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REDUCED-SUGAR FRUIT JUICE AND
FRUIT MUST

BACKGROUND

Field

[0001] The present disclosure relates to a method of
producing a reduced-sugar fruit juice and reduced-sugar
fruit must. They have similar native concentrations of the
non-sugar components and reduced-sugar solids as com-
pared with 100% fruit juice or fruit must.

Description of the Related Art

[0002] Fruit juice is regulated by the US Food and Drug
Administration (FDA). Fruit juice needs to meet a minimum
degree Brix to be labeled as 100% juice. The standard of
identity for single strength grape juice is 16.0° Brix. The
standard identity for single strength orange juice is 11.8°
Brix. A “juice beverage” is defined as a beverage containing
less than 100% juice but more than 1% juice.

[0003] If the juice is adulterated or “if its nutrient profile
was diminished to a level below the normal nutrient range
for the juice,” then that juice shall not be included in the total
percentage juice declaration” (21 CFR §§ 101.30 & 102.33).
[0004] The consumption of orange, grape, and other fruit
juices has steadily decreased over the past few years, par-
tially due to its high-calorie content. As a result, the bever-
age industry has developed several technologies to produce
reduced-sugar fruit juice beverages to meet the customer’s
demand. Each technology uses unique processes that have
inherent advantages and disadvantages. The primary tech-
nology used to produce a reduced-sugar fruit juice is the
dilution of fruit juice with water. The primary technology
used to produce a reduced-sugar fruit must, for the produc-
tion of wine and wine containing beverages, is to harvest the
fruit before they are mature.

SUMMARY

[0005] Grape juice is an excellent source of vitamins,
minerals, and other beneficial compounds, including but not
limited to those identified according to the Recommended
Daily Allowance (RDA). However, an 8-ounce (240 ml)
glass of grape juice contains 35 grams of sugar, which
equate to about 140 calories. The standard of identity for
grape juice is based on the soluble solids or Brix (including
fructose, glucose, and other soluble solids) of the juice. The
standard of identity of grape juice is 16.0° Brix. Grape juice
is composed of water, sugars (fructose. glucose, and trace
amounts of sucrose), pigments (e.g., anthocyanins, etc.),
polyphenols, acids (e.g., citric, malic, etc.), flavors, vitamins
(e.g., ascorbic acid, vitamin E, etc.), minerals (e.g., potas-
sium, magnesium, etc.), flavonoids (e.g., syringetin, larici-
trin, etc.), antioxidants, fiber, pectin, free amino acids, lipids,
enzymes, and other beneficial compounds.

[0006] Grape juice is produced by squeezing the liquid
content from fresh grapes. The resulting juice (grape must)
is passed through multiple screens, sieves, filters, or other
processes to remove the grape skins, seeds, and small grape
pieces. However, it is possible to remove the large and small
particles using a single filtration system or centrifuge pro-
cess.

[0007] The composition of the non-sugar solids in grape,
apple, pear, and other “clear” fruit juices are unique to the
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individual juice producer and their proprietary manufactur-
ing processes. Since they are standardized based on Brix and
not the non-sugar solids, juice samples from different fruit
varieties, location, time of year, maturity, and manufacturer
(domestic and international) can have a significantly differ-
ent non-sugar solids chemical composition. They also can
have a different flavor profile, nutritional composition, aver-
age particle size, particle size distribution, and/or particle
percent (wt./wt.) of the non-sugar solids. The technical and
operational processing conditions are held as trade secrets
by the juice manufacturer. The equipment used to produce
clear fruit juice includes but it is not limited to passing the
juice through a filter with organic filtering aid (e.g., rice
hulls, paper fiber, organic materials, etc.), screens, plate and
plate filters, or other filtration processes. Due to the crude
and varied processing conditions as relates to the non-sugar
solids, it is necessary to develop an innovative closed-loop
process with well-defined parameters to control the fraction-
ation, partial removal of the native sugars, and recombine of
select fractions to produce reduced-sugar fruit juice and
reduced-sugar fruit must (with or without fruit skins).
[0008] Concord and white grape juice (100%) has a 16.0°
Brix, 140 calories, 35 grams of sugars, and contains a
significant amount of beneficial compounds per 8 ounces
serving.

[0009] Below are the ingredient statement and nutritional
information for 100% Grape Juice.

[0010] Ingredients: Grape juice from concentrate (filtered
water, grape juice concentrate), grape juice, ascorbic acid,
(vitamin C), and citric acid (for tartness)

[0011] Nutrition Facts—Service Size 8 0z (240 ml). 100%
Juice.
[0012] Calories 140, Fat 0 g, Cholesterol 0 g, Sodium 0

mg, Total Carbohydrates 37 g 13%, Total Sugars 35 g,
Protein <1 g. Amount per Serving % Daily Value—Calcium
2%, Potassium 140 mg 2%, Vitamin C 90 mg 100%. Not a
significant source of Dietary Fiber, Vitamin A, or Iron.
[0013] Reduced-sugar grape juice, produced by diluting
grape juice with water, is the primary process used to
address the high caloric content of 100% grape juice.
Additional ingredients, including but not limited to acids,
color, flavor, natural or artificial sweetener, etc. may be
added to the beverage. Reduced-sugar grape juice beverages
typically contain about 28% grape juice; as a result, it also
only contains only about 28% (wt./wt.) of the native vita-
mins, minerals, and other beneficial compounds of 100%
grape juice. Some grape juice beverages only contain about
5% juice.

[0014] Below are the ingredient statement and nutritional
information for a reduced-sugar concord or white grape
juice beverage.

[0015] Ingredients: Filtered water, grape juice, malic acid
(for tartness), sodium citrate, fruit juice, and vegetable juice
concentrates (for color), ascorbic acid (vitamin C), natural
flavor, sucralose, and acesulfame potassium

[0016] Nutrition Facts—Service Size 8 oz (240 ml) 28%
Juice
[0017] Calories 45, Fat 0 g, Cholesterol 0 g, Sodium 80

mg. Amount per serving % Daily Value—Total Carbohy-
drates 12 g 4%, Total Sugars 10 g, Protein 0 g, Vitamin C
100%

[0018] Grapes are also used to produce wine and wine
beverages (e.g., wine coolers). Mature grapes are harvested,
destemmed, and crushed. The resulting product is referred to
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as “grape must”. Grape must has about a 20°-30° Brix. Red
wines are produced by fermenting the grape must containing
grape juice, skins, fruit pieces, and seeds. Grape must used
to produce blush wines contain a portion of the grape skins,
fruit pieces, and seeds. White wines are produced by fer-
menting grape must without skins, fruit pieces, and seeds.

[0019] A 5-ounce (150 ml) glass of wine, with about 11%
alcohol, contains about 123 calories. A glass of wine has a
calorie range of about 109 to 130, depending on the alcohol
content. Most of the calories in wine come from the alcohol
since alcohol has seven calories per gram, while carbohy-
drates (sugars) have four calories per gram.

[0020] The consumption of wine is plateauing since con-
sumers are migrating to alcoholic beverages with reduced
sugars, including hard fruit seltzer. However, there is also a
growing market for low-sugar (reduced-calorie) wines with
a full, mature, complex, and sophisticated flavor profile.
This is especially true for red wines since they are prized for
their complex flavor profiles. By partially removing sugars
from mature grape must, it is possible to produce wines with
a mature, complex flavor profile, and fewer calories.

[0021] Low-sugar wines are produced by harvesting the
grapes before they are fully mature. Immature grapes con-
tain higher concentrations of starch, less sugars, and reduced
beneficial compounds. Since the grapes are harvested before
they mature, their flavors are not fully developed, complex,
or sophisticated. Grower picks immature grapes to target a
low sugar content to the detriment of an immature, simple,
and unsophisticated flavor profile.

[0022] Orange juice is a popular breakfast drink and is
recognized as a good source of essential minerals, vitamins,
flavonoids, and other beneficial compounds. There is also
agreement in the medical field that consumers should
increase their consumption of orange juice and correspond-
ing native natural beneficial compounds. However, consum-
ers need to be aware of the high concentration of sugars in
100% orange juice.

