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sorghum beer
‘
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made with
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ABSTRACT: Several polyfunctional
thiols have been previously identi
fi
ed in beers made from barley and hops. These compounds
have not been investigated in beers brewed with
‘
non-Western
’
raw materials. Here we have performed a thiol-speci
fi
c extraction
with
p
-hydroxymercuribenzo
icacidon atraditional
ikigage
sorghum beerfromRwandese peasants (use of
Vernonia amygdalina
just
for yeast propagation), and on two pilot beers with addition (or not) of
V. amygdalina
in the boiling kettle, instead of hops. Gas
chromatography
–
olfactometry, gas chromatography
–
mass spectrometry and gas chromatography with pulsed
fl
ame photometric
detectionanalyses of the extracts enabledustoidentify 14polyfunc
tionalthiols.The well-known ho
pconstituent3-methyl-2-buten-
1-thiol emerged as a key
fl
avour in the unhopped beers containing
V. amygdalina
(
fl
avour dilution
>
262 144). The addition of
V.  amygdalina
during boiling also resulted in the presence of 1-but
anethiol, but the productio
n of 2-sulfanylethanol and
2-sulfanylethyl acetate was inhi
bited. Complementary data are
required to understand how
V. amygdalina
leaves are able to impact
upon the Ehrlich pathway leading to cysteine and homocystei
ne-derived thiols. Copyright © 2012 John Wiley & Sons, Ltd.
Keywords:
polyfunctional thiols; aroma; sorghum beer;
ikigage
;
Vernonia amygdalina
Introduction
In sub-Saharan Africa, traditiona
l sorghum beer is a popular alcoho-
lic beverage for African ceremonies. Sorghum beer is known as
ikigage
or
amarwa
in Rwanda,
[1]
tchoukoutou
in Benin and Togo,
[2]
pito
in Ghana and Nigerian,
[3]
bili bili
in Chad
[4]
and
impeke
in Burundi.
[5]
These beers made from sorghum malt or millet are unhopped.
Hop is a temperate crop that cannot be successfully grown in
tropical African countries. Several studies reported the possibility
of using
Vernonia amygdalina
instead of hop in African sorghum
beers.
[6
–
10]
V. amygdalina
, known as
‘
bitter leaf
’
, is a green shrub
found all over Africa and belonging to the
Asteraceace
family. It
mimics hop not only by its antimicrobial properties
[11,12]
but also
by its bitter taste.
[10,13,14]
In European beers made of malted barley and hop, many studies
have shown the key role of polyfunctional thiols.
[15
–
17]
Characterized
by extremely low threshold val
ues, these compounds are also
important contributors to the cha
racteristic aroma of various
fruits,
[18]
and wines.
[19]
Gas chromatography
–
olfactometry (GC-O)
and gas chromatography with pulsed
fl
ame photometric detection
(GC-PFPD) analyses of thiol speci
fi
c beer extracts [
p
-hydroxymercuri-
benzoic acid (
p
-HMB)] have led to the identi
fi
cation of 2-sulfanyletha-
nol (
2
in Figure 1), 3-methyl-2-buten-1-thiol (
4
), 3-sulfanylpropanol (
5
),
2-sulfanylethyl acetate (
6
), 4-sulfanyl-4-methylpentan-2-one (
9
),
3-sulfanylpropyl acetate (
11
), 3-sulfanylhexanol (
15
), 2-sulfanyl-3-
methylbutanol and 3-sulfanyl-3-methylbutanol.
[16]
Among these-
compounds,  the  onion-like  2-sulfanyl-3-methylbutanol
[20]
is
suspected of having arisen through the reaction of hop allylic
alcohol with yeast hydrogen sul
fi
de.
[21]
In these
‘
Western-like
’
beers, Takoi observed a strong effect of the hop variety, claiming
that this ingredient could be the main source of certain polyfunc-
tional thiols.
[22]
Recently, Gros
et al
.identi
fi
ed 41 free thiols in
several hop varieties and suspected them of being released from
bound precursors through wort boiling and fermentation.
