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Ultra-Tech Citrus Concentrates—a
New Series of Deterpenified Citrus
Oils

A. Fleisher, G. Biza, N. Secord and J. Dono, Fritzsche Dodge tk Olcdt,
New York, New York

A,series of citrus oih-cmange, distilIed lime,
emon, grapefruit and tangerine-were de-

terpenifled by a cold process utilizing a pmprie-

% pmductiOn sc~e wmplast extraction tech-
nique. The oils obtained are practically free of
mono- and sesquiterpene hydrocarbons while
the composition of the oxygenated components
remains newly intact. This includes the low and
high boiling oxygenated constituents of citrus
oils which are usually lost during conventiomd
deterpenification by fiactiomd distillation. Being
substantisfly more soluble in alcohol-water solu-
tions, the new deterpenified oils also possess a
noticeably higher stability under accelerated
aging conditions in finished beverages. The de-
tailed chemical composition of these oils is com-
pared to a number of commercial terpeneless cit-
rns oi~ prepared by conventional methods.

It is commonly agreed that the hydrocarbons
naturally found in all essential oils contribute
very little to the overall odor and flavor profile of
the essential oil. Moreover, years of worldwide
flavor and fragrance experience and research
leaves no doubt that the presence of substantial
quantities of hydrocarbons in the essential oil
create very serious problems for the users of
these products. The flavor intensity of hydroca-
rbon rich oils is generally Iow and these oils are
poorly soluble in alcohol-water systems. Their

Table 1.Tha Chemical Composition of Orange
Concentrate In Comperlamr with Commer’alal

Terpenele$s Orrmga Oile

~ ‘U1tr? -Tech” Jf_x

Octanal 4.8$

L1nwnene 0.8 3.ss 0.3%

Octanol 2.9 0.4 0.4

Nonanal 1.4 1.7 0.5

Linalool 27.9 22.7 9.9

citronella 2.6 3.0 2.1

.-Terp i “,0 1 3.4 3.0 4,0

Cwanal 11.5 16.0 20,0

citronel 101 1.4 0.9 1.3

6eranto1 1.6 2.0 2,7

N.,, 1 4.5 4.4 5.8

6eran1al 5.6 5.9 S.o

Pert 11a aldeiwde 0.s 0.5 1,0

Undecanal 0.9 1.0 1,6

Dodecmal 2.0 2.9 4.2

Total major Sesq.iterpenes - 11.1 22,0

E1euml 0.6 0.s 0.6

0-Sinensal 1.3 1.1 0.5

a-3inensa1 0.8 1.0 0,3

Nootkatone 1.4 0.3 0,2

Womrcial terpene less orange 011s
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major disadvautage, however, is the very high
susceptibility of the hydrocarbons to be oxidized
by air. ‘he combined eflkct of chemical reaction
following the hydrocarbon oxidation results in
the complete deterioration of the oils’ odiferuus
profiles. Obviously, these problems are most
serious in the case of citrus oils in which the hy-
drocarbons arc found in quantities rouging fmm
95-99%.

In 1937, van Dijck and Ruys proposing a
method of deterpenation wrote that “The prep-
aration of ci!ns and essential oils absolutely fice
km terpcnes and sesquite~nes presents many
difficulties to the manufacturer. In many cases
the terpeneless oils arc still obtained by a frac-
tional distillation process only. Nearly all the
oxygenated constituents are very sensitive to
heat and arc readily polymerised orrcsinifled first
during the distillation of the terpenes and sec-
ondly during the distillation of the higher boiling
parts of the oil, even if the distillation is carried
out in a high vacuum. Of course, the resinifica-
tion accompanied by decomposition, does very
serious harm to taste and odour of the oil thus
obtained, and by the same cause the yield of ter-
peneless oil is lowered.1

Twenty years later, in 1957, Ruys justifying the
liquid-liquid extraction pracess which he devel-
oped wrote that the “distillation of essential oils
to render them hydrocarbon-iiee is based on the
assumption that the hydrocarbons have a lower
boiling point than the oxygen compaunds, an as-
sumption which, because of its sweeping gener-
ality, must be regarded as completely ermmeous.

