
Phytdlcmlmy, 1971, Vol 10. pp 1245 to 1250 Pergamonprm. pnntedm&Ilad 

EFFECTS OF STORAGE ON THE VOLATILE 
COMPOSITION OF NUTMEG 

K. JEAN SANFORD and D. E. HBINZ* 

Department of Consumer Sczences, Unzversrty of Cahforma, Davis, Cahforma, U.S.A 

(Recezved 26 June 1970, revzsed 30 September 1970) 

Abstract--The volatzle constztuents of nutmeg (Myrzstzcu jkzgruns) were zsolated and zdentzfied usmg GLC 
techmclues and 1 r. and U.V. spectral data In addztion to the prevzously reported volattle constrtuents, 
a-thujene, A3-carene, 1(7),2-p-menthadzene, and truzz.z and czs-sabmene hydrate were rdentrtled Prolonged 
storage of nutmeg resulted m changes m the volatde composztzon as determined by gas chromatography. 
The varzatzon m composztzon of these nutmeg constituents appears to be mamly a functzon of therr volatzhza- 
tzon. The percentage of free myrzstzc aczd may serve as an mdzcatzon of the age of ground nutmeg. 

INTRODUCTION 

PREVIOUS invesugators14 have reported the volatile chemical constituents of nutmeg, the 
dned ripe seed of Myrlsticafiugrans Houttuyn (Myristlcaceae), to be mainly monoterpene 
hydrocarbons and alcohols, and substituted benzene derivatrves. However, the composition 
of nutmeg as determmed by a number of authors varies, and Shulgin et aL3 have reported 
variatrons m the composiuon of nutmeg from drfferent geographical regions. In addition, 
although unpubhshed results of a questionnaire survey5 mdicated that most consumers 
purchased ground nutmeg and stored it near heat for at least 12 months, no studres have been 
published concerning changes occurrmg m this spree durmg storage. The present study was 
done to characterize further the volatile substances of nutmeg and to determine to what 
extent prolonged storage affects these constrtuents. 

RESULTS 

A typrcal gas chromatogram of the volatile components of nutmeg, isolated from a 
single seed, is shown in Fig. 1. The previously reported volatile constituents as determined 
by retention or spectral data are grven in Table 1. In additron to these compounds, a- 
thujene, A3-carene, &phellandrene, and truns and cis-sabmene hydrate were identified by 
their spectral properties (Table 1). 

To determme to what extent individual nutmegs vary m the amounts of their volatile 
constituents, individual seeds were extracted and analysed separately. Considerable 
variability m volatile compositions was observed (Table 2). For example, peak 33 (methyl- 
eugenol) constituted only O-3 % of the volatiles of nutmeg A, but this peak constituted 
17.9 % of the volatlles of nutmeg C. Peak 38 (myrrsucin) varred from O-2 % in nutmeg A to 

l Present address- Chermstry Department, De Anza College, Cupertino, Cahfornia, U S A. 

1 I? B Powaa and A. H. SALWAY, J Gem. Sot. 91,2037 (1907). 
2 M. I. PITY and S. S NICMM, Reichst Aromen Koerperpjh. 16,399 (1966). 
= A. T SFWLGIN, T. SAFLG~~~ C. N-0, Ethtzopharmacologzc Search for Psydwactzw Drzzgs, pp 202 

214, U S. Pubhc Health Servzce PubhcatzonNo. 1645 (1967) 
4 G. M. SAMMAY and W. W. NAWAR, Gem. di Znd. %I,1279 (1968) 
5 K JEAN SANFORD, M. S. The&, Unwersty of Ghfomm, Davis (1%9). 
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FIG. 1. A CM? c~i~OhiA’~wm~ra OF A PRNTANE-RTHRR NuTMwJxTRAcr(2oopl) THEcHRoMATcN3SUM 
WAS OBTAINRO USING A 762 x 0.64 cm STAINLESS STRRL COLUMN CONTAINRW 1% 0v-17 LIQUID 

PHASE ON CHROMOSORR G SOLID SUPPORT 

Peak No. m Fig. 1 

TABLE 1. VOLATILE co- OF NUTMBO 

Name of compound Ewdence for Others reportmg, Refs. 

la 
lb 
2 
3a 
3b 
4 

z: 