[23]
Surprisingly, polyfunctional thiols  have not yet been
studied in beers brewed with non-Western raw materials.
Here we have performed a thiol-speci
fi
c extraction with
p
-HMB
[24]
on a traditional
ikigage
sorghum beer from Rwandese
peasants (IKT; use of
Vernonia amygdalina
for yeast propagation),
and on two pilot beers made with (RV6.V) or without (RV6) addition
of
V. amygdalina
(instead of hop) in the boiling kettle (use of a
dominant strain selected from traditional leaven, referred to as
RV6). Thiols were analysed with different gas chromatography
detectors (olfactometry, pulsed-
fl
ame photometric detector, and
mass  spectrometry),  and  compared  with  various  references
available in our combinatorial libraries.
[25
–
28]
The well-known aroma
extract dilution analysis (AEDA) methodology
[29]
was applied in
order to assess the relative contribution of traces undetected
by usual detectors.
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[bookmark: 2]Materials and Methods
Reagents
p
-Hydroxymercuribenzoic acid (
p
-HMB),
L
-cysteine hydrochloride
monohydrate and hydrochloric acid (37%) were purchased from
Sigma-Aldrich  (Bornem,  Belgium).  Dichloromethane  (99.9%),
obtained from Romil (Cambridge, UK), was distilled before use.
4-Methoxy-2-methylbutan-2-thiol  was  obtained  from  Oxford
Chemicals (Oxford, UK). Milli-Q water was used (Millipore, Bedford,
MA, USA). NaOH and Na
2
SO
4
(99%) were supplied by Janssen
(Geel, Belgium). A strongly basic Dowex resin 1
2, Cl
form
(Sigma-Aldrich, Bornem, Belgium) was stored in hydrogen chloride
(0.1
M
). Anhydrous sodium sulfate was obtained from Merck
(Darmstadt,  Germany)  and tris(hydroxymethyl)aminomethane
(TRIS) from USB (Cleveland, OH, USA). 1-Butanethiol (
1
), 2-
sulfanylethan-1-ol (
2
), 3-sulfanylpropan-1-ol (
5
), 2-sulfanylethyl
acetate (
6
) and 3-sulfanylpropyl acetate (
11
)werepurchased
from Sigma-Aldrich (full chemical structures are given in Figure 1).
4-Methoxy-2-methylbutan-2-thiol, 3-sulfanylhexan-1-ol (
15
)and
3-methyl-2-buten-1-thiol (
4
) were obtained from Oxford Chemi-
cals. 4-Sulfanyl-4-methylpentan-2-one (
9
) was from Frutarom
(Hartlepool, UK). 3-Sulfanyl-3-methylbutyl formate (
12
)wasobtained
from Endeavour (Northamptonshire, UK).
Reference compounds synthesized in our laboratory
3-Sulfanylbutyl acetate (
13
), 3-sulfanyl-2-methylpentyl acetate (
20
),
4-sulfanyl-4-methyl-2-pentyl  acetate  (
16
)  and  3-sulfanylhexyl
acetate (
19
) were synthesized in our laboratory prior to the study
(reagents and complete proced
ure are given by Vermeulen and
Collin
[27]
). 3-Sulfanylheptanal (
17
) and 3-sulfanylheptanol (
18
)had
been previously produced according to Vermeulen
et al
.
[26,28]
Ikigage beer samples
Production of pilot beers with or without
Vernonia amygdalina
leaves (RV6 and RV6.V)
The production process for pilot beers is described in Figure 2.
Two hundred grams of malt (60 g
Eleusine coracana
and 140 g
red sorghum) from peasants were mashed in 1000 ml distilled
water at 45
C for 30 min. Thereafter, 150 ml of the clear
‘
enzymatic supernatant
’
was removed, while the remaining
mash was heated at 90
C, held at the same temperature for
30 min, and cooled below 50
C at which time the clear
‘
enzymatic supernatant
’
was re-added.
