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Effect of Gibberellic Acid and 2-(3,4-Dichlorophenoxy)triethylamine on
Nootkatone in Grapefruit Peel Oil and Total Peel Oil Content

Charles W. Wilson IIL* Philip E. Shaw,”! Roy E. McDonald,* Patrick D. Greany,’ and
Henry Yokoyama+

U.S. Citrus & Subtropical Products Laboratory, South Atlantic Area, U.S. Department of
Agriculture—Agricultural Research Service, P.0. Box 1909, Winter Haven, Florida 33883-1909, U.S.
Horticultural Research Laboratory, 2120 Camden Road, Orlando, Florida 32803, U.S. Insect Attractants,
Behavior & Basic Biology Laboratory, P.O. Box 14565, Gainesville, Florida 32604, and Fruit and Vegetable
Chemistry Laboratory, 263 South Chester Avenue, Pasadena, California 91106

The nootkatone content in grapefruit peel oil extracted from flavedo and the peel oil content of fruit
receiving preharvest treatment with 20 or 50 ppm gibberellic acid (GA) and/or 50, 125, or 250 ppm
2-(3,4-dichlorophenoxy)triethylamine (DCPTA) were determined. Treatment by GA reduced the rate
of increase in nootkatone concentration observed in control fruit with maturation, and the effect was
dose-dependent. When DCPTA was used alone as the growth regulator, nootkatone content increased
significantly. When 50 ppm GA followed DCPTA treatment at the three levels used above, the effect
of GA predominated and nootkatone content was significantly lower than that found in untreated
fruit. Treatment by GA generally increased peel oil concentration.

Traditionally, to export grapefruit from Florida to loca-
tions such as Japan with a quarantine against fruit flies,
it has been necessary to subject fruit to fumigation or to
adverse physical conditions to kill any Caribbean fruit
fly eggs or larvae present. Treatment of grapefruit with
the growth regulator gibberellic acid (GA) to sustain resis-
tance to Caribbean fruit flies until late in the season might
make it possible to ship GA-treated fruit early in the sea-
son (when fruit demand and price are high) without post-
harvest disinfection treatments. This is the period when
the fruit is most susceptible to peel damage from the cold
storage treatment currently used to kill any fruit fly eggs
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or larvae present (Ismail et al., 1986). Use of GA or other
growth regulators could affect the content or composi-
tion of grapefruit peel oil, e.g., the nootkatone content,
and thereby influence the infestation of the fruit by Car-
ibbean fruit fly larvae (Greany et al., 1983).

Coggins and co-workers (1969) attempted to establish
a maturity or senescence index for California navel oranges
and to determine the effect of GA treatment on fruit senes-
cence (Lewis et al., 1967). They steam-distilled the essen-
tial oil of GA-treated vs untreated fruit and analyzed vol-
atile flavor components by gas chromatography (GC). The
concentration of many of the oil components was not
affected by GA treatment, but octanol, linalool, and gera-
nial levels increased, while valencene content decreased
after GA treatment. Since changes in valencene concen-
tration were concomitant with biochemical and physio-
logical changes associated with senescence, it was thought
possible to use valencene content as an indicator of the
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maturity of oranges (Coggins et al., 1969).

Those studies were of interest to us as we are attempt-
ing to develop indicators of grapefruit senescence for stud-
ies on susceptibility of grapefruit to attack by the Car-
ibbean fruit fly, Anastrepha suspensa. Susceptibility of
citrus fruit to attack by fruit flies and plant pathogens
increases with senescence (Greany et al., 1983, 1985, 1987;
Coggins and Hield, 1962; Coggins, 1973; McDonald et al.,
1987), and we would like to quantify susceptibility in rela-
tion to senescence indicators. Such indicators also would
be helpful in our studies on use of bioregulators to delay
senescence of citrus fruit and thereby extend the period
of innate resistance of the fruit to fruit fly attack (McDon-
ald et al., 1988). We have already found that some of
the senescence-related changes that normally occur in
the peel can be delayed by preharvest application of GA
prior to color break (McDonald et al., 1987) but have
not yet related GA treatment to the composition of grape-
fruit peel oil.

