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GAS CHROMATOGRAPHIC AND MASS SPECTROMETRIC STUDIES OF
THE CONSTITUENTS OF THE RHIZOME OF CALAMUS

II. THE VOLATILE CONSTITUENTS OF ALCOHOLIC EXTRACTS*
GIACOMO MAZZA

Istituto Sperimentale per I'Enologia, Sezione di Chimica Enologica, via Pietro Micca 35, 14100 Asti (Italy)
(First received December 7th, 1984; revised manuscript received February 6th, 1985)

SUMMARY

An alcoholic extract of European calamus (A4corus calamus L.) was presepa-
rated by liquid-solid chromatography and analyzed by gas chromatography-mass
spectrometry. Of the 243 volatile components detected, 45 are newly identified in this
extract. The occurrence of f-asarone oxidation products and the formation of arti-
facts are also discussed.

INTRODUCTION

Dried rhizomes of Acorus calamus L. are used for medicinal purposes, in the
formulation of vermouths, liqueurs and bitters and also in veterinary science to treat
anaemia and the lack of appetite in cattle. Indian calamus is chiefly used in Indian
medicine as an emetic, laxative, diuretic and also to treat nervous diseases, etc. Dried
rhizomes of the European triploid variety are used exclusively for the preparation of
aromatized alcoholic beverages, because they have the best organoleptic properties.
Alcoholic extracts are, in general, prepared by macerating dried rhizomes (10%, w/v)
in 60% ethanol.

The B-asarone content, limited in beverages to 1 mg/kg according to the di-
rections of the Council of Europe!, may vary widely depending on the starting ma-
terial. Commercial calamus is found in three different types: dried rhizomes whole
or cut in lengths, dried rhizomes cut into pieces about 4-5 mm long and also barked
dried rhizomes.

In this study an alcoholic extract of A. calamus L. was analyzed by liquid—
solid chromatography and gas chromatography-mass spectrometry (GC-MS).

EXPERIMENTAL
Dried rhizomes (20 g) were left in contact with 100 ml of ethanol (or methanol)
* Work carried out jointly with “Comitato per lo Studio delle Bevande Alcooliche Aromatizzate™.
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GC AND M3 OF

for 48 h at room temperature. The liquid was filtered and the residue washed re-
peatedly with distilled water. The fiitrate was diluted to 500 mi in distilied water and
continuously extracted for 12 h with pentane-methylene chloride (60:40), after adding
5.506 mg of 2-heptanot as an internal standard. (After preseparation by liquid-solid
chromatography, 2-heptanol, added at this stage, will be found entirely in fraction
IV.) The final extract was dried over sodium sulphate and concentrated to a volume
of ca. 2 ml by using a Vigreux column.

Liquid-solid chromatography was performed on a glass column (35 x 1.8 cm
1.D.) packed with silica gel 60 (35-70 mesh). The analysis temperature was 10-11°C
and four fractions were obtained. Fraction I was eluted with 200 ml of pentane,
fractions IT and IIT with 200 m! of pentane containing 10 and 20% of diethyl ether
respectively and fraction IV was eluted with 200 ml of diethyl ether. To fractions
I-IT1, 5.506 mg of 2-heptanol were added as an internal standard.

Gas chromatography and GC-MS were carried out as described for the es-
sential oils (see Part I2). The concentrations of the individual components were com-
puted assuming equal responses for each, with respect to 2-heptanol as standard.

RESULTS AND DISCUSSION

An alcoholic extract of dried rhizome from European triploid calamus, chosen
from five commercial samples of the same variety and very similar quality, was an-

aluzad hy (M and (I0_RMQ Tahla T ohawe tha analutianl ragnlts and Eig 1 Atcnlauvs
QL1YZRU UY VJL alil UN—ivio, 1avuib 1 3nvwd ull alilaiytiCai Acouu_n, alla r'ig. 1 uidspiays

the gas chromatogram of the volatile fraction of the alcoholic extract. As the com-
position is much more complex than that of the corresponding essential oil, the
organic extract was preseparated by silica gel chromatography as described above.
Even a superficial examination of the results (Table I and Figs. 1-5) clearly shows
considerable qualitative and quantitative differences between the volatile fraction of
an aicoholic extract and that of an essential oil from the same variety (see Part i2).