! 
8 
9 

10 
lla 
Ilb 
12 
13 
15 
16a 
16b 
18 
19a 
19b 
22.a 
22b 
24 
25 
26 
30 
33 
36 
37 
38 
39 
42 

ii 

a-Pmene ir 
a-ThuJene i r. 
Camphene r t. 
Sabmene 1 r. 
/Wmene ir 
My=ne lr 
A%arene 1 r. 
1,5-p-Menthatie (a-Phellandrene) rt 
1,3-p-Menthadlene (acTerpmene) ir.,uv 
1,8-p-Menthadiene @momme) I r. 
1(7X2-p-Menthahene (fi-Phellandrene) ir,uv. 
p-Cymene ir 
1,4-p-Menthadlene lr 
1,4(8)-p-Menthahene (Terpmolene) rt 
truer-Sabmene hydrate ir,rt 
Lmalool rt 
c&iabmene hydrate ir,rt 
8-p-Me&en-l-o1 (,%Terpmeol) rt 
l-p-Menthen- (I-Terpmeol-4) ir 
Borneo1 rt 
l-p-Men&n-S-o1 (a-Terpmeol) i r. 
Qtronellol rt 
Lmalyl acetate rt 
Bomyl acetate rt 
Geramol rt 
Geranyl acetate rt 
Safrole ir 
&Caryophyllene rt 
Eugenol ir 
Methyleugenol i r , U.V. 
truwIsoeugeno1 ir 
trawMethyhsoeugeno1 ir,uv 
Mynstlcm Ir,uv 
Elemxm ir,uv 
Methoxyeugenol ir,uv. 
tran.&oelenucm ir,uv 

195 3,4 
None 
1,3,4 
3 
192, 3.4 
4 
None 
4 
4 
1,2,3 
None 
394 
3 
394 
None 
1, 2, 3,4 
None 
4 
1, 3, 4 
1 
1, 3,4 
4 
2 
2 
1.4 
3 
1, 2, 3. 4 
4 
1, 3 
394 
1, 3 
3 
1.2, 3.4 
3 
3 
3, 4 

Myrwc acid lr 1, 3 
I r. = Infrared spectra; r t = retention data (enrxknent techmque) , u v = ultrawolet spectra. 
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T-2. VARWWITY AMobn3 voL4TlU co MPoaTIoNs OF SIX WHOLE Nunaa?>pEAKHEIGHlsAREExPRE!ssED 
AS PERCENTAGES OF TOTAL. HEIGHT FOR EACH CHROMATOGRAM 

Peak No. m Fig. 1 
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0.7 

8.27 
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* Dash indcatea a peak height value of 0 00+04%. F’eak he@& were used Hnthout cation factors 
to esbmate the compas&on. 

t Nutmeg A was smooth and hght broWn with no dark flecks. Nutmeg B was small, wrmkled, and hght 
brown. Nutmeg C was medium sued, wrmkled, and m&mm brown with dark brown flecks. Nutmeg D 
was small and wrinkled, wth dark brown r&es. Nutmeg E was large, smooth, and hght brown. Nutmeg F 
was long, medmm smooth, and l&t brown with shght dark brown &cks. 
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14.6 % m nutmeg B. Peak 44 (myrWc acid) was 10.9 % in nutmeg A, 1.2 % m nutmeg B, 
but missmg m the other nutmegs tested. In duphcate analyses illustratmg the reproduc- 
iblllty of the extraction, chromatographic, and calculation procedures, peak height percent- 
ages m 75 % of the cases varied only from 0.0 to 0.2 %. In the remaining cases, the largest 
deviation was 1.4%. Thus the extreme variability among individual nutmegs could not be 
attributed to lack of reproduabihty m procedures. 

There appeared to be no correlation between the external appearance of a partrcular 
nutmeg and its volatile cornpositron. For example, although nutmegs A and E had similar 
external characteristics (Table 2), then volatile compositions were strikingly different. In 
contrast, nutmegs D and E had smnlar volatile compositions but very different external 
morphology. There are numberous possible reasons for variability among whole nutmegs, 
such as differences m cultivation practices, maturity at harvest, pre-shlppmg storage 
condmons, and genetic mutations. There is a need for further work m this area. 