[0023] An 8-ounce (240 ml) glass of orange juice contains
22 grams of sugar, which equate to about 110 calories.
Orange juice has a standard of identity of 11.8° Brix. “Brix”
is a refractive index scale for measuring the quantity of
soluble solids (including fructose, glucose, sucrose, acids,
and other soluble solids) in a solution at a given temperature.
The “refracted Brix” is converted to “corrected Brix” by
adjusting for the native acids (i.e., citric acid) in the orange
juice. As a result, orange juice is commonly defined as
Brix/acid or corrected Brix. The high sugar content and
corresponding high calories are adversely affecting orange
juice consumption.

[0024] Orange juice is produced by squeezing the liquid
content from fresh oranges. The resulting juice product is
passed through at least one screen, sieve, filter, or other
processes to remove the peel, pith, large orange pieces,
seeds, and excess pulp.

[0025] Orange juice is composed of water, sugar solids,
and non-sugar-solids. The sugar solids are composed of
simple sugars, including about 50% sucrose, 25% glucose,
and 25% fructose. The non-sugar solids, including acids and
beneficial compounds, constitute the remaining of the
orange juice solids. The beneficial compounds include but
are not limited to vitamins, minerals, flavonoids, antioxi-
dants, pulp, acids, carotenoids (color), pectin, free amino
acids, lipids, enzymes, and other non-volatile compounds.
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[0026] Orange juice is available with different pulp con-
centrations (e.g., high pulp, medium pulp, low pulp, and
clarified), pulp particle sizes, and pulp particle size distri-
bution. The pulp may be homogenized or processed to
reduce the particle size and produce a more uniform particle
size distribution, which will keep it suspended in the finished
juice. Orange juice and other pulp containing fruit juices
from different vendors (domestic and international) have
different pulp concentrations, particle size, and particle size
distributions. Fruit juices with pulp are produced by adjust-
ing the concentration of pulp in the finished beverage.
[0027] The composition of the non-sugar solids in orange,
pineapple, and other fruit juices with pulp vary based on the
juice producer and their proprietary manufacturing pro-
cesses. The juices are standardized based on Brix and not the
non-sugar solids. As a result, juice samples from different
manufacturers (domestic and international) can have signifi-
cantly different non-sugar solid concentrations, nutritional
composition, and particle parameters (average particle size,
particle size distribution, and particle percent (wt./wt.)). The
technical and operational processing conditions are held as
trade secrets by the juice manufacturer. The equipment used
to produce fruit juice with pulp includes, but it is not limited
to, passing the juice through multiple filters, screens, or
other filtration processes. Due to the non-standardized, crude
and varied processing conditions as it relates to the non-
sugar solids, it is necessary to develop an innovative closed-
loop process with well-defined parameters to control the
fractionation; partial removal of the native sugars, and
recombine of select fractions to produce reduced-sugar juice
with pulp and reduced-sugar fruit must (with or without fruit
skins). The non-solid sugars can interfere with the small
particle filtration and/or chromatographic processes result-
ing in the loss of beneficial compounds during the separation
processes.

[0028] Orange juice concentrate is produced by passing
the juice through a heat exchanger to remove most (about
80% to about 90%) of the native water. The orange juice
concentrate is stored frozen and shipped domestically and
internationally to local and regional beverage plants. The
manufacturing plants reconstitute (water is returned) the
concentrate to produce “Orange Juice” (100% orange juice;
based on the standard of identity) and “Orange Juice Bev-
erages” (less than 100% orange juice; based on the standard
of identity).

[0029] Below are the ingredient statement and nutritional
information for 100%

[0030] Orange Juice—not from concentrate.

[0031] Ingredients: Orange Juice (not from concentrate)
[0032] Nutrition Facts—Service Size 8 oz (240 ml). 100%
Juice.

[0033] Calories 110, Fat 0 g, Cholesterol 0 g, Sodium 0

mg, Total Carbohydrates 26 g 9%, Total Sugars 22 g, Protein
2 g. Amount per Serving % Daily Value—Potassium 450
mg, Vitamin C 90%, Folate 10%, Thiamin 8%, Magnesium
6%, Vitamin B6 4%, Niacin 2%, Calcium 2%. Not a
significant source of Dietary Fiber, Vitamin A, or Iron.

[0034] Reduced-sugar orange juice beverages fill a mar-
keting segment. Commercially available reduced-sugar
orange juice beverages are produced by combining orange
juice, water, high-intensity sweetener, acids, color (Beta
Carotene), flavor, and other ingredients resulting in a bev-
erage that has the sensory characteristics similar to 100%
orange juice. They typically contain about 42% orange juice,
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including 10 grams of sugars (50 calories) and some native
beneficial compounds per an 8 oz serving. However, since
the beverage only contains 42% orange juice, it only con-
tains 42% of the native vitamins, minerals, and other ben-
eficial compounds of 100% orange juice. As a result, the
reduced-sugar orange juice beverage may be supplemented
with a few select “non-native” beneficial compounds. The
resulting ingredient statement and nutritional panel are not
as clean as one from 100% orange juice. Consumers are
demanding products with clean labels. Below are the ingre-
dient statements and nutritional fact panels for a reduced-
calorie orange juice beverage.

[0035] Below are the ingredient statement and nutritional
information for a reduced-sugar orange juice beverage.
[0036] Ingredients: Pure Filtered Water, Orange Juice,
Less than 1% of: Vitamin C (Ascorbic Acid), Natural
Flavors, Citric Acid, (Provides Tartness), Citric Pectin, Ste-
via Leaf Extract, Beta Carotene.

[0037] Nutrition Facts—Service Size 8 oz (240 ml). 42%
Juice.
[0038] Calories 50, Fat 0 g (0% DV), Sodium 10 mg (0%

DV), Total Carbohydrates 12 g (4% DV), Total Sugars 11 g,
Protein 1 g. Amount per Serving % Daily Value—Potassium
190 mg (4% DV), Vitamin A (25% DV), Vitamin C (100%
DV), Thiamin (4% DV), Vitamin B6 (2% DV), Folate (4%
DV), and Magnesium (2% DV). Not a significant source of
Sat Fat, Fat, Trans Fat, Cholesterol, Fiber, Vitamin D,
Calcium, and Iron.

[0039] Consumers have learned that current reduced-sugar
orange juice beverages do not contain 100% juice, and as a
result, they do not contain the nutritional content of 100%
orange juice. They understand that if they want the nutri-
tional benefits of a glass of 100% orange juice, they need to
drink about 2.38 glasses of a reduced-sugar orange juice
beverage. However, the consumption of 2.38 glasses of a
reduced-sugar orange juice beverage would also contain
about the same calories of a glass of 100% orange juice.

[0040] There is a market need for a reduced-sugar fruit
juice beverage, with or without pulp, which has a similar
(native) nutritional composition of 100% fruit juice, but with
reduced sugars. The reduced-sugar fruit juice beverages
include but not limited to orange, tangerine, pineapple,
grape, apple, peach, prune, mango, and cherry.

[0041] A process of producing a reduced-sugar fruit juice
and reduced-sugar fruit must may include passing an initial
juice or an initial must of a fruit through at least one large
particle separator to obtain a large particle cake/retentate and
a large particle filtrate. The large particle cake/retentate has
large particles with a first average size and including at least
one of peel, pith, pulp, skins, seeds, stems, leaves, and fruit
pieces.

[0042] The process may additionally include passing the
large particle filtrate through at least one medium particle
separator to obtain a medium particle cake/retentate and a
medium particle filtrate. The medium particle cake/retentate
has medium particles with a second average size that is
smaller than the first average size of the large particles.
[0043] The process may also include passing the medium
particle filtrate through at least one small particle separator
to obtain a small particle retentate and a small particle
filtrate. The small particle retentate has small particles with
a third average size that is smaller than the second average
size of the medium particles.
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[0044] The process may also include passing the small
particle filtrate through a chromatography column to obtain
a sugar stream and a reduced-sugar filtrate via ligand chro-
matography or size exclusion chromatography.

[0045] The process may also include producing a reduced-
sugar fruit juice with pulp by combining at least a portion of
the medium particle cake/retentate and the reduced-sugar
filtrate.

