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Volatile Components of Pecan Leaves and Nuts, Carya illinoensis Koch 

Naresh V. Mody, Paul A. Hedin,’ and William W. Neel 

The volatile constituents of leaves and immature pecan nuts (including the shucks), Carya illinoensis 
Koch (Juglandaceae), were analyzed by GLC-MS and found to contain 38 compounds including 7 
monoterpene hydrocarbons, 7 sesquiterpene hydrocarbons, 11 terpene alcohols, 1 terpene aldehyde, 1 
terpene ketone, and 11 other aldehydes, ketones, alcohols, and esters. These studies were initiated to 
identify those constituents that could conceivably attract the pecan weevil, Curculio caryae Horn, to 
the leaves and nuts, their primary food source. The constituents could also be precursors of the pecan 
weevil sex pheromone. 

Pecans, Carya illinoensis Koch (Juglandaceae), are 
commercially grown in a “Belt” across the southern United 
States that includes North Carolina, South Carolina, 
Georgia, Florida, Alabama, Mississippi, Louisiana, Ar- 
kansas, Oklahoma, Texas, New Mexico, and Arizona The 
pecan trees are attacked by several insects including the 
pecan weevil, Curculio caryae Horn. Indeed, in one central 
Mississippi orchard (Neel, 1970), 30-40% of the pecans 
were infested. Likewise, the average weevil population per 
tree in an Oklahoma orchard in 1968 and 1969 was esti- 
mated to be 1962 and 6130, respectively (Raney et  al., 
1970). 

The work reported herein was a survey of the volatile 
components from pecan leaves and nuts made in antici- 
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pation of a further effort to determine any role in plant 
attraction and nutrition of the pecan weevil. The pre- 
liminary work on the pecan weevil sex attractant was 
reported recently by Mody et al. (1973). 

A search of the literature revealed that mature pecan 
leaves and nuts have been analyzed for various constituents 
and properties including sterols and choline, carbohy- 
drates, fatty acids in the oil, trace elements, growth reg- 
ulators, amino acids and proteins, minerals, and vitamins. 
However, the only study of volatile constituents was made 
with roasted pecans by Wang and Ode11 (1972). They 
found 19 carbonyl compounds, pyridine, 8 pyrazines, 7 
acids, 5 alcohols, and 1 lactone. The presence of most of 
these components is due to roasting, because except for 
2-furfuraldehyde they are not found in unroasted pecans. 
EXPERIMENTAL SECTION 

Preparation of Essential Oil. Fresh, mature pecan 
leaves of the cultivar Stuart were gathered in July. Green 
nuts with shucks (involucre) and shells that had not 
hardened and with kernels that were in the water stage 
were gathered in August. Both the leaves and the nuts 
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Table I. Volatile Compounds in Pecan Leaves and Nuts 
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2-Furaldehydec 
C6HIOO 
C,HM 
(E)-3-Hexen-1-olC 
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pl-Bisabolene 
a-Cu bebene 
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C,,H,O alcohol 
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a Kovats indices (1961). Five most abundant ion values are inferred. Compared with an authentic sample. 

were gathered from an orchard near Columbus, Miss. All 
samples were stored at -1OOC until the tissue was chopped, 
ground, and steam distilled for isolation of the essential 
oil. The distillate was extracted with redistilled CH2Ch. 
The CH2C12 was dried with anhydrous NazS04, and the 
solvent was removed in vacuo at  35OC to give an essential 
oil. 

Column Chromatography. To obtain fractions that 
could be more conveniently analyzed by GLC-MS, the 
essential oil was chromatographed on a 2 X 25 cm jacketed 
Florid column that was cooled with ice to prevent column 
cracking. The column was eluted with 200-ml portions of 
pentane, 10% Et20 in pentane, 25% Et20 in pentane, and 
100% FCt2O. Progress of the elution and recombination 
of all fractions into four reconstructed fractions were 
monitored by TLC. The developed TLC plate was vis- 
ualized by spraying with 3% vanillin in 0.5% concentrated 
HzS04 in MeOH and then heated to 100°C. 

Analytical GLC-MS. The four fractions obtained by 
preparative TLC as described above were introduced 
separately into a Hewlett Packard 5930 Quadrupole mass 
spectrometer interfaced with a 250 f t  X 0.03 in. stainless 
steel capillary gas chromatographic column coated with 
OV-17. Carrier gas flow was 8.0 ml/min of He. The GLC 
unit was programmed from 80 to 180°C at 2OC/min. The 
final temperature was maintained for 20 min. Mass 
spectra were obtained at 70 eV. Fragment ion values were 
compared with those of Stenhagen et al. (1969), von Sydow 
(1963,1964), andHirose (1967). GLC retention times are 
presented as Kovats indices (zk) (1961). Comparisons were 
made with authentic samples when available. 

RESULTS AND DISCUSSION 
Structures for 31 components and elemental formulas 

for 7 others were proposed as present in leaves and/or nuts 
(Table I). Nuts contained 7 monoterpene hydrocarbons, 
but leaves contained only limonene. Leaves contained at  
least 9 oxygenated monoterpenoids; nuts contained only 
4. Leaves contained 2-furaldehyde, (E)-  and (2)-3- 
hexen-1-01, benzaldehyde, benzyl alcohol, acetophenone, 
phenylacetaldehyde, and both methyl and ethyl salicylate, 
but none of these were found in nuts. Both the leaves and 
nuts contained 7 sesquiterpene hydrocarbons and 3 ses- 
quiterpene alcohols. Because the relative concentrations 
of the constituents varied widely between samples, the 
percentage contents of each are not included. However, 
the terpenoids accounted for approximately 75% of the 
total oil that could be analyzed by GLC, and no individual 
component comprised more than 10%. Of all the con- 
stituents found in green leaves and nuts, only 2-fur- 
aldehyde was also found in roasted pecans (Wang and 
Odell, 1972). Since roasting would not be expected to 
remove all the terpenoids by volatilization or degrade them 
by temperature effects, the terpenoids must be present 
chiefly in the green shucks and shells. By comparison, 
roasted pecans contained mostly pyrazines and carbonyl 
compounds. 

