US 20140206080A1

a9 United States

a2y Patent Application Publication o) Pub. No.: US 2014/0206080 A1

Trevino et al.

(43) Pub. Date:

Jul. 24, 2014

(54)

(735)

(73)

@
(22)
(86)

(60)

COMPOSITION AND METHOD FOR
DELIVERY OF LIVING CELLS IN A DRY
MODE HAVING A SURFACE LAYER

Inventors: Ramiro Trevino, McKinney, TX (US);
Steven R. Ellis, McKinney, TX (US)

Assignee: Dairy Manufacturers, Inc., Prosper, TX

(US)
Appl. No.: 14/236,387
PCT Filed: Apr. 3,2012
PCT No.: PCT/US2012/031997

§371 (),
(2), (4) Date:  Jan. 31, 2014

Related U.S. Application Data

Provisional application No. 61/471,641, filed on Apr.

4,2011.

D

(52)

&7

Publication Classification

Int. Cl1.

CI2N 5/071 (2006.01)

U.S. CL

CPC i CI2N 5/0602 (2013.01)

USPC i 435/366; 435/325
ABSTRACT

The present invention generally relates to compositions and
methods of delivering living cells in a dry mode, wherein the
compositions include a surface layer disposed on the outer
surface of the composition that is permeable to carbon diox-
ide and oxygen. The compositions may be used to deliver
living cells to a delivery point without the use of expensive
refrigerants such as dry ice or liquid nitrogen.
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COMPOSITION AND METHOD FOR
DELIVERY OF LIVING CELLS IN A DRY
MODE HAVING A SURFACE LAYER

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention generally relates to composi-
tions and methods of delivering living cells in a dry mode.
More specifically, the present invention relates to composi-
tions and methods of delivering living cells in a dry mode
having a surface layer.

[0003] 2. Description of the Related Art

[0004] It is very difficult to deliver various substances in a
dry form. For example, living cells are typically not sustain-
able in a dry, non-frozen state. Normally, these living cells are
freeze dried and then transported with liquid nitrogen to keep
them frozen during transport; however, this leads to increased
costs and difficulties for transporting and handling of the
frozen living cells. Therefore, it would be advantageous to
provide compositions and methods for delivery of living cells
in a dry form that did not require the use of refrigerants such
as liquid nitrogen.

SUMMARY OF THE INVENTION

[0005] The present invention is directed to compositions
and methods that satisfy at least one of these needs. The
present invention relates to compositions having a surface
layer and methods of delivering living cells as part of a com-
position in a dry mode. Exemplary living cells can include
human cells, primary cells, cell lines, immortalized cells,
lymphatic cells, cell tissue, serum, and combinations thereof.
[0006] One embodiment of the invention is a composition
for delivering living cells in a dry mode that contains an inert
carrier substrate having a porous structure, living cells loaded
throughout the pores of the inert carrier substrate, and a
surface layer disposed on the outer surface of the inert carrier
substrate. In one embodiment, the surface layer can be per-
meable, such that the surface layer allows for movement of
certain particles that aid in sustaining and/or propagating new
cell growth of the living cells loaded throughout the inert
carrier substrate. In one embodiment, the surface layer can be
permeable to oxygen and carbon dioxide such that the com-
position is operable to allow for increased propagation of the
living cells within the pores of the inert carrier substrate as
compared to another composition having an absence of the
surface layer. As used herein, propagation refers to the ability
of a substance to reproduce. In one embodiment, the surface
layer is operable to allow for oxygen exchange, nutrient
exchange, respiration, carbon dioxide production and diges-
tion, and enzyme production.

[0007] In one embodiment, the inert carrier substrate is
selected from the group consisting of diatomaceous earth,
walnut and pecan shells, rice hulls, cellulosic clay, montmo-
rillonite clay, bentonite clay, wool, cotton, cellulose, corn
cobs, cellulose shells, precipitated silica, and combinations
thereof. In one embodiment, the inert carrier substrate can be
precipitated silica.

[0008] Inoneembodiment, the surface layer can include an
organic phase. Organic phase as used herein with respect to
the surface layer means a phase that includes any member of
a large class of chemical compounds whose molecules con-
tain carbon. In one embodiment, the organic phase can be
lipids, polysaccharides, fatty acids, or combinations thereof.
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In one embodiment, the fatty acids have between 12 and 20
carbon atoms. In one embodiment, the organic phase can
include nonionic plant-based surfactants. Preferable pant-
based surfactants include, without limitation, polysorbate 20
and polysorbate 80. Additional exemplary surfactants, with-
out limitation, can also include cocamidopropyl betaine,
sodium lauroyl lactylate, capylol, capric glucoside, and com-
binations thereof. In one embodiment, non-ionic surfactants
are preferred.