[0046] The process may also include producing a reduced-
sugar fruit juice without pulp by combining at least a portion
of the small particle retentate and the reduced-sugar filtrate.
[0047] The process may also include producing a reduced-
sugar fruit must with fruit skins by combining at least a
portion of the large particle cake/retentate and the reduced-
sugar filtrate.

[0048] The process may also include producing a reduced-
sugar fruit must without fruit skins by combining at least a
portion of the small particle retentate and the reduced-sugar
filtrate.

[0049] The process may further include producing a
reduced-sugar fruit product by including at least a portion of
the reduced-sugar filtrate and a diluent.

BRIEF DESCRIPTION OF THE FIGURES

[0050] The various features and advantages of the non-
limiting embodiments herein may become more apparent
upon review of the detailed description in conjunction with
the accompanying drawings. The accompanying drawings
are merely provided for illustrative purposes and should not
be interpreted to limit the scope of the claims. The accom-
panying drawings are not to be considered as drawn to scale
unless explicitly noted. For purposes of clarity, various
dimensions of the drawings may have been exaggerated.
[0051] FIG. 1 is a process flow diagram of a sugar
reduction process, including a ligand chromatographic pro-
cess, according to an example embodiment.

[0052] FIG. 2 is a process flow diagram of a sugar
reduction process, including a size exclusion chromato-
graphic process, according to an example embodiment.

DETAILED DESCRIPTION

[0053] Some detailed example embodiments are disclosed
herein. However, specific structural and functional details
disclosed herein are merely representative for purposes of
describing example embodiments. Example embodiments
may, however, be embodied in many alternate forms and
should not be construed as limited to only the example
embodiments set forth herein.

[0054] Accordingly, while example embodiments are
capable of various modifications and alternative forms,
example embodiments thereof are shown by way of example
in the drawings and will herein be described in detail. It
should be understood, however, that there is no intent to
limit example embodiments to the particular forms dis-
closed, but to the contrary, example embodiments are to
cover all modifications, equivalents, and alternatives
thereof. Like numbers refer to like elements throughout the
description of the figures.

[0055] It should be understood that when an element or
layer is referred to as being “on,” “connected to,” “coupled
to,” “attached to,” “adjacent to,” “covering,” etc. another
element or layer, it may be directly on, connected to, coupled
to, attached to, adjacent to, covering, etc. the other element
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or layer or intervening elements or layers may be present. In
contrast, when an element is referred to as being “directly
on,” “directly connected to,” “directly coupled to,” etc.
another element or layer, there are no intervening elements
or layers present. Like numbers refer to like elements
throughout the specification. As used herein, the term “and/
or” includes any and all combinations or sub-combinations
of one or more of the associated listed items.

[0056] It should be understood that, although the terms
first, second, third, etc. may be used herein to describe
various elements, regions, layers and/or sections, these ele-
ments, regions, layers, and/or sections should not be limited
by these terms. These terms are only used to distinguish one
element, region, layer, or section from another region, layer,
or section. Thus, a first element, region, layer, or section
discussed below could be termed a second element, region,
layer, or section without departing from the teachings of
example embodiments.

[0057] Spatially relative terms (e.g., “beneath,” “below,”
“lower,” “above,” “upper,” and the like) may be used herein
for ease of description to describe one element or feature’s
relationship to another element(s) or feature(s) as illustrated
in the figures. It should be understood that the spatially
relative terms are intended to encompass different orienta-
tions of the device in use or operation in addition to the
orientation depicted in the figures. For example, if the device
in the figures is turned over, elements described as “below”
or “beneath” other elements or features would then be
oriented “above” the other elements or features. Thus, the
term “below” may encompass both an orientation of above
and below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

[0058] The terminology used herein is for the purpose of
describing various example embodiments only and is not
intended to be limiting of example embodiments. As used
herein, the singular forms “a,” “an,” and “the” are intended
to include the plural forms as well, unless the context clearly
indicates otherwise. It will be further understood that the
terms “includes,” “including,” “comprises,” and/or “com-
prising,” when used in this specification, specify the pres-
ence of stated features, integers, steps, operations, and/or
elements, but do not preclude the presence or addition of one
or more other features, integers, steps, operations, elements,
and/or groups thereof.

[0059] When the terms “about” or “substantially” are used
in this specification in connection with a numerical value, it
is intended that the associated numerical value includes a
manufacturing or operational tolerance (e.g., +10%) around
the stated numerical value. Moreover, when the terms “gen-
erally” or “substantially” are used in connection with geo-
metric shapes, it is intended that precision of the geometric
shape is not required but that latitude for the shape is within
the scope of the disclosure. Furthermore, regardless of
whether numerical values or shapes are modified as “about,”
“generally,” or “substantially,” it will be understood that
these values and shapes should be construed as including a
manufacturing or operational tolerance (e.g., +10%) around
the stated numerical values or shapes.

[0060] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which example embodiments belong. It will be further
understood that terms, including those defined in commonly
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used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the
relevant art and will not be interpreted in an idealized or
overly formal sense unless expressly so defined herein.

[0061] The innovative process described below includes a
closed-loop operation that manages the fractionation, reduc-
tion of native sugars, and recombination of native fruit
fractions in the production of a reduced-sugar fruit juice or
reduced-sugar fruit must. The unique process is advanta-
geous to other processes that dilute the juice with water, uses
non-native ingredients or ingredients from unknown sources
to produce a reduced-sugar fruit juice. The closed-loop
process allows for the recombination of reduced-sugar fruit
juice fractions from the same fruit (native) to produce a
reduced-sugar fruit juice or reduced-sugar fruit must.

[0062] A closed-loop process in combination with the
recombination of native reduced-sugar fruit juice fractions
would facilitate a petition with the USDA to label the
reduced-sugar fruit juice beverage as 100% juice.

[0063] Since the standard identity for fruit juice is based
on Brix and the innovative process partially removes some
of the native sugars, it is necessary to use an internal
non-sugar compound or external compound to standardize
the non-sugar solids. The internal standard includes but not
limited to native minerals (e.g., potassium, magnesium,
etc.), pigments (e.g., B-carotene, anthocyanin, etc.), or vita-
mins.

[0064] Fruits including but not limited to oranges, tanger-
ines, grapefruit, grapes, apples, pineapple, prunes, peaches,
cherry, etc. are squeezed, pressed, extracted, crushed, mac-
erated, etc. to remove the juice from the whole fruit. The
crushed fruits can be identified as fruit slurry, crushed fruit,
fruit puree, fruit must, fruit juice, etc. and contains at least
one of juice, peel, pith, skin, rind, fruit pieces, stems, leaves,
and seeds. The fruit slurry is passed through a large particle
separator to separate the large particle cake/retentate from
the large particle filtrate. The large particle cake/retentate
includes at least one of fruit peel, rind, skins, seeds, large
fruit pieces, and seeds. The large particle filtrate includes at
least one of fruit juice (water, sugars, minerals, vitamins,
color, pulp, flavor, pectin, oils, beneficial compounds, etc.),
pectin, and fruit pieces. The large particle separator employs
a screen or similar mechanical device, including at least one
of a screen, sieve, filter, plate and plate filter with filter pads,
filter cartridge, screw/screen, filter press, filter bag, press/
screen, filter cartridge, centrifuge or other filter processes.
The selection of the particle separator is dependent on the
type of juice and particulate size and concentration. The
screen would have target openings of 10 um to 10 mm and
a range 0f 0.0001 um to 20 mm. Clear fruit juices (fruit juice
without pulp) would use a screen with smaller openings to
remove most of the fruit particles. Fruit juices with pulp
would use a screen with larger openings to remove the rind,
skins, seeds, etc. but allows for the passing of some of the
pulp.