[30]
This mixture was then
brewed according to the following mashing programme: 1 h at
63
C, 10 min at 75
C. The wort was centrifuged and then heated
to boiling for 50 min. For production of the RV6.V pilot beer,
leaves of
V. amygdalina
(2 g/l) were added after 10 min boiling.
Fermentation  was  conducted  with  dominant  yeast  strains
(
Saccharomyces cerevisiae
, referred to as RV6) from Rwandese
traditional
‘
umusemburo
’
leaven in a light-protected Erlenmeyer
fl
ask, equipped with a gas trap. Yeast was pitched at 10
7
cfu/ml
and fermentation was carried out at 30
C for 3 days. After
centrifugation (13 000
g
, 25 min), the beer was kept at
20
C
until thiol-speci
fi
c extraction.
Beers from Rwandese peasants (IKT)
Traditional
ikigage
beer was collected from the Tumba market
site, in the southern province of Rwanda. Samples were taken
from opaque tanks, in bottles (500 ml), preserved from light with
aluminium sheets, stored in the freezer (
20
C) and then
extracted immediately after opening. The traditional process of
manufacture of
ikigag
e has been described by Lyumugabe
et al
.
[1]
V. amygdalina
is used only during the production process
of traditional
‘
umusemburo
’
leaven.
Extraction of polyfunctional thiols
This extraction method is based on the speci
fi
caf
fi
nity of thiols for
p
-HMB.
[24]
Beer (500 ml) was stirred with distilled CH
2
Cl
2
(200 ml) for
30 min. After decantation (
15 min), the lower phase and the
interfacial emulsion were centrifuged for 20 min at 1200 g. The
organic phase was t
hen extracted by 2
20 ml of a
p
-HMB solution
(360 mg of
p
-HMB, 24.6 g of Tris in 1 litre of Millipore water) for
5 and 10 min, respectively. The
combined aqueous phases were
loaded into a strongly basic anion exchanger column (Dowex
1WX2-100 resin from Aldrich Chemicals), washed beforehand by
NaOH 2
M
,HCl2
M
, and, in between, was rinsed by ultrapure water.
R = OH (
2
)
R =Acetate (
6
)
R
SH
R = OH (
5
)
R =Acetate (
11
)
SH
R
(
4
)
SH
SH
(
1
)
SH
O
O
(
12
)
SH
O
O
(
13
)
R = O= (
9
)
R = Acetate (
16
)
SH
R
R = OH (
15
) 
R = Acetate (
19
)
SH
R
R = O= (
17
)
R = OH (
18
)
SH
R
SH
O
O
(
20
)
Figure 1.
Chemical structures and numbering of thiols
Polyfuntional thiols in sorghum beer
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[bookmark: 3]Then 50 ml of sodium acetate buffer (0.1
M
, pH 6) was poured on
the resin to remove impurities. Volatile thiols were released by
percolating a puri
fi
ed cysteine solution (640 mg of
L
-cysteine hydro-
chloride monohydrate in 60 ml of M
illipore water; this solution was
washed with 2
5 ml of distilled CH
2
Cl
2
before use). The eluate
containing the volatile thiols w
as collected and extracted by 4 ml
and 3 ml of distilled CH
2
Cl
2
using magnetic stirring (5 min each
time). The organic phases were pooled, dried on anhydrous
Na
2
SO
4
,and
fi
nally concentrated in a Kuderna to 250
m
l, to be
storedat
80
C.4-Methoxy-2-methyl-butan-2-thiol(OxfordChemi-
cals), added at the
fi
rst extraction step, and thiazole 99% (Aldrich
Chemicals), added before the
fi
nal concentration step, were used,
respectively, as internal and external standards (IST and EST).