“First of CR tberc are a number of oxygenated
components, which play a vital rale in the odour
and have a lower or similar bailing point to the
terpenes; secondly there is the sesquiterpene
group, hydrocarEmns with fifteen carbon atoms,
the boiling point of which is actually in the same

~ge as that Of the oxygenated compounds with
ten carbon atoms.

“It is for these very reasons that a hydracar-
Lxm-free lavender oil, obtained by distillation,
can be scarcely said to possess a hcsh scent-une
might almost term it “dead due to the fact that
the vital ketones and secondary alcohols are
eliminated with the terpenes during the distilla-
tion process.

“The same also applies to a so-called ‘ter-
pcneless’ lemon oil produced in this way, which
loses a great deal of its volubility, as the sesqui-
terpene hydrocarbons are still p~sent in the oil
in their entirety.

“Another fact to which too little attention has
been drawn to date is that in the distillation of
pressed citrus oils the natural antioxidant re-
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Table Il. The Chemical Composition of Lemon
Concentrate in Comparlaon with Commercial
Terpeneleas Distilled Lemon 011s

QQQQ@ “U1tra-Tech O * x

)lethyl heptenone 0.1%

Octanal 0,5

P-Cymene 0.1% 0,1%

Limo”,”, 0.3 0.5

1,8-C1neole 0,1

rTercdnene 0.1 0.6

trans-sab{nene hydrate 1.4 0.1 trace

cis-Sabinw,e Ityd, ate 1.? 0.2 0.1

Nonanal 1,0 0,2 0.2

Linalool 2.9 1.3 0,5

Citronel lal 1.0 1,2 0,5

Bor”eol 0.3 0.2 0.1

Tem.inen-4-ol 0,7 0.5 0.5

p-Cyinen-8-ol 0.3 0.3 0,2

m-lerr, ineol 6,4 3.7 2.4

Oeca”al 0,5 0.6 0.5

Neral 21.0 19.2 13.0

Gera”{al 33, s 30.2 21,1

Gera”iol 1.6 1,1 1.1

U“decana 1 0.3 0.4 0.5

Methyl Wranate 0.3 0.2 0.1

Cttronellyl acetate 0.3 0.9 0.7

Neryl acetate 4.3 9,4 9.6

Ge.a”yl acetate 3.2 7,9 7.1

Caryophyllene 2.7 5.0

.vBergamotene 4,9 8.6

B-B1sabolene 5.4 12.8

a-Bisabolol 0,7 0,4 0.4

Nootkatone 0.2 0,1 trace

Dimethoxy co”martn 1.3 0,1 0.2

*Cmnwcial terpenel es* law” oils

main in the residue and are conseauentfy no
longer able to protect the susceptible-oil against
transmutations. It is a well-known &t, for in-
stance, that a distilled orange oil fmm which the
hydrocarbons have been wholly or partially elim-
inated msinifies extremely rapidly, while similar
phenomena characterize a distilled bergamot oil,
remdercd free of hydrocarbons, which has not a
very strongly pronounced odour of its own and
which turns completely sour on being allowed to
stand for a few weeks, following the decomposi-
tion of the linafyl acetate. This decomposition is,
in our opinion, initiated by oxidation.”z

Vol. 12, ApriUMciy 1987



Table 111.The Chemical Comptaeition of Distilled
Lime conaentrete in Comparison with