Some changes that occur in senescent citrus fruit include
rind softening, decreases in chlorophyll, accumulation of
carotenoid pigments, and changes in essential oil compo-
sition (Coggins et al., 1969; McDonald et al., 1987). Resis-
tance of citrus fruit to fruit fly eggs and larvae is due in
part to the toxicity of peel oil components and the dura-
tion of exposure of larvae to the peel oil (Greany et al.,
1983; Styer and Greany, 1983; Calkins and Webb, 1988).

Because changes in peel oil composition might be respon-
sible for, or could be useful indicators of, the effective-
ness of GA treatment in retarding attack by the Carib-
bean fruit fly, we analyzed the volatile flavor compo-
nents of grapefruit oil from fruit treated with GA and
the bioregulator 2-(3,4-dichlorophenoxy)triethylamine
(DCPTA). Analogues of triethylamine are known to affect
the biosynthesis of terpenoid compounds in plant tis-
sues and microorganisms (Yokoyama et al., 1986). These
bioregulators have been shown to increase carotenoid accu-
mulation in several citrus cultivars (Yokoyama et al., 1977).
Lemons treated with DCPTA showed an increase in total
aldehydes with major increases in geranial and neral. In
addition, the terpene alcohols geraniol and nerol also
increased (Yokoyama et al., 1986). Lemon oil quality is
associated with total aldehydes, and citral, a mixture of
geranial and neral, is considered important to the char-
acteristic lemon aroma.

In addition to analyzing the volatile flavor compo-
nents of grapefruit oil as possible senescence indicators
and in relation to GA and DCPTA treatment, we also
determined the effect of these bioregulators on changes
in total peel oil content because of concern that total oil
content might be important in determining fruit suscep-
tibility to fruit flies.

MATERIALS AND METHODS

Sixteen Marsh grapefruit trees on rough lemon rootstock
received eight treatments replicated two times each. Applica-
tion of GA to grapefruit trees has been described previously
(Greany et al., 1987; McDonald et al., 1987). For the 1986-1987
season, trees were treated with DCPTA, DCPTA + GA, and
GA. The DCPTA, at levels of 50, 125, and 250 ppm, was applied
in April 1986, right after fruit set when the green fruit were
about 0.5-0.6 cm in diameter. The GA, at 50 ppm, was applied
to both DCPTA-pretreated and untreated trees in Sept 1986,
just before the fruit reached color break. For the 1987-1988
season, trees were treated as above with 20 and 50 ppm GA
only. The bioregulators, along with 0.1% of the surfactant Tri-
ton X-100, were applied to the trees until runoff (ca. 25 L/
tree).

Sample Preparation. Peel o0il determinations were made
on duplicate, weighed, eight-fruit composite samples for each
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Table I. Nootkatone Content® in Peel Oil from Grapefruit
Treated with GA and DCPTA (1986-1987 Season)

GC area, %
harvest GA,ppm  GA® + DCPTA, ppm DCPTA, ppm
date 0 50¢ 502 125¢ 250 50° 125° 250°

01-28-87 0.20 0.16 0.09 007 0.07 024 029 024
02-24-87 047 014 025 034 016 044 063 057
03-23-87 066 0.15 065 061 027 076 144 0.80
04-30-87 0.86 052 063 045 054 139 1.07 1.12

3 Determined as GC area percent. ® Trees treated with 50 ppm
GA subsequent to application of DCPTA. ¢ Seasonal trends are sig-
nificantly different from control sample at a confidence level of
99.9%. ¢ Seasonal trends are significantly different from control sam-
ple at a confidence level of 99%. € Seasonal trends are significantly
different from control sample at a confidence level of 95%.

Table II. Changes in Nootkatone Content*® in Peel Oil
from Grapefruit Treated with GA (1987-1988 Season)

GC area (%) at GA, ppm

harvest date 0 200° 50°
12-10-87 0.10 0.01 0.00
01-11-88 0.24 0.06 0.06
01-20-88 0.35 0.15 0.15
02-04-88 0.52 0.17 0.16
02-18-88 0.70 0.32 0.29
03-03-88 0.88 0.35 0.37
03-17-88 0.82 0.48 0.32
04-08-88 1.10 0.92 0.74
04-21-88 1.23 0.70 0.48

@ Determined as GC area percent. ® Seasonal trends are signifi-
cantly different from control sample at a confidence level of 99.9%.
¢ Seasonal trends are significantly different from 50 ppm GA sam-
ple (1987-1988 season) at a confidence level of 95%.