The following classes of compound are examined: hydrocarbons, carbonyl
compounds and alcohols. The formation of oxidation products of -asarone and of
artifacts is also discussed.

Hydrocarbons
Contrary to what was observed for essential oils, hydrocarbons represent only

2.6% of the volatile fraction, camphene (peak 5) being the only one present in ap-
preciable amount (2.1%).

Carbonyl compounds

Practically all the carbonyl compounds occur in fraction II, although a very
small quantity can also be found in fraction III. Acorone (peak 186), pre-isocala-
mendiol (peak 121), acorenone (peak 143), shyobunones (peaks 99, 100, 103 and
107), isoshyobunones (peaks 104, 105 and 108) and camphor (peak 42) make up
46.2% of the volatile fraction. Acorone, a minor component in essential oil, is the
most abundant component in the alcoholic extract. Acoragermacrone is absent, while
traces of calamusenone (peak 142), calamusenone isomer (peak 160) and tropone

(peak 199) have been found
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Fig. 2. Gas chromatogram of fraction I.

Alcohols

Alcohols have been found in fractions III and IV. Calamendiol (peak 183),
spathulenol (peak 136) and linalool (peak 49) are the main representatives in this
class. Compared to the essential oil, the additional presence of borneol (peak 77),
trans-pinocarveol (peak 69), cis- and trans-sabinene hydrate (peak 47 and 36) and
3,7-dimethyl-1,5-octadien-3,7-diol (peak 115) was observed.

B-Asarone oxidation products

B- and x-asarone form 8.4 and 0.1% respectively of the volatile fraction, while
B-asarone oxidation products constitute 1.3%. Their importance is not connected
with the aroma of calamus, but with the supposed toxicity of f-asarone, whose con-
tent in beverages is at present limited by legislation.

Regarding the essential oils, a chemical oxidation of f-asarone was considered,
while in the case of the rhizome an alternative enzymatic oxidation is possible. The
suggested oxidation pathway for f-asarone also takes into account a reaction be-



199

*II uonoely jo werdojewiorys sen) ¢ ‘81

GC AND MS OF THE RHIZOME OF CALAMUS. II.

. T vei
| r A
v ] m ~
_ _
|
|
B - N B - 72 i -
M |
| M
1 i
4y A A A —
: "_ ; “
, | _ o e
© : _ L ; ! *
4 L I i i i _tHow ! 1 _
ﬂ N
. | T ) |
_ | | NEEER
_ - : g H | ”
N su ! i “
b i . : i & :
4 -—f— - B e — — —. 41.1[ 4 - . . “ _
4 N : : i T P
: ! : P
: . v ¥ .
I I 0 I O O L Lol ; M »
g =L = T R
. : —t e
_ R B _ Lol
- IR EEEE EE B P
. [ _ i i “ _
. e ) _ T8 ]
vo T4 i | A b
. aotl iy 121 0EL’ ool i o T Do
= IR | OM i1 i | ! _ i n" i




G. MAZZA

“[II uonoeyy jo werfojewosyo sen 'y ‘J1,q

unw
T
| i 651,
Y i |
- ]
o 4L 1y
. | cul ¥ |
oL
i P
" m boi (3 ) P
i eou /1] [lepe b
. : |
P | L
. , o
T H ——
— . M h A_ u i m m
; i eh ! i ol
] { A» T
- - i _ M
! : R 177 J 1 o B B u
el — : ; — :
| P N R RN .
m - : I 1 i :
_ i _ : b | _
i : i : . ! !
! ) | L | u m
: ., | i AN | I 1 “
; i {ver ] loe i gt :
i _ e e L o




