
compounds
(Toluene/Cyclohexane)

Liquid-liquid extraction
1. Extraction

(Ethyl acetate)
2. Concentration

RP-HPLC-MS/MS-
APCI(+)

+ trans-resveratrol
+ trans-piceid
- Bad recovery

Elimination of
hydrophobic
compounds
(Toluene/Cyclohexane)
Solid-phase extraction
1. Conditioning

2. Loading of beer
3. Elution (Ethanol)
4. Concentration

RP-HPLC-MS/MS-
APCI(+)

+ trans-resveratrol

+ trans-piceid

+ High recovery (76%)
- Long (8 h)




SPME-DIRECT ANALYSIS
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Lager beer without adjunct

Polyacrylate fiber

CP-Sil 5 CB column

Desorption 7 min at 280C

100 - 250C at 10C/min, 250C for 30 min
SIM m/z = 444

Helium = 1 ml/min
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RP-HPLC ANALYSIS
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Lager beer without adjunct

Prevail C18 (150 x 2.1 mm, 3 pm)

Temp. 30%C, Inj. vol : 10 ml, Flow 0,2 ml/min
Linear gradient from 95 % water (0,1% ACF
+1% ACN) / 5 %ACN to 100% ACN

APCI (+)






—> relationship stilbenes/ a-acids (hop bitterness)
Jerkovic, Callemien & Collin, Journal of Agricultural and Food
Chemistry, 53, 2005, 4202 — 4206

16 American pellets

Global stibene content
(mg/kg)
(00
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@ trans-Piceid O trans-Resveratrol

}

U American varieties

Necessary but not sufficient

U Low a-acids < 5.5 %

O ! Harvest-dependant

Willamette (USA) 2004
7 Willamette (USA) 2006
i Cascade (USA) 2004

7 Warrior (USA) 2004

7 Nugget (USA) 2004
Cascade (USA) 2006

Saaz (CZ) 2006
Tomahawk (USA) 2004
Simcoe (USA) 2004
Sladeck (CZ) 2006
Nugget (USA) 2005
Tomahawk (USA) 2006
Cascade (USA) 2005
Willamette (USA) 200§
Warrior (USA) 2006
Warrior (USA) 2005
Saaz (CZ) 2005
Spalter (G) 2006
Saphir (G) 2006
Nugget (G) 2006
ﬂ:oom (USA) 2005
Hallertau Taurus (G) 2006
Tomahawk (USA) 2005
Hersbrucker Spat (G) 2006

Hallertau Tradition (G) 2006
Smaragd (G) 2006

Hallertau Magnum (G) 2006
Hallertau Mittlefriher (G) 200p

Premiant (CZ) 2005

Wye Target (G) 2006
Nugget (G) 2005
Wye Target (G) 2005

Saphir (G) 2005

Hallertau Tradition (G) 2005
Hallertau Taurus (G) 2005
Smaragd (G) 2005

Hallertau Magnum (G) 2005
Spalter (G) 2005
Hersbrucker Spat (G) 2005

ALL GERMAN VARIETIES

Im__m:mc Mittelfruher (G) 200p
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Jerkovic & Collin, Journal of Agricultural and Food Chemistry, 55, 2007, 8754-8758



2.2. Phytoalexin > strong influence of the harvest year

Jerkovic & Collin, Journal of Agricultural and Food Chemistry, 55, 2007, 8754-8758

14 ~

12 A

B trans-Piceid
[] trans-Resveratrol

Stilbene concentration (ppm)

2004 2005 2006 2004 2005 2006 2004 2005 2006 2004 2005 2006

Willamette Cascade Warrior Tomahawk



Stilbene - light sensitive - strong influence of hop processing
Jerkovic & Collin, Journal of Agricultural and Food Chemistry, 2007, accepted

141 Harvest 2004 : influence of pelletisation

12

10 ~

Stilbene concentration (ppm)

cones pellets cones pellets cones pellets cones pellets cones pellets cones pellets

Willamette 4.9% Cascade 5.4 % Warrior 13.2% Nugget 13.8%  Tomahawk 12.1% Simcoe 12.8%

[ trans-Piceid in cones B trans-Piceid in pellets [] trans-Resveratrol



Stilbene concentration (ppm)