[0065] Grape, apple, peach, and other clear fruit juices use
a screen with an optimal opening of about 1 um to 5 mm and
a range of 0.0001 um to 20 mm. Orange juice, other citrus
juices, or pulp containing juices would use a first particle
separator with a screen with an optimal opening of about 100
um to 7 mm and a range of 0.0001 to 20 mm. A scraper is
used to improve the particle separation process. The screen
is made of metal, polymer, or organic components.
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[0066] The large particle filtrate is passed through a
medium particle separator to separate the medium particle
cake/retentate from the medium particle filtrate. Commercial
fruit juice or fruit juice concentrate without large particles
could also be used. The medium particle cake/retentate
includes at least one of pulp, small fruit pieces, peel, skin,
etc. The medium particle filtrate includes at least one of fruit
juice (water, sugars, color, pulp, flavor, pectin, ions, vita-
mins, flavor oils, beneficial compounds, etc.) and fruit
pieces. The medium particle separator is similar to the large
particle separator, but it is designed to remove the smaller
suspended particles. It would employ a screen or similar
mechanical device, including at least one of a screen, sieve,
filter, plate and plate filter with filter pads, filter cartridge,
screw/screen, filter press, press/screen, filter bag, filter car-
tridge, centrifuge, membrane or other filter processes. A
variety of filtration processes can be used to remove the
medium suspended particles with similar results. The second
particle separator is dependent on the type of juice and
particulate size and concentration. The screen would have
target openings of 1 um to 3 mm and a range of 0.0001 um
to 20 mm. Grape, apple, and other clear juices use a screen
with an optimal opening of about 1 um to 1 mm and a range
010.0001 um to 20 mm. Orange juice and other fruit juices
containing juices use a screen with an optimal opening of
about 10 um to 1 mm and a range of 0.0001 um to 20 mm.
A scraper is used to improve the particle separation process.
The screen is made of metal, polymer, or organic compo-
nents.

[0067] Orange juice with pulp (without large particles) can
also be used as an initial juice. A single combined separator
(combines large and medium separators) can used since the
large particles were already removed from the orange juice
or orange juice concentrate.

[0068] The pulp should remain in their native form. Once
the pulp and fruit pieces are mechanically or enzymatically
processed, thereby reducing their size, the efficiency of the
separation process may be reduced. Smaller partials may
clog the opening in the particle separators.

[0069] Some fruit slurries (e.g., grape, apple, cranberry,
grape must, etc.) can use a single particle separator to
remove the large and medium particles in a single (medium
particle filtration) processor medium and small particles in a
single (small particle filtration) process.

[0070] The medium particle filtrate is passed through a
small particle separator (e.g., nanofiltration, ultrafiltration,
or other filtration processes) to separate the small particle
retentate from the small particle filtrate. A commercial clear
fruit juice or fruit juice concentrate, without large and
medium particles, could also be used. The small particle
retentate contains small particles including but not limited to
small fruit pieces, pulp, pith, colors, skin, pectin, flavor oils,
beneficial compounds, etc. The small particle filtrate
includes but not limited to sugars (e.g., glucose, fructose,
and sucrose), minerals (ions), vitamins, and other small
molecular weight compounds. The small particle separator
has optimal openings of 0.010 um to 1 mm and a range of
0.0001 urn to 20 mm. The small particle separator should be
selected so that most of the sugars pass through the small
particle separator while partially retaining the non-sugar
solids. The small particle separator cutoff should be close to
the molecular weight of the largest target components while
still having a good separation of the other components and
flow rate. If the flow rate is too slow, it would negatively
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impact the financial viability of the innovative process.
Orange juice contains sucrose, fructose, and glucose. Grape
juice contains fructose and glucose. The small particle
separation process is more efficient when the citrus pulp and
fruit pieces are in their native form and before they are
mechanically (e.g., homogenized) or enzymatically treated
since the smaller citrus pulp and pieces may clog the small
particle separator and reduce the small particle separation
efficiency. As a result, orange juice containing processed
pulp may require a small particle separator with larger
openings.

[0071] The small particle filtrate is passed through either
a ligand chromatography or size exclusion chromatography
to partially separate the native sugars from the non-sugar
low molecular weight compounds.

[0072] The removal of the small MW particles (small
particle retentate) and suspended compounds during the
small particle separation process is needed to reduce the
removal of beneficial compounds electrostatic attraction
(absorption) of the native beneficial compounds (e.g., antho-
cyanins, resveratrol, antioxidants), and other beneficial com-
pounds) by the resin beads and reduce the loss of benefited
compounds being entrapped by pores in the resin beads. The
removal of the small molecular weight compounds from the
small particle filtrate results in the concentration of the sugar
solids, tighter MW range in the small MW filtrate, and
reduce the viscosity. The removal of the small molecular
weight compounds also allows the column to operate at a
lower temperature, lower head pressure, extended regenera-
tion period, improved operational efficiency, a more com-
pact column length, and improved sugar separation process
efficiency. The column would also have less fouling, result-
ing in a small particle separator selection closer to the largest
MW target while still having good throughput.

[0073] The small particle filtrate containing at least one
sugar (e.g., fructose, glucose, or sucrose), (ions) minerals,
vitamins, and small molecular compounds are passed
through the ligand chromatography column to partially
separate the small molecular weight compounds from the
sugars. The column contains a cation exchange resin in the
calcium form, which is capable of partially separating the
ion and small molecular weight compounds from the sugars.
As the juice passes through the column, calcium ions,
having a very weak attraction for the sugars, slow their flow,
and separate the sugar molecules and non-sugar solids. The
sugars are not bound, absorbed, or adsorbed to the calcium
ions. By adjusting the cutoff point, it is possible to produce
a reduced-sugar filtrate with different sugar (Brix) content.
The sugar stream can be concentrated (e.g., RO, heat, or
vacuum) or added to other products to increase the natural
sugar (Brix) content of the beverage.

[0074] Cations (e.g., calcium, potassium, magnesium,
manganese, etc.), chelator (e.g., ethylenediaminetetraacetic
acid (EDTA), ascorbic acid, etc.) and/or other compounds
can be added to one of the fruit juice stream (e.g., small
particle filtrate, etc.) to improve the chromatographic or
filtration separation process. Cations inhibit the calcium
disassociation from the resin beads, and chelators bind to the
free ions, reducing their concentration and/or making them
less reactive. By chelating the free ions, they are no longer
able to dissociate the calcium from the resin-calcium com-
plex, thus protecting the calcium-resin complex.

[0075] By coupling a single or multiple ligand chromato-
graphic columns with a simulated moving bed process, it is
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possible to design and implement a very efficient inline and
automated process. From a manufacturer’s perspective, the
process is very efficient with minimal operational or finan-
cial impacts. Water is removed from the reduced-sugar
filtrate or sugar stream by RO, heat, or vacuum.

[0076] The small particle filtrate containing at least one
sugar (e.g., fructose, glucose, or sucrose), ions, and small
molecular compounds is passed through a size exclusion
column to separate the ion from the sugars and small
molecular compounds. Size exclusion chromatography
separates compounds based on the size as they travel
through a column of spherical porous resin beads. As the
juice passes through the column, small components (e.g.,
ions potassium—39 Daltons and magnesium—24 Daltons)
and small components enter the pores in the resins, while the
sugars (sucrose—342 Daltons, fructose—180 Daltons, and
glucose—180 Daltons) and the large molecular weights
compounds are unable to enter the resin beads; as a result,
they are excluded from the resin beads and stay within the
mobile phase. Since the ions take longer to travel through
the column, the ions are separated from the larger molecular
weight compound (e.g., sugars). By adjusting the fraction
cut point, it is possible to produced reduced-sugar filtrate
with different Brix. The sugar stream can be added to other
products to increase the natural sugar (Brix) content of the
beverage.

[0077] Resin beads are selected for their bead sizes, poros-
ity, pore size, column head pressure, column height, com-
position, etc. to efficiently fractionate the sugars and other
small molecular weight components from the ions.

[0078] Reverse osmosis, heat, vacuum, or some other
process may be used to remove water from at least one of the
juice streams. The juice stream includes but it is not limited
to the small particle retentate, reduced-sugar filtrate, sugar,
or finished reduced sugar fruit must, reduced reduced-sugar
fruit juice fraction or reduced-sugar fruit juice beverage
(with or without pulp) or reduced-sugar fruit must (with or
without fruit skins).

[0079] By coupling a single or multiple ion exclusion
chromatographic columns with a simulated moving bed
process, it is possible to design and implement a very
efficient inline and automated process. From a manufactur-
er’s perspective, the process is very efficient with minimal
operational or financial impacts.