Commercial Tarpeneleee Dletilled Lima Oile

@QLg.!@ ‘Ultra-Tech” * x

1 ,4-C1neole 1.6X

1 ,E-cineole 2,4

L{ fnonene 0,3 0,4% 1,1X

p-cymene trace 0.2 0,1

vTerr4nene t,,,, 0.6 0.8

Terptnolene trace 1.9 1,2

p-cymenle trace 0.3 0.1

Li”alool 1.2 0.7 0.5

Fenchol 4.3 2,8 1.9

3-TerPi “,”-1 -01 6.4 4.9 3.3

tra”s-0-Terpi”eol 4,8 4,1 3.4

cis-B-Terpineol 1.4 1.3 0,6

80,”,01 4.5 4,1 1.2

TerPinen-4-ol 5,1 5,2 4.1

a-Terpineol 40,3 45,9 42,7

~-Teroi neol 7,4 6.9 6.8

Decanal 0.7 0.9 0.1

Ge?a”ial 0,6 0.4 0,6

Gera”{ol 0,4 0,1 0,3

Undecanal 0.1 0.1 0.2

Newl acetate 0.1 0.2 0.3

Ge..a”yl acetate 0,3 0.1 0,6

Cawophyllene 2.9 3.0

s-ner.wmotene 3.8 4.1

0-3isabo1ene trace 1.3 4,3

Cawwhyllenol 0,4 0,2

*commercial terpene less lime oils

Hydrocmlmn-fraa Esaantial Olla

Since the original report presented by van
D!jck and Ruys on counter-current liquid-liquid
extraction and the application of adsorption
chromatography proposed by Kirchner and Mil-
ler,s a great number of works published indicate
that very serious efforts were devoted to fiiding
an alternative method for the preparation of hy-
drocarbon-free essential oils, especially citrus
oils.

Nevertheless, most of the terpeneless citrus
oils marketed today are still prepared by classic
methods based on fractional distillation, the rea-
son being the complexity and high cost of eftl-
cient extraction equipment. This combined with
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Table W. The Chemical Composition of
Grapefruit Concentrate in Compariaorr with

Commercial Terpanelees Gmpefrult 011s

M!@Q@ ‘U1tra -Tech” Ql_ 1

Octanal 7,6X 0.2% -

Ltmc.nene 2.1 3.0 3.6%

y-Terpinene 0.2 0.2

Octa”ol 1.5 0,6 0.4

Nonanal 1,3 1.2 0,4

Linalool 2.5 3,1 1.3

c{tronel 1,1 1,4 2,3 0.7

Tevplnen-4-ol 0.5 trace 1.5

m-TerPineo1 1.9 2.1 2.9

Dec.ina 1 7.1 13.5 9.2

n-octyl acetate 0.3 1.4 1.6

N,,, I 1,6 1,9 2,5

Gera” ial 2,4 3.0 3,9

Geraniol 0.5 0.9 0.8

Perilla aldehyde 0.2 0,4 0.7

Undecanal 0.3 0,6 0.6

No,anal dim+thyl acetal 0.1 -

Citro”ellyl acetate 0.1 0.4 0.9

wTerPinyl acetate 0,1 0.3 0.6

Neryl acetate 0.1 0,3 1.8

Gera”yl acetate 0.5 1.5 3,1

Oecanal dimethyl acetal 0,7

Dodecanal 0.5 1,3 1,2

Unkncwn sesqui 0.7 4,4

.-COW, ”, 0.8 3.7

Cawxdwl lene 2.1 14.0

a+umulene 0.3 1.9

&-Cad {nene 0.8 5.2

FlemOl 0.7 1.4 1.1

Nootkatone 4.9 1,3 8.3

Bergaptene 1.5 1,2 -

1-6eran0xy c.umwine 9.9 13.2 -

unknown counwi m or
wralens total 32,4 6,9 -

.Conrnevc ial terpenel es, grapefruit oils
0029 H-3
Fletscher

high operational costs is reflected in high prices
of the deterpenified oils which make these
products cost prohibitive.

On the other hand, a growing market demand
for high soluble and stable citrus oils with em-
phasis on the fresh “juicy” top notes encouraged
the search for new and ef%ctive methods to re-
move the terpene hydrocarbons.

