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The nature of the chemical changes in the water and oil constituents of the volatile fla
material of fresh, freshly canned, and stored canned California Valencia orange
has been investigated. Acetic, propionic, isovaleric, and traces o f butyric aci
found in the stored juice. There was a decreased acetaldehyde content and tra
diacetyl. A C G H802 unsaturated acid previously found in grapefruit juice was pre
all three orange juices. Twenty-nine compounds from the oil fraction were identifi
their amounts determined in each of the three juices. Analyses were made by chr

graphic techniques when possible. The major changes in the oil fraction of orang

on canning and storage were loss in total volatile oil, conversion of hydrocarbons t
hols, and loss in esters, aldehydes, and terpene aliphatic alcohols. The predomina
flavor of stored canned orange juices appears to arise from the non-volatile prec
HE VOLATILE FLAVORING CONSIrrUTENTS of orange juice have been con-

side red in this study to be materials that
can be removed from the juice by distilla ti on methods. These include lowboiling organic constituents and highboiling oils, the latter being removed as
aqueous azeotropes.
If these volatile constituents are removed from the juice by distillation at
atmosphe ric pressure, the recovered
fraction has an odor strongly suggesting
that its composition has been considerably
altered in the process. If they a re removed at reduced pressu res and co rrespondingly lower temperatures, the aroma
of the recovered fraction resembles more
closely the aroma of the o ri ginal juice.
The lower the temperature of distillalion
the more closely the volatiles re,•
s mble the original fruity aroma.
A citrus juice from which a portion of
t!,e water has been removed by dis tillation shows a definite change in flavor,
and it was early recognized that the
aroma of orange juice was associated
with the volatile fraction (10). It was
also shown that the flavor of orange juice
is largely lost by evaporation, but that
this loss may be partly ove rcome by the
addition of fresh juice to the concentrate
to restore flavor and aroma (22).
The flavor of a concentrated orange

jice
which has been restored to its
o
riginal strength by the addition of pure
water tastes insipid and is lacking in
orange
character (27). It is generally
re
cognized that the flavor and aroma of
fresh orange juice, as well as certain offflavors of the processed juice, a re associ3
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ated with the volatile fractions (2, 4, 11).
These frac ti ons consist of constituents
soluble and insoluble in water; whereas
some of the aroma resides in the watersoluble fraction (10, 16, 23), most of the
characteristic flavor and a roma of citrus
juices is considered to be in the volatile,
sparingly water-soluble, oil fractions
(14, 16, 23, 27).

The method of extraction of the juice
from the fruit results in the incorporation of some peel oil into the juice, but
the juice itself contains some oil present
in the juice sacs. In experiments in
which fruit was carefully peeled and

washed, appreciable. amounts of oil
we re recovered from the juice sacs
(2, 4, 23,27). Globules of oil have been
demonstrated by histological studies on
the juice sacs of various citrus fruits
(6, 26).

Orange juice has been investigated
extensively, particularly as regards
changes in the composition of the volatile
fractions resulting from heating and storage. Hall and Wilson (10) investigated the volatile materials obtained
from 10,000 gallons of fresh California
Valencia orange juice.
They repo rted the following constituents: acetone, acetaldehyde, ethyl
alcohol (0.018% on separate sample),
formic acid, citronellal, cap rylic acid as
ester, acetic acid as ester, formic acid as
eater, isoamyl alcohol, phenyl ethyl
alcohol, possibly geraniol, a-terpineol,
and a C,H i .O alcohol similar to lina.

1081.
Hydrogen sulfide has been reported

in green oranges and in orange juice
(1, 18). Furfural has been detected in

orange juice stored in the presence of
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oxygen (24), and seas
and alcohol contents
have been determined
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A Aowsheet describing separation of
the volatile material from the juice
appears in Figure 1. The frozen, fresh
Valencia orange juice (3000 gallons) was
thawed by running through a Seprosieve
into a warm water-jacketed kettle
equipped with a stirrer, and then fed directly into the evaporator, A, while still
cold. Distillation was carried out at 40
mm. of mercury absolute, with the evaporator contents maintained below 45° C.
(113° F.) at all times, until 75% of the
juice had distilled. The evaporator
was heated by steam at 8-pound gage
pressure (112°C., 233.6° F.). (It was
found by test runs that orange juice

lost its volatile oil less readily than grapefruit juice (16), so it was necessa ry to
dis ti ll off 75% of the juice before essen-

tially all of the oil was removed. ) The
still was a long vertical-tube, natural-

circulation, vacuum evaporator with an
external vertical-liquid separator. The
vapors passed from the top of the
evaporator through two water-cooled

stainless steel condensers into flask, B,
at room temperature. This flask was
connected to the vacuum pump, H,
through anothei condenser, C, refrigerated with a 1 ° C. (34° F) brine system,
and a series of traps, D,F,,F, maintained
at — 78° C. (-108° F.) with dry ice and
alcohol. A trap, G, containing 2,4dini

