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PREPARATION OF HIGH FRUCTOSE SYRUPS
FROM CITRUS RESIDUES

DESCRIPTION OF THE INVENTION 3

1. Technical Field of the Inveniion

This invention relates to a process for increasing
sugar levels in citrus press liguor and for obraining &
concentrate contamning high sugar levels from citrus
press higuor. The sugar enhanced citrus press liguor of
the present invention can be concentrated and the sugar
inverted to give a syrup having 4 highlevel of fructose.

2. Background Art

One of the problems associated with the growth of 4
citrus production has been the disposal of peel tesidues
as well as the rag, juice sacs and seeds from citrus friit.
Various approachcs to solving such problems have been
summarized by J. W. Kesterson and R. J. Braddock in
“By-products and Specialty Products of Florida Cit-
ros”, Fla. Agr. Exp. Sta, Bul. 784 (December 1976), the
contents of which are incorporated by refersnce herein.
As used herein, the term “ecitrus” refers to any member
of the genus Citrus, including but not limited to the
orange, grapefruit, tangerine, tangelo; lemon, lime; cit-
ron, and mandarin. Most of the waste residue from
commercial juice extractors is shredded, limed, cured
and pressed into press liguors and press ¢akes which are
then processed independently. Curad press cakes are
dried in 2 feed mill to yield “dried citrus pulp™ (DCP),
from which cattle and swine feed pellets are prepared.
The press liguors are concentrated in multiple effect
heat evaporators to yield citrus molasses, while d-limo-
nene is obtained from the condensate. However, present
commescial processes still discard valuable and tmpor-
tant components from citrus fruit processing operations:

B. R. Breslau et al. deseribe in Trans. Citrus Eng.
Conf. ASME Lakeland 22: 53 (1976) & process for re-
covering the soluble constituents of citrus press liquor
by screening and wltrafiltration of the resultant filtrate
with hollow fibers to separaie solids and oil suspensions
from the -citrus press liquor and produce & permeate
faction containing dissolved sugars. The ultrafiltration
retenate fraction containing suspended solids @including
finely divided “shards” of peel, puip, and seed residues
present n the screened liquor).is considered waste to be
used as conventional animal feed or to produce molas-
325,

A general object of this invention is to provide a
process for separating and recovering valuable products
from solid waste material present in citrus press liquor.

A principal chject of this invention is 1o provide a
process for recovering sugars from the shards present in
citrus press liquor.

Anaether object of this invention is to provide: a pro-
cess for purifying sugar extracts obtained from citrus
waste material to yield mixtures of non-reducing sugars
as well as glucose and fructose.

A more particular object of this invention is to pro-
vide a process for preparing high fructose syrups, com-
pardble to commercial high fructose corn syrup sweet-
eners, from citrus waste materials.

Another principal object of this invention is to pro-
vide a process for recovering limonene and other anti-
microblal materials from citrus press liquor.

4 Farther object of this invention Js 1o provide citrus
press liquor which s substantially free of such antimi-
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crobial materials, thereby permitting its use as a feed-
stock in microbiological processes.

Yet another object of this invention is to provide a
process for recovering the solid residues of sugar-
extracted shards obtamed {rom Sitrus press liguor for
use in the production of dried citrus pulp.

Upon study of the specification, drawings and ap-
pended claims, further objects, features and advantages
of the present invention will becomie more fully sppar-
ent 1o those skilled in the art to which this invention
pertains.

DISCLOSURE OF THE INVENTION

Briefly, the above and other objects of this invention
are abiained in one aspect thereof by providing a pro-
cess for increasing the sugar content of citrus press
liguer which comprises separating a major portion of
finely divided shards consisting essentially of suspénded
peel; pulp and seed ¢itrus solids from citrvs press liquor
and extracting fructose, glueose, and sucrose present in
the separated solids. The aqueous. extract is preferably
recombined with citrus press lignor which is subsian-
tially free of citrus solids to increase the sugar contents
thereof by at least 20 percent, generally 30-40 parcent
by volume:

The present invention is based in part upon the dis-
covery that citrus press liquor, which is obtained by
pressing waste citrus. material such as pegls, pulp and
sceds, contains at least three distinet and easily separa-
ble physical and chemical phases. Approxinately S0
pereent (by wet welght) of the press iquor is composed
of small insoluble fragments or “shards™ which are not
removed by existing processes for separating press cake
from press liquor. In accordance with this inveéntion,
press liquor is treated by separaiion techniques such as
ultrafiltration or centrifugation to recover these shards,
The shards are then suspended i a hot agueous solvent,
preferably water, to produce 2 sugar-enhanced aqueous
extract which is recombined with the press liguor super-
natant from the initial separation treatment to increase
the sugar content thercof. The resultant sugar-enhanced
citrus press quor typically contains solibilized hemii-
celluloses and pectins along with fermentable sugars at
# level over 20 percent greater than initially present in
the: press liquor starting material. Approximately 95
percent of these sugars are represented by the dissac-
charide sucrose and the C6 reducing monosaccharides
fructose and glucose.

When the initial crude citrus press liguor is centri-
fuged, separation of the press liquer into three distinct
phases -occurs. The top phase is a bright vellow or vel-
low-green colloidal layer which generally comiprises
=5 percent of the total volume and containis, among
other components, d- and d,k-limonene. The middle
layer is an aqueous phase containing dissolved sugars
together with stabilized hemicelluloses and pectins
presert in the- original press liquor, and its color varies
from pale yellow to pale brown depending on the pH;
generally, alighter color reflects a lower pH. The third
phase is a solid pellet comprising the shards. The
amount recovered varies from batch to baich of citrus
press liquor, but is generally about 5-10 /100 ml. Al
ternatively, the solids can be separated from the press
liquor by ultra-filtration, e.g. as described by R. J. Brad-
dock 2t al; . Food Sci 47(3): 946<048 (1982); however,
centrifugation is presently preferred as it readily sepa-
rates the three distinct phases forimmediate subseguent
treatment.
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1t has been found that heating these shards suspended
in an aqueous solvent for a brief period of time; prefera-
bly in & volume of solvent roughly corresponding to the
otiginal volume of press liquor for 10-15 minutes at
65°-85° C., then cooling, separating the shard residues
and recombining the agueous extract with the separated
press liquor line consistently increases the hexose con-
tent: of the press liquor by at least 20 percent, typically
30-40 percent or more on a volume basis, thereby re-
turning & substantial amount of sugar to the press iquer
line,

The solid material or shards, remaining after heating
in water to separate the additional sugar cemponents,
can be dried and processed for animal feed if desired.
Adding the extracted shard residues, consisting essen-
tially of water-insoluble pectins, celluloses, and hemi-
celluloses, back to the press cake line increases the
solids content thereof by at least 10 percent, typically
15-20 percent or more on a dry weight basis. This rep-
resents a substantial additional vield of dried citrus pulp
from materials which have otherwise been lost in the
citros molasses line;

While: the aquecus solution containing glucose, fruc-
tose, and sucrose can be indepeéndently inverted, it is
more economical to return this solution to the press
liguor ling for a single step inversion of the sucrose
present in both solidions. 95 percent of the sugars pres-
ent in the aqueous extract are fructose, glucose, and
sucrose, the latter being susceptible to inversion, ¢.g. by
treatment with invertase accofding to technigues well
known in the art such as described in U.S. Pat. No.
2,126,947, 1o yield a 50:50 mixture of glucose and fruc-
tose.

Inversion can take place at any pomnt in the process
subsequent to enhiancement of the sugar level in the
press liquor by addition of the aqueous shards extraci:
Suecrose inversion is generally carried out by adding
invertase in cither free or immobilized form to the sug-
arsgnhanced press liquor and permitting inversion to
ogeur over about a 1-2 hour period at a temperature of
about §0° C. and a pH of about 45, preferably about
4.5, at which pH it has a yellow rather than brown
color. At the end of this period the temperature is ele-
vated (about 80° C.) or the pH raised (to about 7-8)
sufficiently to inactivate the enzyme. Following neu-
tralization to pH 7.5, the color of the inverted press
liquor becomes light brown. There is uspally some
precipitatant or floceulant formed following incubation,
which appears to be pectin, cellulose, and hemicellu-
lose.