[0009] In one embodiment, the organic phase can include
fatty acid alcohols, fatty acids, lipids and lethicin. In one
embodiment, the fatty acid alcohols have between 12 and 20
carbon atoms. In one embodiment, the fatty acid alcohols can
include cetearyl alcohol and cetyl ester. In one embodiment,
the fatty acid can be saturated, unsaturated, or a combination
thereof. Exemplary saturated fatty acids, without limitation,
include: palmitic acid, steric acid, arachidic acid, behenic
acid, myristic acid, lignoceric acid, and combinations thereof.
Exemplary unsaturated fatty acids, without limitation,
include: oleic acid, palmitoleic acid, linoleic acid, linolenic
acid, Omega-3, Omega-6, and combinations thereof. In one
embodiment, possible sources of the fatty acids can include
coconut oils, palm oils, vegetable oils, fish oils, and combi-
nations thereof.

[0010] In one embodiment, the organic phase can be
formed when an emulsion is mixed with the inert carrier
substrate. Furthermore, the emulsion can be formed by mix-
ing a combination of ingredients, wherein the ingredients are
selected from the group consisting of lipids, polysaccharides,
fatty acids, lethicin, plant-based surfactants, emulsifiers, and
combinations thereof.

[0011] Inanother embodiment, the surfacelayeris substan-
tially impermeable to water. In another embodiment, the sur-
face layer is substantially impermeable to deionized water. In
one embodiment, the surface layer can be broken down by
surfactants, oil, organic solvents, salt water, damp soil, or
combinations thereof. In another embodiment, the surface
layer is at least partially soluble to surfactants, oil, organic
solvents, salt water, damp soil, or combinations thereof. In
another embodiment, the surface layer can further include an
absence of a protein.

[0012] In another embodiment, the surface layer can
include squalene, squalane, C40 isoprenoids, phosphatidylg-
lycerol, diphosphatidylglycerol, cardiolipin, phosphatidyle-
thanolamine, monoglycerol phosphate, or combinations
thereof.

[0013] In another embodiment, the composition for deliv-
ering living cells in a dry mode can be practiced without
zeolites, aluminosilicates, mineral powder, and/or an acidic
polymer. In one embodiment, the composition is operable to
breakdown hydrocarbon deposits in water or soil when
applied in a dry state. In another embodiment, the composi-
tion can also include nutrients loaded in the inert carrier
substrate, such that the nutrients are in contact with the living
cells, wherein the nutrients are operable to provide a food
source to the living cells loaded throughout the pores of the
inert carrier substrate to enhance propagation of the living
cells. Non-limiting examples of nutrients include glucose,
inulin, and combinations thereof.

[0014] Inanotherembodiment, the pores ofthe precipitated
silica define a distribution of pore sizes, where a substantial
amount of pores have diameters within the range of 38 to 240
nanometers. In another embodiment, the nutrients can be
ammonia, nitrogen, ammonium nitrogen, urea, dextrose, dex-
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trin, sugars, or combinations thereof. In another embodiment,
the composition has an initial living cell count, and the com-
position is operable to maintain approximately 50 to 400% of
the initial microorganism count for a period of time, prefer-
ably at least 45 days.

[0015] As used herein, the term “fluid” is to be understood
to include liquids, plasmas, and gases.

[0016] In another embodiment, a composition for deliver-
ing a living cell in a dry mode that maintains flow contains an
inert carrier substrate having a porous structure, a surface
layer disposed on the outer surface of the inert carrier sub-
strate, wherein the surface layer is permeable to oxygen and
carbon dioxide, and the living cell is loaded throughout the
pores of the inert carrier substrate, the composition having 25
to 75% living cell concentration by weight, the composition
operable to maintain approximately 75 to 100% of the living
cell concentration for a period of time, preferably at least 45
days, wherein the composition is soluble in water and the
composition maintains its ability to readily flow. In another
embodiment, the composition can have more than one type of
living cell.

[0017] In another embodiment, the composition contains
an inert carrier substrate having silica pores, a surface layer
disposed on the outer surface of the inert carrier substrate,
wherein the surface layer is permeable to oxygen and carbon
dioxide, and a living cell loaded into the inert carrier sub-
strate, wherein the average pore diameter of the living cell’s
molecules is less than the average diameter of the silica pores,
and wherein the composition is operable to transport the
living cells in a dry mode without significant degradation or
the use of externally supplied refrigerants.