All six nutmegs used m studying variability were taken from one canister of Indonesian 
nutmegs supphed by Spice Islands of Leslie Foods, Inc. Thus the vanabihty observed was 
even more stnkmg when compared to that reported by Shulgm et al3 in their study of 
geographical variations. Variability of selected volatlles m m&vidual whole nutmegs from 
one source was about three to five times greater than variability reported to occur in nutmeg 
samples from different geographical regions.3 

Because of variability among individual nutmegs, studies concemmg changes m the 
volatile constituents durmg storage could not be accomplished using extracts of mdividual 
nutmegs. Therefore, all storage studies were done with samples of 16 or more nutmegs, 
ground m a mortar, and mixed before stormg. 

Freshly ground nutmeg stored m open contamers up to 48 hr at 40” changed in its 
composition of volatile constituents (Table 3). The more volatile fractions, peaks l-10, 
decreased m percentages, while those of the lugher bolhng compounds increased. Peak 44 
(my&tic acid) increased from 1.9 to 22.8% of the total height of peaks l-44. Peak 33 
(methyleugenol) increased from 6.9 to 15.0 %, peak 38 (myrisucm) from 12.1 to 27-l %, and 
peak 39 (elemicm) from 7.2 to 15 5 % of the total height of peaks l-43. Durmg these same 
48 hr, peak 1 (a-pmene and a-thujene) decreased from 11.2 to 3*5x, peak 3 (p-pinene and 
sabmene) from 28.3 to 1 I.0 %, and peak 7 (1,8-p-menthedlene) from 5 0 to 1.1% of the total 
height of peaks l-43. 

When the whole nutmegs were ground in a mortar and stored at 37’4” for 11 months 
in closed containers, similar results were observed. By 4 months, peak 44 (mynstic acid) 
had become the largest peak (41.0% of peaks l-44); and peak 38 (myristlcm) was larger 
than peak 3 (sabinene and p-pmene), a reversal from the proportions m the control sample 
(freshly ground nutmeg). 

The commercially ground nutmeg stored m closed containers at 37’40” for up to 1 yr, 
also changed m volatde composition. The fact that mynstlc acid was already at 27.4% m 
the commercially ground sample when purchased indicated that the nutmeg had aged 
between the times of grmdmg and purchase. In both freshly ground and commercially 
ground samples, mynstlc acid had achieved slmllar percentages (47.2 and 49.7) after 8 
months storage. 

In general, all storage condmons resulted m losses of the more volatile fractions and 
consequent increases m the relative concentrations of the less volatile fractions. However, 
some other changes observed may have been the result of chemical degradation. The 
formation of free mynstic acid (peak 44) may have been due to hydrolysis of the esterlfied 
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TABLE 3. VOLATIU CXMPONENIS OF WHOLE NU7?dK3S OROUND IN A MORTAR AND SlORED lNOPRNJARSAT~” 

PeakNo.inFig. 1 OTime 2hr 4hr 7hr 24hr 48hr 
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0.4 
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0.6 
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0.4 
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81 
0.7 
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3.5 
- 
110 

i:‘: 

:: 

83 
21 
12 

:: 
0.1 
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8’: 
01 

73 
0.1 
08 

;:: 
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0.4 
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0.7 

1-l 
2.9 

27 1 
1s 5 

5:: 
07 

22.8 

l Values for peaks l-43 are percentages of the total he&t of peaks 143. The value for peak 44 IS the 
peak he&t per cent of the chromatogram total (l-44). The dash mdcati a peak height value of Odl& 
0.04 %. Peak heights were used Hnthout correction factors to estunate the composltion. 

acrd. Sammy and NawaP reported myristrc acrd to be 90.4% of the total fatty acrds of 
nutmeg, as determined by mter-esterrfkation followed by gas chromatographrc analysis. 