201

GC AND MS OF THE RHIZOME OF CALAMUS. 1L

*AI uonoeyy jo werdojeworyo seo) ¢ ‘g

U
w_ ) " o
m Y bty — __ N . i M _r! : wcsﬂ . o | |
: / Ly | 8.4 E 3 _l
£ ' €0 [ 8 !
L8 L9 ey o€t ge| | |
T 1 st | | 0 _n.a.l.;. : T 1T
L I (1 (]
u I AU m_i | -
Do N y
- _ : ! LT
] : Lo M-Oﬁp hs 4 !
! 1 N R R
o I I T (I A G AN | A 1. _. ”
L : _u m | _mﬁ _ ! :
Bl EEEENEEERE | o
i - 4 ' : _l+ L I ! N
: | | SRR Rt b vha a1 (R & ) B GRS § i I
: Lo . R ! : 1 31
” R R ™ AT i ooz
- 1 ! . iL B - ¢ - L - —= T b A, smae
| H . : . ' 1 B .
”L T - m ) : 7] ] _ . . ¥
N i 1 i N N
a4l - - SRS | InE i B R
; L »._ L1 LHLIE T HREN
m RN . L - L
dﬁ ] L . | ot N
v | i Lo ” ' : : ¢ : i *
] ERRERREE ] S ey S R U
L= EEREEE IEREEEE ki Bl RS RN




0T 1 I uoqieso1phy susdiymbseg  ¢¢ 781 } vl Luopuom-d-1-Axomg+4  0f
961 T0°11 i aeeor Autog TS 081 1 wll ol dudud(01)z-Kxomy-g-sursyy 67
N 861 1 AL 31B1008 [APUSWOS] ISyl } ] umounyu} 8¢
M 961 b 11 91e3308 JA[eur] €1 1 Al suazuaqiluadoidosiAqoN-¢ LT
= 0T 3} 1 JUAIPI))-» oS ¥El 1 wAl uoqIed0IpAy umouyun 97
e} st SILD m {ooreary b 9€1 3 I swwwo-olr Uy ST
¥S1 } I umouyuy gy ovl 1 1 umouyupy  $¢
¥S1 1 Al »OVBIPAY SUDUIqRS-S1> [} 971 ! I »Ouo-z-undoy-¢-[APN-9 €2
861 1 AL aeIoE [APUSW 9P 911 ST - foueido-z 7
TS1 3 i umouyu) Sy 9¢1 1 N uoqredoIpAy susdisl, (g
4y 1 )i umouyun) o1 ) 1 umouyu) 0O

0T 1 1 susunfinn-» v 9¢1 1 1 sudjourdia], 6]

PN | »19159 140 proe el 18T I swwidyd Q|
091 L ML orEUA[eAKYIIW-¢-AXOIPDAH-T € 91 ! 1 WS04 (]
W1 619 I ‘Il Joydure) 8Tl 1 I LUO-E-UEPO 9]
14174 L I suarpoo-x-idoiq-L1 T vL1 1 well «J1008 [KUI9Ip [eUBXOH G
9p1 1AL 19159 jAyiau proe 9€1 1 I swmdia -4 ¢
srueUR[eAlAIoW-¢-AX0IpAH-Z [ 9tl } I JUWWDO-S12 €]
143! } I youawpoAxodg-supsy  Op 91 681 I auouown] |
0T 1 1 susedo)-» 6€ 9t b 1 suaurdiag -0 i1
8L1 } wll Luswko-d-Axomyg-g 8¢ 9¢1 1 1 WKW 01

oLl SO'II Al ‘11 (proueiny) apixo joo[eur-s22 091 1 wll #[BI008 [KUIRIp [eUEIUD 6

44! 1 1§ youommwoixodyg-s20 Lg 9€1 ] 1 sudmiqes g

#S1 1 Al »AIBIPAY SusuIqeg-sups  9¢ 91 OLVI I owug-g L

911 ) Al Jloueidag-1 001 1 n JJBUBXOH 9

9 ) )] spAyepremi-z  g¢ 91 6¥ITP 1 suoydwey ¢

871 1 {11 [0-€-UPO-T ¥ o€l ¥8'LE I smuld-»  §

wux69 1 n GMOUNUN) €€ 9¢1 1 1 swfmyyn ¢

0Ll ¥I'lI AL ‘I (ptouziny) apixo jooJeUr]-SUDY ¢ 911 } well Swmifngost iy

09 } Al pREONNY  [f TEl 1 well »[E1908 [Aqorp euedorgy |

uonov4f uoyovif

™M (wdd) 128 ON "M (wdd) 198 ‘ON
JOW  yunowy s punodwo)  yvad ‘JOW  unowy s punoduio)  yvag

202

‘widd ¢'0] ueq) ssaf = ) ‘pIEpUL]S [BWINU] = °§']
$-1°SOI NI SAVdd 30 NOLLVDI4IINAJI
1314VL



203

GC AND MS OF THE RHIZOME OF CALAMUS. I1.