[0080] There is a consumer market for reduced-sugar fruit
juice beverages with similar nutritional benefits and sensory
properties of 100% fruit juice, but with reduced-sugars. It
would include but not limited to orange juice, Concord grape
juice, white grape juice, apple juice, pineapple juice, etc.
There is also a growing market for reduced calorie red, rose,
white wines, and wine containing beverages. By combining
different fractions from the innovative process, it is possible
to produce several different products, including reduced-
sugar fruit juice without pulp, (e.g., grape juice, apple juice),
reduced-sugar fruit juice must with fruit skins, (e.g., red or
rose grape must), reduced-sugar fruit juice must without
fruit skins, (e.g., white grape must), reduced-sugar fruit juice
with pulp, (e.g., orange juice), and other reduced-sugar fruit
juice products.

[0081] Reduced-sugar grape, apple, pear, pineapple, and
other non-pulp containing fruit juice beverages are produced
by combining at least a portion of the small particle retentate
and the reduced-sugar filtrate (produced by ligand and/or
size exclusion chromatography) or by combining at least a
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portion of the reduced-sugar filtrate and a diluent (e.g.,
water, fruit or vegetable juice). An internal standard (e.g.,
potassium, anthocyanin, etc.) or external (added) standard is
used to adjust the non-sugar juice solids. With a partial
removal of the sugars from the juice stream, a diluent
adjustment (addition or removal) may be needed to maintain
the concentrations of the non-sugar solids vs. 100% grape
juice. The diluent would primarily be water, but other
low-calorie liquid could be used. For example, diluents
would include water, fruit or vegetable juice, low-calorie
fruit or vegetable juices, coconut water, etc. Water could be
removed from the fruit juice fractions or reduced-sugar fruit
juice beverage by RO or heating. A high-intensity sweetener
could be added to the beverage to add sweetness without
adding calories. The juice could be supplemented with
flavors, minerals, vitamins, probiotics, hydrocolloid (add
mouthfeel), beneficial compounds, or other compounds.

[0082] Reduced-sugar grape must with skins is produced
by combining at least a portion of the large particle cake/
retentate, medium particle cake retentate, small particle
retentate, and the reduced-sugar filtrate (produced by ligand
and/or size exclusion chromatography or by combining at
least a portion of the large particle cake/retentate and
reduced-sugar filtrate.

[0083] Reduced-sugar grape must without skins is pro-
duced by combining at least a portion of the small particle
retentate and the reduced-sugar filtrate (produced by ligand
and/or size exclusion chromatography) or by combining at
least a portion of the reduced-sugar filtrate and a diluent. An
internal standard, including pigments (e.g., anthocyanin,
B-Carotene, etc.), minerals (e.g., potassium, magnesium,
etc.), some other internal compound, or an external (added)
standard, is used to adjust the concentration of the non-sugar
juice solids. With a partial removal of the sugars from the
juice stream, a diluent adjustment (addition or removal) may
be needed to maintain the concentrations of the non-sugar
solids vs. 100% grape must. The diluent would primarily be
water, but fruit or vegetable juices or low-sugar liquids could
be used. RO could be used to remove water from the grape
must fraction or reduced-sugar grape must. A high-intensity
sweetener could be added to the wine beverage to add
sweetness without adding calories. The grape must can
contain a flavor, hydrocolloid, or other ingredients to add
mouthfeel or improve other sensory characteristics.

[0084] Reduced-sugar orange juice or other pulp/particle-
containing beverages/ingredients are produced by combin-
ing at least a portion of the medium particle cake/retentate,
small particle retentate, and the reduced-sugar filtrate (pro-
duced by ligand and/or size exclusion chromatography) or
by combining at least a portion of the medium particle
cake/retentate and the reduced-sugar filtrate. The reduced
sugar juices (with or without pulp) could also contain a
diluent. By adjusting the amount of the medium particle
cake/retentate in the reduced sugar juice beverage, it is
possible to produce reduced-sugar orange juice beverages
with different pulp concentrations from pulp-free to high-
pulp. The pulp can also be ground into smaller pieces to
increase the suspension properties of the pulp in the
reduced-sugar orange juice beverage. An internal standard,
including pigments (e.g., B-Carotene, anthocyanin, etc.),
minerals (e.g., potassium, magnesium, etc.), some other
internal compound, or an external (added) standard, is used
to adjust the concentration of the non-sugar juice solids.
With a partial removal of the sugars from the juice stream,
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a diluent adjustment (addition or removal) may be needed to
maintain the concentrations of the non-sugar solids vs.
100% orange juice. The diluent would primarily be water,
but other low-calorie liquid could be used. For example,
diluents would include water, low-calorie fruit or vegetable
juices, coconut water, etc. Water could be removed from the
fruit juice fractions or reduced-sugar fruit juice beverage by
RO or heating. A high-intensity sweetener could be added to
the beverage to add sweetness without adding calories. The
juice could be supplemented with flavors, minerals, vita-
mins, probiotics, hydrocolloids (add mouthfeel), beneficial
compounds, or other compounds to improve the beverage.

EXAMPLES

Objective

[0085] The following examples show how the present
process is practiced, but they should not be construed as
limiting. In this application, all units are in the metric
system, and all amounts and percentages are by weight,
unless otherwise expressly indicated.

[0086] The present invention describes a closed-loop pro-
cess for the production of a reduced-sugar fruit juice and
reduced-sugar fruit must that has a similar non-caloric
nutritional composition but with reduced-sugars as com-
pared with 100% fruit juice or fruit must. The invention
shows a closed-loop process that fractionates fruit slurry,
partially removes the native sugars, and then recombines
some or all of the fractions to produce a reduced-sugar fruit
juice containing pulp, reduced-sugar fruit juice without pulp,
reduced-sugar fruit must with skins, reduced-sugar fruit
must without skins, and other reduced-sugar fruit juice
products. The closed-loop process allows for the mass
balance of native juice fractions in the production of
reduced-sugar fruit juice products. All of the juice fractions
originate from the incoming juice, and the primary ingredi-
ents (i.e., pulp) do not come from an external source. A
reduced-sugar fruit juice beverage or fruit must may also
contain at least one high-intensity sweetener, natural and/or
artificial flavor, hydrocolloid, and water (increased or
reduced as needed). Additional non-native ingredients (e.g.,
vitamins, minerals, probiotics, etc.) may be added to supple-
ment the beverage. Sugars are reduced by 1-99% (wt./wt.),
but with optimum sugar reductions in the range of 30-80%
(wt./wt.).

Experimental Procedure

[0087] Reduced-Sugar Grape Juice Beverage

[0088] The purple grape juice (100%) control sample is
prepared by squeezing fresh purple grapes and separating
the large and medium particles (large and medium particle
cake/retentate) from the grape juice slurry. The juice slurry
is filtered through filter paper. The filtrate is used as the
control sample. The 100% grape juice control sample has a
Brix of about 16.2° at about 45° F.

[0089] Fresh purple grapes are manually crushed to
release the fruit juice from the whole fruit. The crushed
grapes are identified as grape juice slurry, crushed grapes,
grape must, etc. The grape slurry is placed on a large particle
separator (sieve) to separate the large particles (large particle
cake/retentate) from grape juice (large particle filtrate). The
sieve (#200) has 75 um openings (range of 1 um to 5 mm
openings). A large flat disk is placed on top of the grape juice
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slurry and pressure is applied to removes as much juice as
possible. A paddle scrapper is employed to improve the
filtration process. The large particle cake/retentate contains
grape skins, seeds, and large fruit pieces. The large particle
filtrate contains grape juice (water, sugars (fructose, glucose,
and a trace amount of sucrose), minerals (ions), vitamins,
pigments (e.g., anthocyanins), beneficial compounds, grape
particles, pectin, fiber, and other compounds. The large
particle filtrate has a Brix of 16.2° at 45 F.

[0090] The purple grape large particle filtrate is passed
through a medium particle separator (sieve) to separate the
medium particles (medium particle cake/retentate) from the
grape juice without medium particles (medium particle
filtrate). The sieve (#270) has 53 um openings (range of 1
um to 1 mm openings). A large flat disk is placed on top of
the grape large particle cake/retentate and pressure is applied
to removes as much juice as possible. A paddle scrapper is
employed to improve the filtration process. The medium
particle cake/retentate contains medium suspended particles,
including grape skins, fiber, and small fruit pieces. The
medium particle filtrate contains grape juice (water, sugars
(fructose, glucose, and a trace amount of sucrose), minerals
(ions), vitamins, pigments (anthocyanins), beneficial com-
pounds, small grape particles, pectin, fiber, and other com-
pounds. The more suspended particles removed from the
large particle filtrate will result in a more efficient small
particle separation process.