To a large extent, the difficulties associated
with the preparation of hydrocarbon-free citrus
oils were resolved by utilization of a propriety
cold process which involves combined extraction
and chmmatographic techniques, previously de-
veloped by Fleisher,
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The deterpenified oils obtained in good yield
by processing single fold citrus oils were named
Ultra-Tech Citrus Concentrates.* The chemical
compositions of orange, lemon, distilled lime,
grapefruit and tangerine concentrates determined
by GC-MS are presented on Table I-V along with
the chemical compositions of terpeneless oils
prepared by conventiorud methods. .

Fmm the data presented above it can be seen
that they are substantially enriched in both low
and high boiling oxygenated components in
comparison to the terpeneless citrus oils pro-
duced by conventional manufacturing methods.
In addition, the hydrocarbons, mostly sesquiter-
penes which are found in substantial concentra-
tions in the conventional terpeneless oils, were
not found in measurable quantities.

A series of tests were performed in order to
determine the relative stability of these concen-
trates versus the conventional c0mmerci2d ter-
peneless oils. The ef%ct of ulira-violet irradiation
was determined for lemon and distilIed lime.

‘Ultra-Tach Cflrus Concantratas is a Vada name ownad by Fib.
sche Dod@ & Olcolt

Table V. The Chemioel Composltlon of
Tangerine Concentrate

Octanal

Linmnene

Octan.1

trans-sabinene hydrate

cl s-sabi “ene hydrste

No”ana 1

Lt”a1001

Citronel 1.1

TerPi”en-4 -al

m-le rp i neo 1

Decana 1

Carv.ne

Citronellol

Gerani.1

Thymyl methyl ether

P@rilla aldehyde

Thymol

Undecanal

2,4-Cmc.sd {enal

Neryl acetate

6...”3’1 acetate

Dodecanal

a-sinensal

.

“Ultra-Tech”

3,2

2,0

0.3

0.8

0:4

1.3

29.1

2.5

0,6

4,6

9,2

1.3

2.1

0 .s

2.5

0.8

3,B

0,1

2.4

0,3

0,3

1.5

1.4
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Samples of these oils were incorporated in both
still and carbonated beverages, then exposed to
W irradiation for 48 hours.

At the end of this period, the beverages were
organoleptically compared to the ssmples of bev-
erages incorporating the conventional terpene-
less oils prepared and treated concurrently in the
same manner. Control samples were refrigerated
at 40°F for the same period.

After 48 hours of WV exposure the flavor of the
beverages prepared incorporating the commer-
cial terpeneless lemon oil were no longer char-
acteristic of lemon. The beverages containing the
Ultra-Tech lemon concentrate, although de-
creased in impact, maintained their tie lemon
character.

The Ultra-Tech lime concentrate evaluated in
a still beverage afler 48 hours showed virtually
no chsnge in flavor intensity or character while,
in contrast, the beverages containing the cOm-
merical terpeneless lime oil showed marked de-
creases in flavor intensity and lime character.
The comparative evaluation of the Ultra-Tech
lime concentrate in carbonated beverages dem-

onstrated moderate losses in flavor intensity and

a slight development of an off tsste. The flavor of
the carbonated beverage containing the commer-
cial terpeneless lime deteriorated completely
aRer48 hours.

An accelerated storage study was conducted in
still and carbonated beverages, and concunently
stored at 105”F for a period of three weeks and
evsluated at one week intervals. Control samples
were refrigerated at 400F for the same period.
After the three week period, all the samples were
organolepticaIly evaluated. All the Ultra-Tech
citrus concentrates showed substantially higher
relative stability in still and carbonated bever-
ages under accelerated aging conditions.

Raferencaa

Address corres~ndence to A. Fleisher, Fritzscha, Dcdga &
Olcott, 76 Ninth Avenue, New York, NY 10011.
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