trophenylhydrazine

in sulfuric acid

was inserted just ahead of the pump to

trap acetaldehyde. The condensate from
the room temperature, B, and refrigerated receivers, C, was pumped to a
stainless steel stripping column, /i, in
order to concentrate the volatile watersoluble materials. The stripping col-
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umn was also operated under vacuum

with a 1°C. (34° F.) condenser and re-

frigerated receiver, L, connected through

a series of d ry ice traps, M,A',O, to the

vacuum pump, P, in order to collect the
volatiles. By this means. the evaporator
distillate was reduced to 150 gallons.
The distillate was saturated with salt
and extracted with diethyl ether in a
continuous extractor, R, under a pressure
of 360.7 nud.- of mercury absolute.

Ether used in this work was anhydrous
analytical grade containing not more
than 0.01% alcohol. Prior to use it
was checked to make sure no pe roxides
were present. Approximately 5 gallons
of ether were used to each 1000 gallons
of juice. The water layers in the various

cold traps were separated from the oils,
saturated with salt, and extracted with

ether. All of the ether-extracted water
fractions were then combined, freed of

excess salt and ether, and concentrated
in the stripping column to 5 gallons in

Table 1.
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The nature of the chemical changes in the water and oil constituents of the volatile flavoring
material of fresh, freshly canned, and stored canned California Valencia orange juices
has been investigated. Acetic, propionic, isovaleric, and traces of butyric acid were
found in the stored juice. There was a decreased acetaldehyde content and traces of
diacetyl. A C G H8 0 2 unsaturated acid previously found in grapefruit juice was present in
all three orange juices. Twenty-nine compounds from the oil fraction were identified and
their amounts determined in each of the three juices. Analyses were made by chromatographic techniques when possible. The major changes in the oil fraction of orange juice
on canning and storage were loss in total volatile oil, conversion of hydrocarbons to alcohols, and loss in esters, aldehydes, and terpene aliphatic alcohols. The predominant offflavor of stored canned orange juices appears to arise from the non-volatile precursors.

HE VOLATILE FLAVORING CONS7ITVT ENTS of orange juice have been con-

sidered in this study to be mate ri als that
can be removed from the juice by distillation methods. These include lowhoiling organic constituents and highboiling oils, the latter being removed as
queous azeotropes.

If these volatile constituents are renioved from the juice by distillation at
.omospheric pressure, the recovered
fraction has an odor strongly suggesting
iliat its composition has been considerably
altered in the process. If they are removed at reduced pressures and correspondingly lower temperatures, the aroma
of the recovered fraction resembles more
closely the aroma of the original juice.
"1 he lower the temperature of distillati„n the more closely the vola ti les res mble the original fruity aroma.
.\ citrus juice from which a portion of
i r water has been removed by distilla(Ion shows a definite change in fl avor,
and it was early recognized that the
di oma of orange juice was associated
'cith the volatile fraction (10). It was
also shown that the flavor of orange juice
is largely lost by evaporation, but that
this loss may be partly ove rc ome by the
.' ddition of fresh juice to the concentrate
1,1 restore flavor and aroma (22).

The flavor of a concentrated orange
i rice which has been resto red to its
^'iginal strength by the addition of pure
" ater tastes insipid and is lacking in
(o
range character (27). It is generally
i r cognized that the flavor and aroma of
fresh orange juice, as well as certain offflavors of the processed juice. are as oei-

ated with the volatile fractions (2, 4, 11).
These fractions consist of constituents
soluble and insoluble in water; whereas
some of the aroma resides in the watersoluble fraction (10, 16, 23), most of the
characteristic flavor and aroma of citrus
juices is considered to be in the volatile,
sparingly water-soluble, oil fractions
(14, 16, 23, 27).
The method of extraction of the juice
from the fruit results in the incorporation of some peel oil into the juice, but
the juice itself contains some oil present
in the juice sacs. In experiments in
which fruit was carefully peeled and
washed, appreciable . amounts of oil
were recovered from the juice sacs

(2, 4, 23, 27). Globules of oil have been
demonstrated by histological studies on
the juice sacs of va rious citrus fruits
(6, 26).

Orange juice has been investigated
extensively, particularly as regards
changes in the composition of the volatile
fractions resulting from heating and storage. Hall and Wilson (10) investigated the volatile materials obtained
from 10,000 gallons of fresh California
Valencia orange juice.
They reported the following constituents: acetone, acetaldehyde, ethyl
alcohol (0.018% on separate sample),
formic acid, citronellal, cap ry lic acid as
ester, acetic acid as ester, formic acid as
ester, isoamyl alcohol, phenyl ethyl
alcohol, possibly geraniol, a-terpineol,
and a C,oH,sO alcohol similar to linalob1.
Hydrogen sulfide has been reported