To avoid cloudiness, the inverted prass liquor super-
aatant should be brieily heated to builing or to a tem-
perature within about 25° C, of its boiling point, €.g. te
about 30°-100° C. for about 10-20 minutes. Thisheating
produces additional flocculant precipitate containing
finely divided and suspended solids which were not
removed during the previous separation procedures and
which may cause cloudiness in the sugar-enhanced
press liguor if not removed. It has not vet been deter-
mined whether such itreatment of the filtrate is neces-
sary to sinilarly prevent cloudiness when the shards are
separated by ultrafiltration, but it appears that this
would depend on the details of the ultrafiliration pro-
cess employed.

Following this heating proecedurs, the press liquor
can be subjected to addirienal procedures to achieve
further clarification and to produce a clesar supernatant
fluid having a golden color. These additional proce-
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dures include but are not limited o furlher centrifuga-
tion, Rltration, and solvent extraction.

Optionally, additionial solids from the supcrnatant
préss Hauor can be removed at any point by means of
extraction ‘with a volatile alcohol, preferably a lower
alkarnol, £.g. méthanol, Approximately equal voluroes of
methanel and supernatant press liguor are mixed to-
gether, which causes additional flocculant material to
séparate. Additional centrifugation separates the floccu-
lant solids and gives a further clarified supernatant press
liguer: Residual aicohol can be removed by evaporation
until no odor of alcohol persists in the préss liquor, and
the separated floceulant material can be recycled back
to the press cake Ime. Clarification can also be sccom:
plished by using a series of filtration. steps, e.g.. using
filters, sand, charcoal, and diztomaceous earth.

Filtration through a sand bed, e.g. of 18-30 mesh, isa
convenient method for removing the flocculated maie-
rial and other solids which are present at this stage.
Preferably, the firsr-and last portions of the effluent are
discarded and the column washed with water. The
effluent from which solids have been removed should
be cloudy and have a golden yellow color.

Activated charcoal can then be used to remove
solids, proteins, and coloring agents. Vacuum filtration
through activated charcoal on filter paper is convernient
and fairly rapid, yielding a {iltrate which is ¢leay and
vellow and may contain charcoal particies.

Diatomaccous carth fltration can then be used to
remove additional solids and coloring agents, agdmn
preferably by vacuum filtration through a bed of diato-
maceous earth ona filter pad. The filtrare at thisstage is
clear and light yellow.

If desired, further solids removal can be dchieved by
ultrafiltration, €.g. through a Millipore 0.454 filter. The
soluzion should fitter easily and the filtrate be a clear,
pale yellow.

Still further clagification and purification of the press
liguor following remaoval of the colloidal layer and solid
componenis ¢an be accomplished using ion exchange
techniques: The: inverted press liquor is first reacted
with a strongly acidic cation exchange sesin such as
Dowex SOWX2 (H+ form) to remove cations and vari-
ous color components from the press liquor. Other
strangly acidic ion exchange resins of suitable mesh can
be employed in place of Dowex 30 WX, exg. Rohm
and Haas TR-116 and IR-118; Tonac €-298; Misubishi
SK-102 or SK-103; Permutit-Zeocarh 225; and BioRad
AG S0W-X2. Following this treatment, the pH of the
press liguor is less than [, and it should be clear and very
pale yellow in color.

The nverted press liquor s then reacted with a
strongly basic anion exchange resin such as BioRad
AGIL-XE& (Cl~ form) 10 remove anjons and additional
color components. Comparable strongly basic anicn
exchange resins can be used in place of BioRad Agl-X8,
eg, Dowex 1-X8 (SBR); Rohm and Haas IRA-300;
{onac ASB-1; Mitsubishi SA-100; and Permutit-Zeolit
FF. The final solution obtained should be clear, ¢olor-
less, and odorless, but may bave a slightly bitter taste
due to the acetic aeid of the column.