(#0z -d uo panuiuo))

00T Tetl

(44! 1
07T €8¢l
(1744 1
0Tz 98%'06v

0T LSvL

e

0TT  ¥6'601

g
(3]
e

ST p6'Sl

&

~N
P R

$91 78St

o~

)

-—
A e e

2
~§Z=:Z=B=E=Eéé

sualooe[e)-»

wlouega[Ausyg-z

Jounds suounqoAysost Uy

suadiambsss umouyun}

auounqoAysg

[oyoo[e suadiaymbsag

Jouids suounqoAysost uy

yloyoo[e [Azuog

auounqoAysosjy

auounqoAysidar1-9‘z

»PE ormoide)

[0-8-BdwA)-d

QUOUSWIR[ED

suounqoAysidg-9

(l09ATRD-sUDI]

Jounda auounqoAys y

SUIUIUIB[ED Y

¢, 91e1oe Uy

[oyoore auadio],
¥2URIPEIP-p [0y pIophorq

-JAdoadost-£-[Agiaunq-01‘p

[oyoore auadia],

susWNOIN)-©

suarpuejjaqdmbssg-¢

umouyur)

suauIpe)-¢

umouyur}

(proue14d) apixo joofeury-s2

umouyun

(ptoueIAd) apixo [oo[eulT-sup4

{, sudrprIooy-4

»PI0® JIUBLIS[BA

»b [0-8-UIP-Z-(L) [-BIUSN-d

auojuadiyg

SUAUIRS-»

011

801

L01

| 7174

11°01

-

- e

R B R )

A e e w4 4 e el D D b b e e el e e

=Z~~EZEEEHEE

[
i
ol

AI‘Il

[

suoAIe)

ouourjog-§

wusrepyden

»JUOUSATED)

joomdia] -0

{ susunlmn-4L

sloduzog

ae0e Uy

aje1208 jAAIRdOULf-SuDd]

JUINPRIOOY -

LIUAIPLIOI. Uy

umowyup)

SUIIPRIOIY-D

ous[UIME-»

umouyun)
»SUO-G-UBINJOIPAY

-BISNAIW-Z-IAUIA-T

LlosaIROOUL]-SUDYY

uoqreso1pAy susdiaymbsog

ausrprIOSE UY

[0Iuay

yououaydojeoy

xP0R ouking

youopeoifing-4

suouegduresos|-opua

uoqIed0IpAy susdiambsag

u0qaes01pAy auadinymnbsag

[ousLnol

~IBUALIAN

suajiAydosre)-g

[o-p-uauidio],

uoqIedo1pAy auadioymbsag

ouawag-§

ausunfing-g

aeapAy suaydwie)