[0091] The purple grape medium particle filtrate is passed
through a small particle separator (nanofiltration membrane)
to separate the small particle retentate from the small
particle filtrate. The nanofiltration membrane process used a
Millipore Pro-Lab membrane filtration system with a mem-
brane cartridge having a molecular weight cutoff of about
500. A membrane with a range of 50 to 50,000 MW can be
used to separate the small particle filtrate. Depending on a
number of product and process variables, the small particle
separator could use different filtration equipment and pore
sizes. The small particle retentate contains small molecular
weight compounds, including fruit pieces, fiber, pectin,
pigments (anthocyanins), beneficial compounds, and other
small particles. The small particle filtrate contains sugars
(fructose and glucose), minerals (ions), vitamins, and other
small molecular weight compounds.

[0092] The objective of the small particle separation pro-
cess 1s to pass most of the sugars through the small particle
separator while retaining some of the small particles (pulp,
pectin, fiber, etc.), pigments (anthocyanins), beneficial com-
pounds, and other suspended compounds in the small par-
ticle retentate. The small particle retentate can be combined
with the medium particle filtrate or other juice streams
(recycled) to remove additional sugars.

[0093] The purple grape small particle filtrate is passed
through either a ligand-calcium chromatography column or
size exclusion chromatography column to partially separate
the sugars from the other compounds.

[0094] The removal of the small particles, including the
beneficial compounds, from the medium particle filtrate, is
designed to reduce the compounds being absorbed (electro-
static), adsorbed, entrapped or entangled within the resin and
removed from the juice stream.

[0095] The purple grape small particle filtrate is passed
through a ligand-calcium chromatography column to par-
tially separate the sugars from the reduced sugar small
particle filtrate. A 2.5 cmx5 cm column containing Dowex®
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Monosphere® 99CA/320 Separation Resin (cation
exchange resin) with a flow rate of 10 mls per minute is used
to partially separate the sugars from the reduced sugar
filtrate. The cation exchange resin is in the calcium-resin
form. The sugar stream contains water, fructose, glucose,
and other small molecular weight compounds. The reduced-
sugar filtrate contains water, fructose, glucose, minerals
(ions), vitamins, pectin, pigments (anthocyanins), acids,
flavor compounds, aroma compounds, beneficial com-
pounds, and other small molecular weight compounds.
[0096] By adjusting the cutoff during the chromatographic
process (ligand), it is possible to produce reduced-sugar
filtrate with different sugar reductions (Brix).

[0097] Water is removed from the reduced-sugar filtrate
and sugar stream by RO. Anthocyanin concentration is used
as an internal standard to adjust the non-sugar grape juice
solids.

[0098] Anthocyanins were found to electrostatically
attract (Van Der Wall force) to the resin beads and were
removed from the small particle filtrate. It is beneficial to
retain some of the anthocyanins and other beneficial com-
pounds in the small particle retentate. As the anthocyanins
were absorbed by the resin, the efficiency of the separation
process was reduced.

[0099] By coupling the ligand (calcium) exchange chro-
matography with a simulated moving bed, it is possible to
set up as an inline and automated process. From a manu-
facturer’s perspective, the process is very efficient with
minimal operational or financial impacts.

[0100] The purple grape small particle filtrate is passed
through a size exclusion chromatography column to separate
the ions and smaller compounds (reduced-sugar filtrate)
from the sugars and other small molecular weight com-
pounds (sugars). A 3 cmx5 cm size exclusion column
containing Sephadex G-10 resin with a molecular mass
separation of 0-700 MW (range 0 to 50,000 MW) and a flow
rate of 13 mls per minute is used to separate the small
particle filtrate. The reduced-sugar filtrate primarily contains
water minerals (ions), vitamins, smaller MW compounds,
etc. The sugars stream contains water, sugars (glucose,
fructose), and other small molecular weight components.
[0101] By adjusting the cutoff during the chromatographic
process (size exclusion), it is possible to produce reduced-
sugar grape juice or grape must with different sugar reduc-
tions (Brix).

[0102] Water is removed from the reduced-sugar filtrate
and sugar streams by RO but could also be removed from
other fruit juice streams or the finished fruit juice product.
The anthocyanin concentration is used as an internal stan-
dard to adjust the non-sugar grape juice solids.

[0103] By coupling the chromatographic process (size
exclusion) with a simulated moving bed, it is possible to
design an inline and automated process that may not require
a RO process. In addition, the process would be very
efficient, flexible, and cost-effective.

[0104] The reduced-sugar (grape) juice beverage without
pulp (e.g., grape, apple, pear, clarified orange, etc.) is
produced by combining at least a portion of the small
particle retentate, reduced-sugar filtrate (produced by ligand
and/or size exclusion chromatography), sucralose-high-in-
tensity sweetener (optional), and water adjusted to bring to
100% (adjusted as needed). Anthocyanin concentration is
used as an internal standard to adjust the non-sugar com-
pounds. The reduced-sugar filtrate is subjected to RO to
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remove water; however, if a simulated bed, with a single or
multiple columns, were employed, a RO step may not be
needed. If juice concentrate is used, the addition of water
may be needed.

[0105] The reduced-sugar grape juice beverage with 30%
(wt./wt.) reduction (Brix of about 11.4° and 0.1190 Kg
solids/liter) to 80% (wt./wt.) reduction (Brix of about 3.3°
and 0.0340 Kg solids/liter) also contains significant amounts
of'beneficial compounds per 8 ounces serving. Below are the
ingredient statement and information for reduced-sugar
grape juice beverage.

[0106] Ingredients: Grape juice, water, sucralose or Grape
juice from concentrate (filtered water, grape juice concen-
trate), sucralose

[0107] Nutrition Facts—Service Size 8 oz (240 ml)
[0108] Calories 28-98, Fat 0 g, Cholesterol 0 g, Sodium 0
mg, Total Sugars 7-24.5 g, Protein <1 g. Calcium 2%,
Potassium 98 mg, Not a significant source of Dietary Fiber,
Vitamin A, or Iron.

[0109] The 50% reduced-sugar grape juice beverage had a
Brix of about 8.3°, similar flavor, aroma, taste, color, sweet-
ness intensity, and appearance to 100% grape Juice. The
beverage has a thinner mouthfeel vs. control and slightly
different sweetness profile. The thinner mouthfeel is due to
the removal of 50% of the sugars. The different sweetness
profile is due to the removal of 50% of sugars and the
addition of sucralose.

[0110] Reduced-Sugar Red Grape Must

[0111] The reduced-sugar grape must with skins (e.g., red
or blush grape must) is produced by combining at least a
portion of the small particle retentate and the reduced-sugar
filtrate (produced by ligand and/or size exclusion chroma-
tography. The grape must also contain a portion of the large
particle cake/retentate and/or medium particle cake reten-
tate, a high-intensity sweetener (optional), and water adjust-
ment to bring to 100% (optional). It is not necessary to add
all of the large particle cake/retentate and/or medium par-
ticle cake retentate to the grape must. A single particle
separator can be used to remove the large particle cake/
retentate and medium particle cake/retentate in a single
operational step.

[0112] Reduced-Sugar White Grape Must

[0113] The reduced-sugar (white) grape must, without
skins (e.g., white grape must) is produced by combining at
least a portion of the small particle retentate, reduced-sugar
filtrate (ligand exchange or size exclusion), a high-intensity
sweetener (optional), and water adjusted to bring to 100%
(optional). Since the large particle cakes/retentate and
medium particle cakes/retentate are not returned to the white
grape must, a single particle separation process can be used
to remove the large and medium particles or medium and
small particles.