After these procedures are complete, the final con-
centration of sugars generally ranges from 25-35 mg/ml
for fructose and. 30-37 ing/ml for glucose. The inverted
sugar-gnhanced press liguor can be concentrated toa 10
t0 15 fold level using a thin film evaporator at moderate
temperatures. of about 50° C. to yield a final produst
which i3 a viscous, ciear and colerless liquid.

CSC022790
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The ratio of these stgars in citrus press lquor almost
precisely egquals thelr ratio m currendy marketed “high
fructose syrups” which have been isolated from comn
(high fructose corn syrup or HFCS) and, certain other
agricultural products, whichare sweeteners of commer-
cial importance in the soft drink and other mdustries.
The concentration of these sugars from citrus press
liguor can be easily increased 10-15 fold fo. that of lgh
fructose syrups by thin film and other evaporation tech-
riques which de not reguire large amounts of ensrgy.
The resultant product is an approximately 50:50 solu-
tion of fructose and glucose which appears virtually
indistinguishable from commercial high fructose syrups
having a bulk selling price several fold greater than the
animal feed or molasses which has previously been
prepared from this material. Furthermore, this solution
can, by techniques known to those skilled in the art, be
zasily and rapidly converted into pure fructose solu-
tons and crystals and a precipitate of gluconic acid
salts, having current Hulk selling prices approximately
an order of magnitude greater than even HFCS,

While presently preferred as a2 method for preparing
high fructose syrups, the sugar-enhanced press liguor

obtained i accordance with the present invention,

whether coneentrated or net, can be subsequently
rreated in various ways 1o yield valuable and important
products. Examples include but are not limited to addi-
tional treatment using glucose oxidase to oxidize the
glucose: compenent to gluconic aeid and precipitate
ghiconates, yielding pure fructose; use as-a feedstock for
ethanol fermentation or for the fermantation production
of lactic acid and citric acid, as has been described by
Kesterion et al.; use of the sngar-enhanced press liquor
in the production of 2,3 butylene glycol by Aerobacter,
as described by 8. K. Long and R. Patrick in. Applied
Microbiology ¢ 244-248 (1961); etc.

The collodal phase of the press liguor can be sepa-
rated from the press liguor to vield Hmonene and other
biologically active compounds. Separation of the colloi-
dal phase from the press liquor is preferably carried out
n accordance with the present invention by centrifug-
ing the residual press liguor either prior to or subse-
quent to removal of the shards.

The colloidal iayer, whiclk constitutes a distinct mii-
cellar or emulsion phase, can be separated and isolated
by centrifugation from the remaining press liguor only
after the peel shards have been removed. This layer has
been found 1o contain, inter alia, limonene and at least
two additional components, at Jeast one of which ap-
pears to possess the Cb-C3-C6:flavanoid skeleton. The
residual liquid phase of the press hguor is composed
principally of solubilized hemicelluloses, pectins, and
fermentable sugars, thereby providing a starting mate-
rial for the praduction of ethanol according to known
techniques.

Without further elaboration, it is believed that onc
skilled in the art can, using the preceding description,
tilize the present invention to its fullest extent. The
following preferred specific embodiments are; there-
fore, to be construed as merely illustrative and not limi-
tative of the remainder of the disclosure in any way
whatsoever. In the following Examples, the tempers-
tures are set forth uncorrected in degrees Celsius; unless
otherwise indicated, all parts and percentages are by
weight,

o
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BRIEF DESCRIPTION OF DRAWINGS

The above and other objects, features, and advan-
wages of the present invention will become more fully
apparent to those skilled in the art to which this inven-
tion pertains upon consideration of the present specifi-
cation and annexed drawings, wherein:

FIG. 1 schematically illustrates representative alter-
native citrug residue processing schemes; and

FIG. 2 schematically illustrates pilot scale operation
from the press Hguor line.

BEST MODE FOR CARRYING OUT THE
INVENTION

While the following Examples employed orange
press liquor as a starting material, the processes illus-
trated thereby are equally applicable with: appropriate
madification as needed to press liguor from other citrus
fruir.