udowedisg-suv.i-o



G. MAZZA

204

0T 1 m fousmyedsos 651 W oTey I jo1p) €1
81T 8S'8T Al umouyuy  §GI W g7 11 Joyoore suadsymbsog
90T } I yououaapfs-plonds-srp  L6] (444 Al jouenfy  Zgl
81T  tL6T 1 suadroymbsos umouuny 961 raxé 1 AL Jowary
W P6'9E Al [oyoore suadanymbsag ¢ 07T  69'6¢ I suadisymbses umouuny i€l
81T } I ouadisynbsos umouyur)  ¢5| 14! L Al pwe onlide)
| 3 I suojeyonds y 0z  $8°T8 I 2u03ay suadioymbsag  Of]
0T 1 i 2u0RY suadiambseg €51 (444 1 I JJoudipeunas y - 671
Wt WY Al [oupe)®9l 761 W Twsy Al ‘III [OPYOION-sUDs 7]
os1 1 I JoIoRAIRD) WT  $9°T8l I suadisymbsas umouyuny LTI
8€T 1 n suadioynbsos umouyup) g w { o suadisymbsas umouyuy 97|
we ! Al jowsspna uy (51 W gy AL ‘III Toqoore suadiymbsag
8Ll 1 It Iay1a [Ay1om [0UsBN0S]-sup.l 0z 11 usouyu)  §7I
w 1 Al (jounodR Uy 6h1 07z 900z I su0jay suadisymbsag i
e 1 Al [okauo], 8yl 0T 9611 I 11 sprxods suomumy €71
80T 1 m oupruly Lyl we } III LlorogmpuiA - ZT1
0T STILE I suadizymbsos umouwyu()  9p| 0Tt 1 Al Joyoore auadisymbsag
W I1ITse Al ‘III Jowpes-o-ldg-01  Sp1 0T 86°LSS1 I [olpuowieledos-ald T
w 1 I fourped-1L 0T 1 i I sprxods suspnuny Q71
0TT  TLY91 I umouyu  ppl T 1 I i fomsapng-L 611
0z 9r'leyl I ‘1 JUOUANOYY £l r4x4 } m umouyu)
81T 700t 1 SUOUSNUWIER)  TH] 41 AN (¥ A weAl 1 suaL-6'y [-B[epe) 8l
07 1 m ouodioymbsos UMOUNUN) [Pl 4y S91 1 i umouyury  LII
we 1AL {jowsapne oy Of] t4x4 1 AL umouyun) 911
W roe Al ‘I xloustpeuls v 0oLl SEVL Al X[OIP-L‘€-UAIPRI00-6“ [-{AYIoWI-L *E
(1744 i ouojay ouadiaymbsag 61 0T 80°SS I apixo auapdydore) ¢y
w 1 Al umouyur} 8¢l A
0T 1 I umowyuy  LE] 0T (oo wlll 3USI00E[ED Y
0T  0E'v6l Al ‘111 jousnyeds  9¢] (1744 i aprxo suadiymbsag  pI|
9T ygc I suojay auadiaymbsag W el Al ‘i1 Jlouwdpeulas v €]
0T 1 suonemIaBeIody  Sfl (444 1 Ini ylowoprugs vy [
8L1  S8'STI I 10 [AYIPW [0uaSn0sT-s12  pE] (744 1 1 au032y suadisymbssg 1]
uotovaf uopovLf
m (wdd) 123 ‘ON 1M (wdd) 138 ON
1O wumowy voyis punodwo) yvad ‘oW sunowy voIs punodwo) yvag

(pomuuo0) 1 ATGVL



205

GC AND MS OF THE RHIZOME OF CALAMUS. II.

‘yead oseq .,
WBIIIY

] SMuD[D? 'Y WY WY 181G 94} 10§ PIGHUIP]

(44

T
(444
(44
(414
(44
L1
81T
0LT

(44
(454

9¢T
0LT

LS'L1 Al
01’19 Al
1T°§T Al
[4 4174 Al
10°61 Al
[O241 Al
STsS1 Al
1 111

1 m

£T08 wAl
1 Al

(39 274 Al
919 Al
vTloe Al
°E°T6 »aAl
Sy'LS Al
1 ALIID

. Al
6°C61 Al
09'651 Al
) Al
8LvIy Al ‘I
9T'6Lt Al'lll
LLSYTS AN
} II

14K 44% Al ‘TII

umouyun

umouyuf)

umouyu)

umouyun)

amouyun)

umouyu)

umouyun

suodor],

¥{ SUATAUIEB[BOAXOIPAY Y
yJo-z-uedoxdAxoyje-1

~(jAuaydAxoqioumi] -6*4°7)-1

suousydordordAxoqiomu ] -4

umouyun

SpAyspjeuOIBSY

umouyupny
wylo-z-urdoadLxoyia-|

~(1KuoydAxoyIownI] -6 4°7)- 1

suojeorjAuaydAxoylomni | ¢ ‘p‘7

(3USUOIcoR Uy

uMmouyun}

(2UAUOI00E Uy

SUIWOIOE UY

{ UaU010dE Uy

2UO0IOdE UY

2UOI0BOS]

2u0I00Yy

amouyupn)