[0114] Reduced-Sugar Orange Juice Beverage

[0115] The orange juice (100%) control sample is pre-
pared by squeezing fresh oranges and passing the juice
through a sieve with 2 mm openings to remove the rind,
peel, seeds, fruit pieces, and pith. The 100% orange juice
with pulp control sample has a corrected Brix of about 11.9°
at about 45° F.

[0116] Orange juice is produced by squeezing juice from
fresh oranges. The orange juice slurry is passed through the
large particle separator (sieve) to remove the large particles
(large particle cake/retentate) from the juice (large particle
filtrate). The sieve (#10) has 2 mm openings (range of 100
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um to 7 mm openings). A large flat disk is placed on top of
the orange juice slurry and pressure is evenly applied. The
pressure is maintained to removes as much juice as possible.
A paddle scrapper is employed to improve the filtration
process. The large particle cake/retentate contains orange
peel, fruit pith, seeds, and large orange particles. The large
particle filtrate contains orange juice (water, sugars (sucrose,
glucose, and fructose), minerals (ions), vitamins, colors,
acids, fiber, flavors, pectin, pulp, and small orange particles.
The large particle filtrate has a corrected Brix of 11.9° at 45
F.

[0117] The orange juice large particle filtrate is passed
through a medium particle separator (sieve) to separate the
medium particles (medium particle cake/retentate) from the
juice without medium particles (medium particle filtrate). A
sieve (#270) with 53 um openings (range of 1 um to 1 mm
openings) is used to remove the medium particles. The large
particle filtrate is pressed with a large flat disk to removes as
much juice as possible. A paddle scrapper is used to improve
the filtration process. The medium particle cake/retentate
contains pulp, medium fruit pieces, fiber, and other medium
particles. The medium particle filtrate contains orange juice
(water, sugars (sucrose, glucose, and fructose), minerals
(ions), vitamins, colors, acids, beneficial compounds, fla-
vors, pectin, pulp), and small orange particles. The more
suspended particles removed from the large particle filtrate
will result in a more efficient small particle separation
process.

[0118] The orange juice medium particle filtrate is passed
through a small particle separator (nanofiltration membrane)
to separate small particle retentate from the small particle
filtrate. The small particle separation process used a Mil-
lipore Pro-Lab membrane filtration system with a membrane
cartridge having a molecular weight cutoff of about 750. A
membrane with a range of 50 to 50,000 MW can be used to
separate the small particles. The small particle retentate
contains the small molecular weight compounds, including
pulp, pectin, flavor, color, beneficial compounds, sugars
(sucrose, glucose, and fructose), etc. The small particle
filtrate contains sugars (sucrose, fructose, and glucose),
minerals (ions), vitamins, and other smaller molecular
weight compounds. The more complete the removal of the
small particles from the medium particle filtrate stream will
facilitate a more efficient chromatographic process. The
small particle retentate can be combined with the medium
particle filtrate or other juice streams (recycled) to remove
additional sugars.

[0119] The orange juice small particle filtrate is passed
through either a ligand—calcium chromatography column
or size exclusion column to partially separate the sugars
from the other compounds.

[0120] The removal of the small particles, including some
of the beneficial compounds, from the medium particle
filtrate, is designed to reduce the compounds being absorbed
(electrostatic), adsorbed, entrapped or entangled within the
resin and removed from the juice stream.

[0121] The orange juice small particle filtrate is passed
through a cation (ligand) exchange chromatography column
to partially separate the sugars from the reduced-sugar
filtrate. A 2.5 cmx10.0 cm column of Dowex® Mono-
sphere® 99CA/320 separation resin with a flow rate of 10
mls per minute as used to separate the small particle filtrate.
The cation exchange resin is in the calcium-resin form. The
sugar stream contained water, sucrose, fructose, glucose,
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and other small molecular weight compounds. The reduced-
sugar filtrate contains water, minerals (ions), colors (B-caro-
tene), vitamins, acids, flavor compounds, aroma compounds,
beneficial compounds, sugars (sucrose, fructose, and glu-
cose), and other small MW compounds.

[0122] By adjusting the cutoff during the chromatographic
process, it is possible to produced reduced-sugar orange
juice with different sugar concentrations (Brix).

[0123] Water is removed from the reduced-sugar filtrate
and sugar stream by RO. B-Carotene concentration is used
as an internal standard to adjust the non-sugar orange juice
solids.

[0124] By coupling the ligand (calcium) exchange chro-
matography with a simulated moving bed, it is possible to
set up as an inline and automated process. From a manu-
facturer’s perspective, the process is very efficient with
minimal operational or financial impacts.

[0125] The orange juice small particle filtrate is passed
through a size exclusion chromatography column to separate
the ions and smaller compounds (reduced-sugar filtrate)
from the sugars and other small molecular weight com-
pounds (sugars). A 3 cmx5 cm size exclusion column
containing Sephadex G-15 resin with a molecular mass
separation of 0-1500 MW (range 0 to 50,000 MW) and a
flow rate of 13 mls per minute is used to separate the ions
and smaller compounds from the sugars and small molecular
weight compounds. The reduced-sugar filtrate primarily
contained minerals (ions) and smaller MW compounds. The
sugars stream contains sugars (glucose, fructose) and other
small molecular weight components.

[0126] By adjusting the cutoff during the chromatographic
process, it is possible to produced reduced-sugar orange
juice with different sugar concentrations (Brix). Water is
removed from the reduced-sugar filtrate or other fruit juice
streams by RO.

[0127] By coupling the size-exclusion chromatography
with a simulated moving bed, it is possible to set up as an
inline and automated process that may not require an RO
process.

[0128] The reduced-sugar (orange) juice beverage with
pulp (e.g., orange, pineapple, tangerine, grapefruit, etc.) is
produced by combining at least a portion of the small
particle retentate and the reduced-sugar filtrate (produced by
ligand and/or size exclusion chromatography and at least a
portion of the medium particle cake/retentate and/or small
particle cake retentate, sucralose-high-intensity sweetener
(optional), and water adjustment to bring to 100% (op-
tional). It is not necessary to add all of the medium particle
cake/retentate to the beverage. The reduced-sugar orange
juice beverage is standardized by using a color (e.g., Beta
Carotene) as the internal standard, but other internal or
external compounds could be used to standardize the bev-
erage. If juice concentrate is used, the addition of water may
be needed.

[0129] The reduced-sugar orange juice beverage with a
30% reduction (adjusted Brix of about 8.37° and 0.08631 Kg
sugar solids/liter) to 80% reduction (adjusted Brix of about
2.4° and 0.02466 Kg sugar solids/liter) and contains signifi-
cant amounts of beneficial compounds per 8 ounces serving.
Below are the ingredient statement and nutritional informa-
tion for reduced-sugar orange juice beverage.

[0130] Ingredients: Orange juice, water, sucralose or
orange juice from concentrate (filtered water, orange juice
concentrate), sucralose
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[0131] Nutrition Facts—Service Size 8 oz (240 ml)
[0132] Calories 22-77, Fat 0 g, Cholesterol 0 g, Sodium O
mg, Total Sugars 4.4 to 16.1 g, Protein 2 g. Calcium 2%,
Potassium 315 mg, Magnesium 17 mg. Vitamin C 80%. Not
a significant source of Dietary Fiber, Vitamin A, Niacin, or
Iron.

[0133] The reduced-sugar orange juice beverage with
about 50% less sugar has a Brix of about 6.0°, similar flavor,
aroma, taste, color, sweetness intensity, and appearance to
100% grape Juice. The beverage has a slightly thinner
mouthfeel vs. control and different sweetness profile. The
different sweetness profile is due to the partial removal of
sugars and the addition of sucralose.

[0134] The formulations (reduced-sugar fruit juice with or
without pulp, reduced-sugar fruit must with or without skins,
and reduced sugar juice products) in the disclosures can vary
to a certain extent depending on factors including the level
of sugar reduction, market segmentation, desired sensory
and nutritional attributes. Supplements and beverage modi-
fiers include but not limited to juice concentration, vitamins,
minerals, pulp, flavor, taste modifiers, hydrocolloid, process
improvers, and other ingredients that can be added to the
beverage. The beverage or one or more fractions could be
passed through a resin column to remove acids. A person
skilled in the art knows the ingredients, concentrations, or
process needed to achieve the desired results.