EXAMPLE 1

Separation of Suspended Citrus Solids

Referring to the drawings, FIG. 1 gives the general
process flow parameters.of the presently preferred pro-
cess. Further details are given in FIG. 2, a flow chart
tor a typical pilot scale operation. This assumes & pilot
plant operation in ‘which 1000 gallons per hour are
processed, with the remaining press liguor being re-
turged to conventional molasses processing.

Orange peel shards are recovered from a press liguor
ling using a gravity fed microscreen filter at ambient
temperature {28° C.) and conveyed 10 a jacketed mixing
tank. The residual press liguor containing the bright
yellow colloidal layer (which represented ahout 2-3

~ percent -of the liquid phase by volume) was collected

-
by

on
<

60

from the filter and pumped into a continuous feed cen-
trifugal separator. Three components were recovered: 2
lower density, bright yellow colloid; a higher density
agqueous phase containing essentially the sugar valyes of
the press liguor; and a solid “shards” pellet containing
peel, pulp and seed residues:

The separated shards were conveyed first to a stirred
reactor where they were heated in water for 10-20
minntes at 65°-85° C. to extract additional amounts of -
sugars. The shards were then screen filiered as before,
and the water extract added to the press liguor in the
stirred reactors. Remaining shards were conveyed to
the feed mill to add weight and substance to dried citrus

- pulp products.

EXAMPLE 2
Suerose Inversion

Press juices and the sugar-containing water extract
from the shard mixing tank were pumped into 2 jack-
eted and temperature-controlled stirred reactor. Yeast
invertase granules were then added to the reactor and
the sucrose inversion reaction allowed to proceed at 60°
C. for approsimately 2 hours at controlied pH. At the
end of the 2-hour reaction period, tank temperatare was
elevated to 85° C. for approximately 13 minutes to inac-
tivate the enzyme and to precipitate soluble pectin and
cellulose.

Ag shown in Table 1, there is little or nothing to be
gained by adding invertase to the press liguors at any
other step in the process. Adequaie inversion was
achieved by simply adding the invertase to the stirred
TEACLOrS.
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TABLE 1 process material and the reference material were virtu-
- ally identical, as illustrated in Table 2:
Procedure Pereent Sucrose
(3 hours at 60° &3 Tovered  Remaining TABLE 2
No invertase added ) 100 5 Proportion of Sugars in HFCS and Process Material
Invertase added directly o press 100 it} Percent
Juice Material Fructose Glucose Other Sugars
Invertase added bofore: heating 100 0
Invertase added after heating but 100 ] isgmerose ‘; i% :g 2‘15 i
3 i ifying fr somerose 8.8 5
before mized bed clarifying filter o r Matormat pl i —
EXAMPLE 3
EXAMPLE 6
Purification S .
‘ Chemical Analysis
The inverted glucose and fructose solution from Ex- 15

ample 2 was pumped to 8 mixed bed clarifying filter
containing industrial grade filtration sand, activated
charcoal, and diatomaceous earth layers in order to
partially deodorize and decolorize the resulting glucase
and fructose solution and to remove soluble contami-
nants and insoluble pectin and ceilulose fines before
passage through (first to Dowex-30 then to Dowez-1)
deionizing columns. A water wash of this mixed bed
clasifying filtér was undertaken at the end of cach reac-
tion pericd atd the ‘wash returned to press cake line
leading to thé dried citrus pulp feed mill. The effluent
leaving the deionizing columns was a clear, colorless,
and odorless solution containing approxiately 10-15
grams of sugars per 100 ml. More than $5 percent of the
sugar content was glucose and fructose. This solution
was concentraied 10 fo 15 fold to a solids level of 90-95
percent using 2 Rotovap thin film evaporator at 30° C.
to give a clean, colarless, viscous prodact containing
about 44 percent fructose and 48 percent glucose, The

overall vield of the process-in terms of solids was i -

excess of 95 percent, L.e. over 95 perceiit of the inverted
glucose and fructose was recoverad from the effluent
emerging from the deionizing coluzmns.

EXAMPLE 4
Gas Chromotography

Differences between the various materials involved
in the process were studied and illustraied by gas ¢hro-

matography. Four sugar “peaks™ were demonstrated

for both clarified citrug press liquor and for the hot
water extract of citrus shards. These include the a-and
B-anomers of glucose, the a-and S-anomers of fructase,
a sucrose peak, an unknown peak which behaves like
maanoheptulose, and a maltose peak, the latter being an
internal standard used for analytical purposes only.