12

10 -

Harvest 2006 : influence of pelletisation

‘ No rules for cultivars sensibility

cones pellets cones pellets cones pellets cones pellets
Willamette (4.0%) Cascade (5.0%) Warrior (13.1%) Tomahawk
(14.2%)

[ trans-Piceid in cones B trans-Piceid in pellets [ ] trans-Resveratrol



Stilbene concentration (mg/kg hop)

Hop cones : influence of storage

12 -

10 A

[ trans-Piceid O trans-Resveratrol

L One-year storage at 4T leads to a

huge loss of resveratrol and its
| glucoside
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Stilbene concentration (mg/kg)

14

12

10

Hop pellets : influence of storage

2

O trans-Resveratrol in pellets

M trans-Piceid in pellets

& Total trans-stilbene in cones at 0 and 12 months




" Fresh hop
trans-Piceid cis-Piceid 2 trans-piceid
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Jerkovic & Collin, Journal of Agricultural and Food Chemistry, 2007, accepted.
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trans-piceid recovery (%)

Close to hop pellets storage

\. 4T, nitrogen, dark
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Jerkovic & Collin, EBC, 2007, in press

Detection of a trans-pterostilbene analog (same M+1 = 257) : concentratio n close to 1 ppm in

pterostilbene equivalents
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2.5. Other raw materials for brewers
Jerkovic & Collin, EBC, 2007, in press
Adaptation of hop extraction : cyclohexane + ethanol:water
For the first time, detection of traces of stilbenes in red sorghum : 0.5 -1 ppm!

‘ Matrix rich in flavonoids = potential source of stilbenes
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Jerkovic & Collin, EBC, 2007, in press

Method : PCR and DNA sequencing
Comparison with Stilbene synthase extracted from grapes

No stilbene synthase was found in hop - chalcone synthase might be involved in

stilbene biosynthesis (Yamaguchi et al, 1999 )
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Jerkovic, Nguyen, Timmermans & Collin, Journal of the Institute of brewing, 2008, in press.

Beers | trans-Resveratrol trans-Piceid
(ug.L™H) (ug.L™)
LG1 >5" >5"
LG2 >5" >5"
LG3 <5 >5"
LG4 <5 <5
TFW >5" >5°
TFA >5" >5°
TFP <5 <5
TFL <5 <5

“Under the quantification limit (15 pg.L?) of the

SPE procedure.

Resveratrol in commercial
beers ~ 5 ug/l



120 4

100 1

10 mg/l

S

80 1

60

Concentration (%)
3

=

40 4

20 -

trans-stilbene recovery (%) - initial concentration

t=0 End of fermentation, without yeast End of fermaginn, with yeast

° Ominutes 7 minues B ninues
Tivedf etiiion B trans-PiceidJtrans-Resveratrol
Btas{icdidOtrasresvarard
Ebullition = critical step Fermentation = release from the

glucoside
How to increase resveratrol content ????
-> Preparation of stilbene-rich hop extracts
? Use of spent hops

Jerkovic, Callemien & Collin, Journal of Agricultural and Food Chemistry, 53, 2005, 4202 — 4206



3.2 Enriched-hop extract

O L N W b 01 O N O ©
T I S B N R BN

Pellets ‘Spent )

Tomahawk Pellets Tomahawk Spent

H trans-Piceid [ trans-Resveratrol

CO, extracts




CONCLUSIONS

Methods have been optimized for stilbenes analysis | n
hop and beer

A new stilbene library is now available



A. Hop = exceptional source of polyphenols

B. For hop stilbenes :

= the American low- a-acid cultivars emerge as the most concentrated
before pelletization;

= strong influence of the harvest year;
= pelletization induces strong stilbene degradation;

= one-year storage at 4C leads to a huge loss of res  veratrol and its
glucoside, especially in the case of hop cones.

C. Beer:

= resveratrol in commercial beers ~ 5 pug/l;

= spent hop extracts could be very interesting to inc rease and
standardize resveratrol level in beer.

D. No stilbene synthase in hop

= chalcone synthase could be involved in stilbene synthe Sis.

E. Red sorghum is another source of stilbenes for br ewers
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