CONCLUSION

[0135] The results illustrate the production of a reduced-
sugar fruit juice with pulp, reduced-sugar fruit juice without
pulp, reduced-sugar fruit must with fruit skins, reduced-
sugar fruit must without fruit skins, fruit sugar, and reduced-
sugar fruit products that meet the objectives of the present
invention.

[0136] While the processes and products herein have been
described with reference to various embodiments, those
ordinarily skilled in the art will understand that various
changes may be made, and equivalents may be substituted
for elements thereof without departing from the true spirit of
the scope and essence of the disclosure including combina-
tions of features that are individually disclosed or claimed
herein. In addition, many modifications may be made to
adapt a particular situation or material to the teachings of the
disclosure without departing from the scope thereof. There-
fore, it is intended that the disclosure not be limited to the
particular embodiments disclosed, but that the disclosure
will include all embodiments falling within the scope of the
appended claims. All citations referred herein are expressly
incorporated herein by reference.

1. A process of producing a reduced-sugar fruit juice and
reduced-sugar fruit must, comprising:

passing an initial juice or an initial must of a fruit through
at least one large particle separator to obtain a large
particle cake/retentate and a large particle filtrate, the
large particle cake/retentate having large particles with
a first average size and including at least one of peel,
pith, pulp, skins, seeds, stems, leaves, and fruit pieces;

passing the large particle filtrate through at least one
medium particle separator to obtain a medium particle
cake/retentate and a medium particle filtrate, the
medium particle cake/retentate having medium par-
ticles with a second average size that is smaller than the
first average size of the large particles;
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passing the medium particle filtrate through at least one
small particle separator to obtain a small particle reten-
tate and a small particle filtrate, the small particle
retentate having small particles with a third average
size that is smaller than the second average size of the
medium particles;

passing the small particle filtrate through a chromatogra-
phy column to obtain a sugar stream and a reduced-
sugar filtrate via ligand chromatography or size exclu-
sion chromatography;

producing a reduced-sugar fruit juice with pulp by com-
bining at least a portion of the medium particle cake/
retentate and the reduced-sugar filtrate;

producing a reduced-sugar fruit juice without pulp by
combining at least a portion of the small particle
retentate and the reduced-sugar filtrate;

producing a reduced-sugar fruit must with fruit skins by
combining at least a portion of the large particle cake/
retentate and the reduced-sugar filtrate;

producing a reduced-sugar fruit must without fruit skins
by combining at least a portion of the small particle
retentate and the reduced-sugar filtrate; and

producing a reduced-sugar fruit product by including at
least a portion of the reduced-sugar filtrate and a
diluent.

2. The process of claim 1, wherein the ligand chroma-
tography utilizes cationic exchange resin beads in calcium
form which have calcium ions with a weak attraction for
sugars in the small particle filtrate so as to slow a flow of the
sugars relative to non-sugars in the small particle filtrate to
obtain the sugar stream and the reduced-sugar filtrate.

3. The process of claim 1, wherein the size exclusion
chromatography utilizes porous separation resin beads
which define pores permeable to non-sugars in the small
particle filtrate so as to slow a flow of the non-sugars relative
to sugars in the small particle filtrate to obtain the sugar
stream and the reduced-sugar filtrate.

4. The process of claim 3, wherein the size exclusion
chromatography uses resin with a molecular cutoff from
about 50 to 50,000 Daltons.

5. The process of claim 1, wherein the producing of the
reduced-sugar fruit juice with pulp includes further combin-
ing at least a portion of the small particle retentate.

6. The process of claim 1, wherein the producing of the
reduced-sugar fruit must with fruit skins includes further
combining at least a portion of the medium particle cake/
retentate and/or the small particle retentate.

7. The process of claim 1, wherein the fruit is one or more
of grape, apple, blueberry, prune, plum, orange, pineapple,
tangerine, grapefruit, mango, pear, and mixtures thereof.

8. The process of claim 1, wherein a sugar content of the
initial juice or the initial must is reduced by 10 to 99%
(wt./wt.).

9. The process of claim 1, wherein the reduced-sugar fruit
juice is a reduced-sugar grape juice having at least one of a
Brix between about 3.3° and 11.4° or a kg sugar solids/liter
between about 0.0340 and 0.1190.

10. The process of claim 1, wherein the reduced-sugar
fruit juice is a reduced-sugar grape juice having at least one
of a (native potassium mg per 8 0z):(Brix) ratio greater than
8.60 or a (native potassium mg per 8 oz):(kg sugar solids/
liter) ratio greater than 823.
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11. The process of claim 1, wherein the large particle
cake/retentate includes native fruit skins, and the reduced-
sugar fruit must with skins includes the native fruit skins.

12. The process of claim 1, wherein the reduced-sugar
fruit juice is a reduced-sugar orange juice having at least one
of an adjusted Brix of between about 2.4° and 8.37° or a kg
sugar solids/liter between about 0.02466 and 0.08631.

13. The process of claim 1, wherein the reduced-sugar
fruit juice is a reduced-sugar orange juice having at least one
of a (native potassium mg per 8 0z):(Brix) ratio greater than
37.62 or a (native potassium mg per 8 oz):(kg sugar solids/
liter) ratio greater than 3,650.

14. The process of claim 1, wherein the reduced-sugar
fruit juice is a reduced-sugar orange juice having at least one
of a (native magnesium mg per 8 oz):(Brix) ratio greater
than 2.106 or a (native magnesium mg per 8 o0z):(kg sugar
solids/liter) ratio greater than 204.37.

15. The process of claim 1, wherein the medium particle
cake/retentate includes native pulp, and the producing the
reduced-sugar fruit juice with pulp includes processing the
medium particle cake/retentate to reduce a particle size of
the native pulp to obtain native processed pulp for the
reduced-sugar fruit juice with pulp.

16. The process of claim 1, wherein the medium particle
cake/retentate includes native pulp, and the reduced-sugar
fruit juice with pulp is a reduced-sugar orange juice includ-
ing the native pulp.

17. The process of claim 1, wherein an internal non-sugar
compound or an external compound is used to standardize
non-sugar solids in at least one of the reduced-sugar filtrate,
reduced-sugar fruit juice, the reduced-sugar fruit must, or
the reduced-sugar fruit product.

18. The process of claim 1, wherein the diluent includes
at least one of water, a separately-produced fruit juice, a
vegetable juice, or a low-calorie liquid.

19. The process of claim 1, wherein the large particle
separator uses at least one of a screen, sieve, strainer, filter,
plate and plate filter, filter cartridge, screw, press, pulper,
finisher, or centrifuge.
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20. The process of claim 1, wherein the medium particle
separator uses at least one of a screen, sieve, strainer, filter,
plate and plate filter, filter cartridge, screw, press, pulper,
finisher, or centrifuge.

21. The process of claim 1, wherein the medium particle
separator has openings in the range of 0.0001 um to 20 mm.

22. The process of claim 1, wherein the small particle
separator includes a nanofiltration, ultrafiltration, or a sock
filter.

23. The process of claim 1, wherein the small particle
separator has pore opening from about 0.001 to 0.60 um.

24. The process of claim 1, wherein the large particle
separator and the medium particle separator are combined as
a single initial separator, or the medium particle separator
and the small particle separator are combined as a single
subsequent separator.

25. The process of claim 1, further comprising:

recycling the small particle retentate such that the small

particle retentate is combined with the medium particle
filtrate.

26. The process of claim 1, further comprising:

adding a processing aid to the large particle filtrate, the

medium particle filtrate, or the small particle filtrate
prior to the chromatography column, the processing aid
including one or more of chelators, minerals, com-
pound, or ions selected to improve a chromatographic
separation within the chromatography column.

27. The process of claim 1, wherein the chromatography
column uses a simulated moving bed.

28. The process of claim 1, wherein the chromatography
column is in a form of a single column or a plurality of
columns.

29. The process of claim 1, further comprising:

treating at least one of the reduced-sugar fruit juice, the

reduced-sugar fruit must, or the reduced-sugar fruit
product via one or more of a reduction or supplemen-
tation of a level of a component therein, via dilution, or
via concentration.

30. The process of claim 1, wherein the initial juice is an
orange juice with pulp or an orange juice with pulp con-
centrate.