oxygen (24), and seasonal acetal
and alcohol contents of orange
have been determined (32).
This paper reports the isolatii
identification of the constituents
volatile water-soluble and oil ft
from freshly reamed, canned, and
canned Califo rn ia Valencia orange
and represents a continuation o
term studies on citrus flavoring (14
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In the preparation of the canned
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commercial practices. Arrang
were made to purchase the orang
from a commercial processor, wh
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vent the inclusion of soft and rotte
and thoroughly washed. Total
solids in the juice was 13.8%, an
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tank. One third of the juice was
frozen for delivery to the laborat
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and filled directly into 46-ounce
enamel-lined cans. After being
and sealed, the cans were coo
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Figure 1. Flowsheet for separation of volatile constituents from
orange juice
)f stored canned juice held at room temaerature for 3 years.
A flowsheet desc ri bing separation of

e volatile material from the juice
appears in Figure 1. The frozen, fresh
^'aicncia orange juice (3000 gallons) was
^h ed by running th ro ugh a Seprosieve
nto a warm water jacketed kettle
'quipped with a stirrer, and then fed diectly into the evaporator, A, while still
old. Distillation was carried out at 40
run. of mercu ry absolute, with the evapoator contents maintained below 45° C.
113° F.) at all times, until 75% of the
lice had distilled. The evaporator
'as heated by steam at 8-pound gage
ressure (112° C., 233.6° 1'.). (It was
fund by test runs that orange juice

st its volatile oil less readil y than grapeuit juice (16), so it was necessary to
still off 75
of the juice before essentily all of the oil was removed. I The
11 was a long vertical-tube, natural-

'culation, vacuum evaporator with an
ternal vertical-liquid separator. The
pors passed from the top of the
sporator through two water-c()( )led

inless steel condensers into flask, B,
ro om temperature. This flask was
inected to the vacuum pump, H,
ough another condenser, C, refrigerd with a 1° C. (34° F) brine system,
I a series of traps, D,E,F, maintained
—78° C. (-108° F.) with dry ice and

)hol. A trap, C, containing 2,4itrophenylhydrazine in sulfuric acid
inserted just ahead of the pump to
P acetaldehyde. The condensate from
room temperature, B, and refriged receivers, C, was pumped to a

iless steel stripping column, h, in

umn was also operated under vacuum
with a 1 ° C. (34° F.) condenser and refrigerated receiver, L, connected through
a series of d ry ice traps, M,.'1',O, to the
vacuum pump, P, in order to collect the
volatiles. By this means the evaporator
distillate was reduced to 150 gallons.
The distillate was saturated with salt
and extracted with diethyl ether in a
continuous extractor, R, under a pressure
of 360.7 rant of me rcury absolute.

Ether used in this work was anhydrous
analytical grade containing not more
than 0.01% alcohol. Prior to use it
was checked to make sure no peroxides
were present. Approximately 5 gallons
of ether were used to each 1000 gallons
of juice. The water layers in the various

cold traps were separated from the oils,
saturated with salt, and extracted with
ether, All of the ether-extracted water
fractions were then Combined, freed of
excess salt and ether, and concentrated
in the stripping column to 5 gallons in

Table 1.

alua wnc;Cna'I

was then carefully fractionated on
Podbielniak Hyper-Cal column, and t
resulting fractions were systematical
examined by mic ro tests for carboao
compounds, alcohols, esters, acids, .41
sulfur and nitrogen compounds.
The combined ether extracts of
water-layer condensates from the evap
ra ti on of the juice were freed of ether l
distillation on the Hyper-Cal colum
Low-boiling alcohols present in d
fraction were fractionally distilled "I
this column. The combined oil layc
fro m the condensers, B,C, the cold trai
D,E,F,M,N,O, and the o il remaitw
after removal of the low-boiling alco}h
fro m the ether extract, were analyzed.
The freshly canned juice and the Jul
that had been stored for 3 years we
distilled in a similar manner.
As the residue, Al, from stripping 0
evaporator distillate from stored Jul
was acidic, a portion was worked up
determine which acids were preses
Thirty gallons of the residue we
neutralized with sodium hydroxide at
evaporated to dryness, and 4.76 grai
of sodium salts were recovered. From
similar treatment of 58 gallons -+.
residues from fresh juice, and 14 gallop
from freshly canned juice there we
obtained 1.28 and 0.7 grams of soditx
salts. This material was conve rted 7
the p-phcnylphcnacyl esters (7) fi
chromatographic separation and ides!
fication of the acids (17).
Table I gives the app ro ximate amoun

of the compounds found in the volati
water-soluble fractions of the thsi
juices.

Results and Discussion
Carbonyls. A crystalline 2,4-dinitu

phenvlhydrazone (melting point 167.5(
was identified as that of acetaldehy
by a mixed melting point with a knot
sample. It was also identified by t
dimedone derivative (melting poi
143° C.), and by the preparation
ethylidene di-2-naphthyloxide (meld
point 173° C.).

Volatile Water-Soluble Constituents of Fresh, Freshly_ Canned, as
Stored Canned Valencia Orange Juices
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