¢ suouedoidp

90¢
1174
144
1174

102

661

861
L6t
961
s61
¥61

€61
761
161

061
681

381
L8
981
s81
#81

X4
807
81T
8¢T
{17144
8t¢
8I¢
9T
8¢€T
9¢T
81¢

80¢
] 14
20T

9T
81T
{1744
(444
8€T
(444
(444
90T
(444
9¢T

81¢C

L0°60L1
(478 14
90°L0t
44

1
81°9L

3}
206t
8°9L

1
Loey
86°L0€
ET'ETLI
1Z°61

1

£T'811

3
81°et
81°TZl
1ezy
1TLE

1
LEoOY
06°8¢
e
€£'8C

1

Al
Al ‘III
Al
m
Al
Al
Al
Al
Al
III
Al
Al ‘I
Al ‘TII
Al ‘I
II

I

n

Al

11

Al

I

Al ‘T
m
Al
II

104

I

[o1puswE[E)
uolesy-v

umouwyun
umouyun
joipueaydmbsag-g-sun.ay
umouyun
umouyur)
suadisymbsas umouyun
[OIPUSUTE[2I0S]
umouyun
UIUSWB[RIAXOIPAY Y
[oqoore suadioymbssg
suoresy-g
¥OUSUSWR[BIAXOIPAY Y
auo-1-usfeqiydenorpiyens
'€ 1-1Apew-9-[Adordost
2u019) auadiayinbsag
suadisymbsos umouyun
[oqoore suadiambsaog
joyoore auadioymbsag
[oyoo[e auadiaymbsog
[oyooje suadiaymbsog
[oyoofe auadiaynbsag
{, duoeyonds y
[oqoare susdioymbsag
21019y susdiaymbsag
SUIOMS[0S]-512
IOWOST SUCUISNUIR[E)

€81
<81
181
081
6L1
8L]
LL1
9Ll
SL1
PL1
€L1
(74
1LY
0Ll

691
891
L91
991
s91
€91
91
191

091



206 G. MAZZA

tween ethanol and a probable epoxidic intermediate giving two diastereoisomers of
1-(2,4,5-trimethoxyphenyl)-1-ethoxypropan-2-ol (peak 193 and 198). These two com-
pounds, which represent 53% of the oxidation products in the alcoholic extract, are
absent from European calamus oil but present as traces in Indian calamus oil, as
diastereomers of 1-(2,4,5-trimethoxyphenyl)-1-methoxy-propen-2-ol (peak 87 and 91,
see Part I, Table 12).

their methanolic derivatives.

Mass spectra of these compounds have been published recently3.

Artifacts

Three hydrocarbons (peaks 21, 26 and 27) have been found in fraction IV,
instead of fraction I as expected. The same compounds, on the other hand, are pre-
sented in the organic extract before preseparation by liquid—solid chromatography.
As the occurrence of these hydrocarbons seems to be linked to the presence of well
determined alcohols, a thermal dehydration taking place in the gas chromatograph
injector may be responsible for the formation of such hydrocarbons from the cor-
responding alcohols, namely 4-methylisopropenylbenzene (peak 27) from p-cymen-
8-ol (peak 102), compounds 21 and 26 from two unidentified alcohols. Similar con-
clusions can be reached regarding the two isomers of calacorene.

The presence of several sesquiterpene hydrocarbons in fractions III and IV
(fraction III for essential oil, see Part I, Table IT) is probably an artifact. Cadala-
1,4,9-triene, for instance, is present in fractions I and IV as well as in the organic
extract before the preseparation. The amount in fraction I must be taken as naturally,
while that found in fraction IV might come from a kind of dehydration as pointed
out previously.

Menthyl and isomenthyl acetates already found in fraction II are unexpectedly
present in fraction IV. The simultaneous occurrence of menthol and acetic acid in
fraction IV might be responsible for the formation of these compounds.

Other artifacts are found in the alcoholic extract as ethers, acetals, esters, etc.;
B-asarone oxidation products themselves must also be regarded as artifacts. Mass
spectra of the identified ethyl ethers have already been published*.

In order to elucidate the occurrence of artifacts both in essential oils and al-
coholic extracts from natural sources, further research is being carried out.

REFERENCES

1 Flavouring Substances and Natural Sources of Flavourings, Council of Europe, Maisonneuve, Mou-
lins-Lés-Metz, 3rd ed., 1981, Appendix A, p. 34.

2 G. Mazza, J. Chromatogr., 328 (1985) 179.

3 G. Mazza, Sci. Aliments, 4 (1984) 473.

4 G. Mazza, J. Chromatogr., 264 (1983) 304.