of the four replicates for each treatment (McDonald et al., 1987).
Flavedo from duplicate eight-fruit samples was removed with
a peel shaver. The combined flavedo from eight fruit (about
200 g of flavedo/2000 g of fruit) was blended for 30-60 s in an
explosion-proof blender with 350 mL of HPLC grade hexane.
The mixture was allowed to stand for 20 min and filtered through
a coarse sintered-glass funnel. The flavedo was stirred with 2
X 250 mL of hexane and refiltered, and the combined extracts
were dried over sodium sulfate. The dried extract was concen-
trated under reduced pressure at 45 °C, transferred to a small-
volume flask, and left on the rotary evaporator at 55 °C under
reduced pressure until the residual oil reached a constant weight
(10-20 min). Samples were weighed to determine peel oil con-
tent in the fruit and stored in screw-cap vials (ca. 10 mL) under
nitrogen at 25 °C until use.

Chromatographic Methods. Oils were analyzed in dupli-
cate on a Hewlett-Packard Model 5840 or Model 5890 GC
equipped with a flame ionization detector and a glass-lined cap-
illary inlet. Volatile flavor components were separated on a
bonded-phase DB-5 fused silica capillary column, 60 m X 0.32
mm, with a 1-um film thickness (J&W Scientific, Folsom, CA).
The He flow (U) was 35 cm/s at 40 °C. The capillary inlet and
flame detector temperatures were 250 and 350 °C, respectively.
The capillary inlet was operated in the split mode, and the 0.2-
uL sample injected was split 50/1. The oven temperature was
held at 40 °C for 0.5 min, raised to 60 °C at 20 °C/min, then
programmed at 4 °C/min to 225 °C, and held at 225 °C for 15
min.

Statistical Analyses. A regression line statistical program
for comparing two or more regression lines (Lee and Lee, 1982)
was used to determine differences in nootkatone content dur-

ing the mature growing season in samples reported in Tables
I-I11.

RESULTS AND DISCUSSION

Grapefruit peel oil from fruit treated with GA and
DCPTA was analyzed by GC for quantitative or qualita-
tive changes in volatile flavor constituents. The only per-
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Table III. Peel Oil Content in Grapefruit Treated with GA
(1987-1988 Season)

% oil in whole fruit at GA, ppm

harvest date 0 20¢ 50°

12-10-87 0.158 0.158 0.164
01-11-88 0.129 0.170 0.187
01-20-88 0.130 0.149 0.172
02-04-88 0.134 0.157 0.155
02-18-88 0.121 0.150 0.149
03-03-88 0.123 0.175 0.134
03-17-88 0.112 0.164 0.162
04-08-88 0.150 0.129 0.111
04-21-88 0.117 0.140 0.177

@ Significantly different from control at the 99.9% confidence
level.

ceptible change among the volatile flavor constituents
was in the nootkatone content. Nootkatone is a bicyclic
sesquiterpene ketone present in grapefruit peel oil and
juice; it has a typical grapefruit aroma and exhibits a
low odor threshold (MacLeod and Buigues, 1964; MacLeod,
1965; Berry et al., 1967). It is an important contributor
in synthetic grapefruit flavors, and its importance to grape-
fruit flavor has been assessed (Furia and Bellanca, 1975;
Shaw and Wilson, 1981). Nootkatone is probably formed
in vivo from valencene through 2-hydroxyvalencene (noot-
katol), since several cell suspension cultures from citrus
were able to convert valencene to nootkatone (Drawert
et al., 1984).

Nootkatone variations in GA- and DCPTA-treated fruit
for the 1986-1987 growing season are shown in Table I
and in the GA-treated fruit for the 1987-1988 season are
shown in Table II. Treatments with DCPTA were not
used for the 1987-1988 growing season because fruit treated
with this agent showed no difference in total peel oil con-
tent, as compared to control fruit. Early-season fruit is
relatively low in nootkatone with values of 0.02-0.065%
reported for oils from grapefruit harvested in November
(Kesterson et al., 1971; Wilson and Shaw, 1980). Dur-
ing the 1986-1987 growing season no measurable amounts
of nootkatone were present through December. How-
ever, for the 1987-1988 season 0.10% nootkatone was
detected by mid-December.