Gas chromatography
–
olfactometry
One microlitre of the
p
-HMB extract was analysed with a Chrompack
CP9001 gas chromatograph (Antwerpen, Belgium), equipped with a
splitless injector maintained at 250
C; the split vent was opened
0.5 min post-injection. Compounds were analysed with a wall-
coated open tubular (WCOT) apolar CP-Sil5-CB (50 m
0.32 mm
i.d., 1.2
m
m
fi
lm thickness) or polar FFAP CB (25 m
0.32 mm i.d.)
capillary column. The carrier gas was nitrogen and the pressure
was set at 50 kPa (CP-Sil5-CB). The oven temperature was
programmed to rise from 36
Cto85
Cat20
C/min, then to
145
Cat1
C/min, and
fi
nally to 250
Cat3
C/min and held for
30min. In order to assess the olfactory potential of the extract, the
column was connected to a GC-O port (Chrompack) maintained
at 250
C. The ef
fl
uent was diluted with a large volume of air
(20 ml/min) pre-humidi
fi
ed with an aqueous copper(II) sulfate solu-
tion. The extract was analysed immediately after extractionby three
trained panellists. Complete AEDA was performed on the
p
-HMB
extracts by one operator, with the CP-Sil5-CB column. The extracts
were diluted stepwise with dichloromethane (1+1 by volume).
The dilution factor (FD) is de
fi
ned as the highest dilution at which
the compound could still be detected (FD=2
n
with
n
+1=number
of dilutions applied on the extract until no detection by GC-O). The
precision of this AEDA analysis is
n
1 (factor 2 between FD values).
Gas chromatography
–
electronic impact mass spectrometry
Mass spectra (
m
/
z
=40 to 380) were recorded at 70 eV on a
ThermoFinnigan Trace MS mass spectrometer connected to a
ThermoFinnigan Trace GC 2000 gas chromatograph (Manchester,
U.K.) equipped with a splitless injector and a 50 m
0.32 mm i.d.,
wall-coated open tubular (WCOT) apolar CP-Sil 5 CB MS capillary
column (
fi
lm thickness: 1.2
m
m). The oven temperature program
was the same as that described for GC-O. Spectral recording
was automatic throughout elution; Xcalibur software was used
(Manchester, U.K.).
Gas chromatography with pulsed
fl
ame photometric detection
Two microlitres of the
p
-HMB extract were analysed on a
ThermoFinnignan Trace GC 2000 gas chromatograph equipped
with a splitless injector maintained at 250
C and connected to a
O.I. Analytical Pulsed Flame Photometric Detector, model 5380
(College Station, Texas, U.S.A.). The injections were carried out in
the splitless mode at 250
C, the split being turned on after
0.5 min. The carrier gas was helium at a pressure of 90 kPa. At
the detector, the following parameters were selected: 250
Cas
the temperature, 600 V as the voltage, 18 ms as the gate width,
6 ms as the gate delay, 580 mV as the trigger level and 3.70 Hz
as the pulse frequency. The oven temperature program was the
same as that described for GC-O.
Identi
fi
cation of the compounds
Mass spectrometry identi
fi
cations were done by comparing
the mass spectra obtained from each sample with those
obtained  with  pure  or  synthesized  compounds  injected
under the same conditions and/or present in the NIST library.
The  retention  indices  (retention  times  normalized  with
respect to adjacently eluting
n
-alkanes
–
decimal numeral
system) were determined by injection onto two capillary
columns (CP-Sil5-CB and FFAP-CB) connected to the FID or
the olfactometric detector. In the case of PFPD detections
(interesting for traces giving no GS-MS peak), injection of
Red sorghum malt (140g) + 
Eleusine coracana 
malt (60 g) 
Water (1000ml/45°C)
Decantation (45°C/30 min
Gelatinization (90°C/30 min)
Decoction (50°C/10min, 63°C/1h, 75°C/10)
Enzymatic supernatant (500 ml)
Filtration (centrifugation 10 000g/5min)
Boiling (50 min)
With and without 
V. amygdalina 
(2 g/L)
Fermentation (30°C/3 days)
Yeast strain (10
7 
UFC/m)
Ikigage 
beer
Figure 2.
Production process of pilot
ikigag
e beers (RV6.V and RV6)
F. Lyumugabe
et al
.
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