Since nearly all sex pheromones identified in insects of 
the order Coleoptera, which includes the pecan weevil, are 
terpenes, it is interesting that the food sources of pecan 
weevil larvae and adults do contain terpenoids. However, 
there is not specific information as yet that has been 
gathered from studies with other Coleoptera that a closely 
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related precursor is utilized for pheromone biosynthesis. 
In fact, studies of the male boll weevil, Anthononus 
grandis Boheman, show that 14C is readily incorporated 
into all four of the pheromones from common metabolic 
precursors such as mevalonate, glucose, and acetate (Mitlin 
and Hedin, 1974). Nevertheless, pecan weevils may either 
require terpenoids or be attracted to them. 
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Pyrolysis of Chitin, a Potential Tobacco Extender 

William S. Schlotzhauer, Orestes T. Chortyk,’ and Paul R. Austin1 

Chitin and tobacco were pyrolyzed separately and in admixture under identical conditions. The py- 
rolyzates were fractionated and analyzed for neutrals, bases, phenols, and carboxylic acids. Except for 
acidic products, chitin produces much smaller quantities of pyrolytic products than tobacco and in 
different ratios. Chitosan was also pyrolyzed to determine the effect of deacetylation on the carboxylic 
acid profile of the chitin pyrolyzate. It was concluded that both chitin and chitosan could become suitable 
tobacco extenders. 

Current increases in tobacco leaf prices coupled with the 
smoking and health controversy have led numerous in- 
vestigators and tobacco companies in search of tobacco 
extenders or “synthetic tobaccos”. These extenders are 
to be mixed into cigarettes, replacing some tobacco and 
reducing the harmful tar and nicotine contents. Diffi- 
culties encountered in developing acceptable modified 
smoking materials have included unsatisfactory rate and 
continuity of burn, smoke temperature, ash retention, and 
more subtle problems of aroma, flavor, and biological 
response. Natural cellulose or modified cellulose products 
have been of recent interest as tobacco fillers or substitutes, 
accounting for 1040% of cigarette composition (“Tobacco 
Situation”, 1973; Tab.-J. Int., 1974; World Tob., 1974; Tab. 
Reporter, 1975). In addition to the substitute materials 
currently in use, two natural carbohydrate polymers, chitin 
and chitosan, are also of interest as potential tobacco 
extenders (“Pacific Northwest Sea”, 1973; Pariser and 
Bock, 1972). 

Chitin, a mucopolysaccharide, poly(N-acetyl-D-glucos- 
amine) [ ( C ~ H I ~ O ~ N ) ~ ] ,  occurs widely in nature, for ex- 
ample, in the cell walls of fungi and shells of insects and 
crustaceans. Chitin is recovered from “crab meal” after 
alternate hydrolyses with mild alkali and acid which re- 
move proteineous and calcereous constituents. Chitosan 
(2-deoxy-2-aminoglucose polymer), a deacetylated chitin, 
is normally prepared by strong alkaline hydrolysis of chitin. 

Tobacco Laboratory, Agricultural Research Service, US. 

1Present address: College of Marine Studies, University 
Department of Agriculture, Athens, Georgia 30604. 

of Delaware, Newark, Delaware. 

The product is then subsequently neutralized and isolated 
(“Pacific Northwest Sea”, 1973; Tracey, 1957). Deacet- 
ylated chitin has been utilized as an adhesive for tobacco 
particles in reconstituted tobacco sheet formulation 
(Moshy and Germino, 1966). A low tar yield in smoke of 
chitin led to its trial as a tobacco extender (Austin, 1975) 
and prompted this study of chitin pyrolysis. 

In the initial trials, it was determined that chitin and 
chitman could be added in substantial amounts to tobacco 
blends without altering significantly such physical 
properties as packing ability, burning rate, and ash re- 
tention, or grossly affecting organoleptic attributes such 
as aroma, taste, or mildness. Since identification of the 
major pyrolytic products of chitin would provide additional 
evaluation of this material as a tobacco extender, chitin 
and tobacco were pyrolyzed separately and in admixture 
under identical conditions; the pyrolyzates were analyzed 
for gas-liquid chromatographically volatile, ether-soluble 
neutrals, bases, phenols, and carboxylic acids. Chitosan 
was also pyrolyzed to determine the effect of deacetylation 
on the carboxylic acid profile of the chitin pyrolyzate. 
EXPERIMENTAL SECTION 

Preparation of Materials for Analysis. Chitin and 
chitman, obtained from the Food, Chemical, and Research 
Laboratories (Seattle, Wash.), were used without further 
chemical purification. The tobacco was North Carolina, 
flue-cured, whole leaf (provided by the Tobacco Research 
Laboratory, Agricultural Research Service, USDA, Oxford, 
N.C.). It was ground to 32 mesh in a ball mill to promote 
homogeneity upon admixture with chitin. Prior to py- 
rolysis, all samples were equilibrated over 76% glycerol 
in water for 48 hr to standardize moisture at 12.0% in 
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