Free mynstrc acrd may be useful as an indrcator of aging m this spice. Analysis of a 
sample of commercrally ground nutmeg, obtained from a consumer who dated rt as approxi- 
mately 15 yr old, revealed only very small amounts of any lower borling compounds, whrle 
mynstrc acid increased to 80 % of the volatrles remaining. 
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EXPERIMENTAL 
Samples were chromatographed on a Varran Aerograph Model 202 gas chromatograph eqmpped wrth a 

thermal conductrvtty detector and a hnear temperature programmer A 762 x 0 64 cm 0 D stamless steel 
column havmg 1% OV-17 (w/w) as hquld phase and 70-80 mesh Chromosorb G (actd washed and DMCS 
treated) as sobd support was used When necessary for ldentticatron purposes, further purr6catron of samples 
collected from the OV-17 column was accomphshed by rechromatographmg each fractmn on a d&rent 
column [Carbowax 20M, SF96-50, or 1,2,3,-Trrs (2-cyanoethoxy) propane]. All analytical runs were 
chromatographed under the followmg condmons* lqlector temperature, 235”; detector temperature, 250”; 
carrier gas, helium at a flow rate of 50 ml/mm Operating procedure was as follows: tsothermal at 50” for 
6 mm after m@ron of sample, then hnearly programmed at 2”/mm to 250”, then rsothermal for the duratron 
of the run I r spectra were obtained as films between NaCl plates; u v spectra were obtamed m methanol. 

Storage of Nutmeg Samples 

SIX whole nutmegs stored at room temp were separately analysed to determme vanabmty among 
mdtvtdual seeds 

Srxteen whole nutmegs (Spice Islands of Leshe Foods, Inc.) were ground and mrxed m a mortar Portrons 
(3 g) were placed m each of 20 glass tubes havmg Teflon-lmed screw caps, and then were stored m an mcuba- 
tor at 37’40” Two tubes were transferred from the mcubator to -20” storage at zero tune, 8 days, and 
1.2.4.6.8. and 11 months. 
’ &&&cuxlly ground nutmeg was dmded mto 18 samples of 3 g each and stored at 37”-40” m glass 

tubes havmg Teflon-lmed screw caps Two tubes were transferred from the incubator to -20” storane at 8 
days and 1,2,4, 6, 8, and 12 months 

Srxteen whole nutmegs were ground and muted m a mortar. Fresh samples wetghmg 2 5 g each were 
placed m open ‘Vrrtts’ ears m the 37’4” mcubator. Samples were analysed at zero tune and at 2,4,7,24 
and48hr 

Extractron of Nutmeg Samples 

A 2.50 g sample of ground nutmeg and 0 50 g of nuchar attaclay (a solid adsorbant) were macerated for 
2 mm m a Vtrtrs blender wrth 10 ml pentamxther (1: 1, v/v) whde m a dry nx-ethanol bath. The resultant 
slurry was centrrfuged for 5 mm A 200 ~1 portron of the clear supematant hqurd was used for both analyttcal 
and preparattve gas chromatographx studtes. 

Calculatrons 

Peak height percentages, as described by Essentral Orl Assocratron of U S A.P were used to measure the 
relattve changes 111 the volatde constrtuents. Each peak on the chromatogram was compared wrth the 
rdentrcal peak on chromatograms of tierent samples whrch had been run under the same chromatographrc 
condrtrons However, peak heights were used to e&mate the percentage composition only as no correctton 
factors were used m the calculations. 

The I r spectra obtamed from the purttied constituents were compared wrth known or reported spectra 
for authenttcatton. The spectra reported by M&ner et al.7*8 mre used for comparrson for the monoterpene 
hydrocarbons and alcohols, wrth the exceptron of AQarene and tranr and cr.r-sabrene hydrate. The spectra 
of tram and crs-sabmene hydrate were compared to authentic samples supphed by Russell and Jemnmss e 
Mynstrc acid and A3-carene we-m substantrated by comparmg then spectra with the spectra of samples 
purchased from Aldrich Chenucal Company. Identrficatmn of the aromatic compounds was based upon 
comparison of then r.r spectra wrth those of authentic samples supphed from the work of Shulgm et aL3 

6 ANONYMOUS, J. Gas Chromatog. 3,102 (1965). 
’ B. M MIT=, E. T. Trmniaa and S. K. PRHBMAN, App. Spectrosc. 19, 169 (1%5). 
a B. M Mrrzmra, V. J. MANCPII, S. LEMesRo and E. T. m App Spectrosc. 22,34 (1968). 
e G F. Russrx~ and W. G JENNINGS, J Agn Food Chem 18,733 (1970) 