The only difference from the reference sugar feed-
stock was the compleie absence of a sucrase peak in the
process material which demonstrated the présence only
of the a~ and B-anomers of fructose, the o- and B-anom-
ers of glucose, and z sugar which behaves chromato-
graphically like mannoheptulose.

EXAMPLE 5
Comparison With High Fruetose Corn Syrup

The chromatographs and chemical proportiens of
fructose and glucose in the process material were com-
pared with commercial preparations of High Fructose
Corn Syrup (HFCS). The only difference between the
reference material and the process material was the
absence of the presumed mannoheptulose sugar in the
reference preparations. The proportions-of sugars in the

“
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Fuither chemical analysis was conducted on the pro-
cess malerial after inversion according to Example 2.
Some protein material occasionally remained in an
order of magritude comparable to that usually encoun-
tered i the commercial HFCS preparations. This ap-
pears to be a function of pH and of the effectiveness of
the mixed bed clarifying filter in removing residual
amounts of invertase protei.

Depending upon the extent of evaporation, the solids
content after inversion can be made to vary from 50-95
percent solids, and correspondingly 5-50 percent maois-
ture content, as desired. The dry basis compogition was
994 percent carbohydrate with an ash content of less
than 0.05 percent, The process material was almost
entirely indistinguishable from high fructose syrups of
corn. or other agricultural origin. The only detected
difference was the presence of the unknown sugar {prs-
sumably mammoheptulose), comparable to the “other
saccharides” component found in commercial isome-
rose and other high fructose syrup preparations.

EXAMPLE 7
Growth Inhibition by Colloidal Layer

Equal volumes {100 ml each) of raw citrus press li-
quor were centrifuged at 6000 rpm to give three distinct
layers previously deseribed. The colloidal layer of one
batch was removed by skimming and filtering through
cheesecloth and the middle agueous phase decanted
from the shard pellet. The colloidal layer of a control
batch was not removed, but decanted along with the
aqueous phase from the shards, These aqueous phases
with and without the colloidal phase were diluted 1:1
with water, sterilized by autoclaving, and compared for
their ability to support the growth of Saécharomyces
cerevisiae (ATCC 4126). The aqueous phase with the
colloidal layer did not support growth of the yeast, and
viable counts of the organisms dropped upen incuba-
tion. The aqueous phase without the cellvidal layer

s snpporied prowth of the yeast to allow direct ethanol

fermentation.

Similar experiments demonsirated that a compdénent
in the colloidal layer inkibited the growth of Closirid-
jum thermohydrosuifuricum (ATCC 33,223) used to
convert sugar to alcohol, and of Closiriduim thermocel-
Tur (ATCLC 27.405) used to hresk down cellulose into
sugars and of Gluconobacter oxydans subs. suboxydans
(ATCC 621). However, antibacterial activity of the
coltoidal laver was selective as evidenced by the fact
that it did not similarly inhibit Lacrobacillus bulgaricus
(ATCC 11,842), Lactobacillus casei, subp. rhdmvosus
(ATCC 7,469), or Lactobacillus lacris (ATCC 12,315). Tt
appears that this selective inhibition is due 1o the pres-

CSCQ22792

Page 7 of 8



Case 1:07-cv-07844-SAS Document 44-7

Filed 05/09/2008

4,488,912

9

ence of limonene and7or flavanoids in the colloidal
layer, which hecome guminy when dried.

EXAMPLE §
Fermentation

Citrus press liquor without the colloidal layer was
prepared as described in Example 7 and successfully
used as a feedstock for an ethanol fermentation using
Saccharomyces cerevisize (ATCC 4126). The fermenta-
tion was complere after a 36 hour incubation &t 30° €,

EXAMPLE 9
Recovery of Citrus Terpenes

The bright yellow colloidal material recovered from
the citrus press lquor during the continuous separation
of Example | was distilled under vacoum and mild heat
(60" C.) and the distillate was recovered from the vapor
phase nsing a water cooled condensor operating at 18°
C. This distillate was a colorless liquid having a distinet
citrus aroma and was shown by mass spectral predomi-
nately limonene.