Nootkatone values for control fruit (0 ppm, Tables I
and II) increased from 0.20 to 0.86% from January to
April during the 1986-1987 season and from 0.24 to 1.23%
during the 1987-1988 season. Late-season oils usually
contain the highest nootkatone levels (0.75-0.81%) (Wil-
son and Shaw, 1980). Nootkatone levels were higher in
oils from control fruit for the 1987-1988 season, com-
pared to the control fruit from the same trees for the
19861987 season, probably because of seasonal varia-
tion. Grapefruit treated with GA had significantly less
nootkatone than control fruit (Tables I and II), and there
was a significant difference (95% confidence level) in noot-
katone values between 20 and 50 ppm GA treatments
(Table II) when regression lines for data from Dec 10
through April 21 were compared.

Nootkatone values from fruit treated first with 50, 125,
or 250 ppm DCPTA and then 50 ppm GA showed results
similar to those shown for GA treated fruit, in that all
samples were significantly lower in nootkatone content
than were control fruit (Table I). There was no signifi-
cant difference in nootkatone content among treatments
involving GA and DCPTA combinations.

Changes in nootkatone levels in fruit treated only with
DCPTA were different from those of fruit treated with
GA or GA-DCPTA combinations (Table I). Nootka-
tone levels increased at a faster rate during the season
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with all DCPTA treatments than did control samples.
There was no significant difference in the nootkatone con-
tent among fruit treated at the different levels of this
compound (50, 125, 250 ppm).

Increases in nootkatone content in grapefruit oil with
maturity parallel those reported in navel orange for valen-
cene by Coggins et al. (1969). In addition, the decreased
nootkatone content in grapefruit treated with GA was
similar to decreases in octanol, linalool, and geranial
reported for GA-treated California navel oranges by those
workers. They reported increased valencene in GA-
treated fruit as well. In our study, valencene did not
seem to be affected by GA treatment, but the small amount
present in grapefruit oil made quantitation of this com-
ponent difficult. Quantitative changes in nootkatone are
probably due to enzyme inhibition in the farnesyl pyro-
phosphate pathway for sesquiterpene biosynthesis, since
growth regulators similar to DCPTA have been shown
to affect this biosynthetic pathway for terpene synthesis
(Sponsel, 1987).

Bioregulators such as DCPTA have a generalized effect
on plants depending on their genetic constitution
(Yokoyama et al., 1986). In the guayule plant, DCPTA
increases activity of enzymes in the biosynthetic path-
way for terpenoids. Enzymes such as isopentyl pyrophos-
phate synthetase and farnesyl pyrophosphate syn-
thetase are affected (Benedict et al., 1983). The increase
of nootkatone in grapefruit oil could be due to an increase
in these and other enzymes.

Since polyisoprenoid hydrocarbon content in plants is
sometimes affected by growth regulators (Yokoyama et
al., 1984), we measured the effect of GA and DCPTA on
total peel oil content in these samples. The peel oil con-
tents for untreated grapefruit and fruit treated with GA
for the 1987-1988 season are listed in Table III. Using
statistical comparison of regression lines, we found sig-
nificant differences between the control fruit and fruit
treated with either 20 or 50 ppm GA (increased peel oil
content with GA usage). However, for the 1986-1987 sea-
son, neither GA nor DCPTA nor combinations of the two
caused significant changes in peel oil content in the grape-
fruit (data not shown).

In summary, decreased amounts of nootkatone were
found in oils from grapefruit subjected to preharvest treat-
ments with GA and with GA combined with DCPTA. In
contrast, use of DCPTA alone at three different levels
resulted in increased levels of nootkatone in the fruit.
This latter finding could lead to improved grapefruit oil
quality, since a high nootkatone level is desirable. The
relationship of nootkatone content in grapefruit peel oil
to susceptibility toward infestation by the Caribbean fruit
fly has not been determined. However, naturally occur-
ring oxygenated compounds, some of which are present
in grapefruit peel oil, have been found to be toxic to Car-
ibbean fruit fly larvae (Davis et al., 1976; Styer and Gre-
any, 1983). Thus, any change in peel oil level or nootka-
tone content might affect survival of the larvae in grape-
fruit.
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