The precading examples can be repeated with stmilar
suceess by substituting the generically or specifically
described reactants and/or operating conditions of this
invention for those specifically used T the examples.
From the {oregoing description, one skilled in the art to
which this invention pertains can easily ascertain the
essential characteristics thereof and, without departing
from the spirit and scope of the present invention, can
make various changes and modifications to adapt it to
various usages and conditions.

Industrial Applicability

The process described herein greatly increases the
economic value of citrus press liguors which have here-
tofore been used as a source of citrus molasses and dry
citrus pulp animal feed of low economic value. Further-
more, by removing fermentation inhibilation eompo-
nens in the colloidal layer, citrus sugars obtained there-
from can now be lised as a fermentation feedstock.

What is claimed is:

1. A process for recovering a plurality of nseful prod-
ucts from a citrus press Hqeor line from which a citrus
press cake and screenable solids have been removed,
which process comprises:

(A} centrifuging the screen filtered press Hguor to
form (i) 1 to 5 perceni by volume of an upper col-
loid phase consisting essentially of limonene:céon-
tzining biocidally active materials from said press
liquor, (ity a middle agueous phase which is sub-
stantially free of said biocidally active materials
and consists essentially of the disselved sugars and
soluble polymeric carbohydrates from said press
liguor, and (iii) a solid phase consisting essentially
of citrus fragments and shards from said press I
Quor;

(B) separating the colloid phase (§) from the agueous
phase (i} and the solid phase (i} and recovering
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the biocidally active materials from the separated
¢olloid phase:

{C) separating the solid phase from the agueous
phase;

(D} extracting fructose, glucose, and sucrose from the
separated citrus fragments and shards of the solid
phase by suspending the separated solid phasein a
volume of water at 65-85 degrees C. roughly cor-
fesponding 1o the original volume of said centri-
fuged press liquor for about 10 to 15 minutes;

(E) separating the water-insoluble material of the
solid phase from step (C) and combining it with a
press cake from which citrus press liquor has been
separated to increase the solids content thereof by
at least 10 percent on & dry weight basis; and

(F) combining the separated aqueous -extract from
step (I} with the agucous phase from step (C) to
increase the hexose content of said aqueous phase
by at least 20 pereent by volume.

2. A process acoording 1o claim 1, wherein the fruc-
tose, glucose. and sucrose equivalent of the eitrus press
liquar is increased to a concentration comparable to
that of high fructose corn syrup.

3. A pracess aceording to claim 2, further comprising
inverting the extiacted sucrose from step (C) 1o form
substantially cquimolar amounts of ghicose and frug-
tose.

4. A process according to claim 3, wherein the citrus
press liguor is treated with invertase following recombi-
nation with the aquenus extract from step (E).

5. A process accarding to ¢laim 1, wherein the water-
insoluble material from step (D) is further converted
into dried citrus pulp.

6. A process according to claim ¥, further comprising
fermenting at Jeast one sugar extracted in step (C).

7. A process according to-claim 3, further comprising
converting at least onc of said sugars into-a correspond-
ing catboxylic acid or salt thereof,

8. A process according to claim 7, wherem glucose is
converted into gluconie acid or a salt thersof, further
comprising recovering fruciose from the resultant solu-
tion.

9. A process according to claim 3, further comprising
heating the inverted press liquor to ahout 80-100 de-
grees C. to form a flocculent precipitate and separating
the precipitate from the inverted press Hauor 1o prevent
cloudiness therein.

10. A process according to claim 9, wherein the sepa-
rated floeeulent is conibined with a press cake from
which citrus press liquor has besn separated.

11. A process according to claim 3, further compris-
ing removing additional solids from the sugar-enhanced
press liguor from step (D) by alechol extraction after
the separating of step (B).

12, A process according to claim 1, further compris-
ing clarifying the inverted press liquor by sequential
reaction with a strongly acidie, then & strongly basic,
ion exchange resin.
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