[0018] In another embodiment, the composition is formed
without the use of a reaction. In another embodiment, the
composition is formed without chemically altering the sur-
face of the inert carrier substrate. In another embodiment, the
composition is substantially dry such that it can readily flow.
In one embodiment, the composition can exhibit an angle of
repose between 29.9° and 42°. In one embodiment, the angle
of repose can be determined by pouring the composition
through a funnel and allowing the composition to fall onto a
base board, thereby forming a conical mound. A portion of the
base board can then be removed from underneath a portion of
the conical mound. The angle formed by the edge of the board
can be measured using a straight edge and reading the angle.
In another embodiment, the composition has a Can index
value below 15. The Carr index is an indication of the com-
pressibility of a powder. It is calculated by the formula:

Vr - Vi
c=100L""2,
Vr

where V is the freely settled volume of a given mass of
powder, and V. is the tapped volume of the same mass of
powder. The Can index can also be expressed as:

P,
c=100x(1—p—‘j),

where p is the freely settled bulk density of the powder, and
pr is the tapped bulk density of the powder. In another
embodiment, the composition is not hygroscopic.
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[0019] Inanother embodiment, an additional benefit is that
the composition has an increased shelf life and/or can provide
additional stability not accomplishable in a fluid state. For
example, living cells that are kept at atmospheric pressure and
at room temperature often times degrade after a few weeks,
which means the end user must use the fluid substances
quickly. In certain embodiments, these relatively unstable
living cells can be loaded into precipitated silica to increase
their shelf life and/or provide additional stability not accom-
plishable in a fluid state. As used herein, shelf life generally
means the recommendation of time that products can be
stored, during which the defined quality of a specified pro-
portion of the goods remains acceptable under expected (or
specified) conditions of distribution, storage and display.
Some substances in their fluid states are relatively unstable.

[0020] In another embodiment, living cells and nutrients
can be delivered in a dry format. Exemplary nutrients include,
without limitation, glucose, inulin, and combinations thereof.
In another embodiment, the delivery of these living cells and
nutrients can be achieved by loading precipitated silica with
the living cells, the nutrients, and an organic phase, together
or separately, to a desired capacity such that a surface layer
forms on the outer surface of the inert carrier substrate, while
the living cells and the nutrients remain loaded throughout the
pores of the inert carrier substrate. The composition can then
be used to transport the living cells in a substantially free
flowing, dry mode without the need for any type of external
refrigeration.

[0021] Inanother embodiment, a method for increasing the
viability of living cells can include loading an inert carrier
substrate with an emulsion to a desired capacity to form a
loaded product. In one embodiment, the emulsion can include
an organic phase and a water phase, wherein the water phase
can include water and living cells. In another embodiment,
the water phase can further include nutrients, wherein the
nutrients are water soluble. In another embodiment, the
organic phase can include nonionic surfactants. Nonionic
plant-based surfactants are also acceptable. In another
embodiment, the organic phase can include fatty acid alco-
hols, fatty acids, lipids, and lethicin. In another embodiment,
the organic phase can include lipids, fatty acids, and polysac-
charides.

[0022] Embodiments of the present invention provide
many benefits over conventional storage and handling of liv-
ing cells, including ease of use, lower shipping cost, ease of
transportation, reduced storage requirements, and elimina-
tion of externally provided refrigerants.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] These and other features, aspects, and advantages of
the present invention will become better understood with
regard to the following description, claims, and accompany-
ing drawings. It is to be noted, however, that the drawings
illustrate only several embodiments of the invention and are
therefore not to be considered limiting of the invention’s
scope as it can admit to other equally effective embodiments.
[0024] FIG.1is a cross sectional diagram of a composition
in accordance with an embodiment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE PRESENT INVENTION

[0025] Embodiments of the present invention allow for the
delivery of substances in a dry mode. In its most basic format,
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a predetermined amount of substance, if initially in liquid
format, is added to an amount of an inert carrier substrate and
mixed to form a loaded product having a semi-permeable
surface layer. If the substance is initially in a dry format, the
substance can be liquefied by various means known in the art
and then added to an amount of the inert carrier substrate and
mixed to form a loaded product. The loaded product has the
consistency of a dry, sand-like substance. The loaded product
includes the inert carrier substrate and the liquid additive
loaded throughout the inert carrier substrate inner and outer
surfaces, and a surface layer on the outer surface of the inert
carrier substrate. In one embodiment, the surface layer is
permeable to carbon dioxide and oxygen. Additionally, the
surface layer includes an organic phase that can be made
using a variety oftechniques. The loaded product contains the
characteristics of the substance, yet is dry to the touch. In one
embodiment, the surface layer does not rub off or leave an oily
feel to the skin.

[0026] Inone embodiment of the invention, a composition
for delivering living cells in a dry mode contains the inert
carrier substrate having a porous structure, a surface layer
permeable to carbon dioxide and oxygen, and living cells
loaded throughout the pores of the inert carrier substrate. In
another embodiment, the pores of the inert carrier substrate
have diameters within the range of 38 to 240 nanometers. In
another embodiment, the living cells are selected from the
group of human cells, primary cells, cell lines, immortalized
cells, lymphatic cells, cell tissue, serum, and combinations
thereof. In another embodiment, the composition can also
include nutrients loaded throughout the pores of the inert
carrier substrate. In another embodiment, the nutrients are
selected from the group consisting of ammonia, nitrogen,
ammonium nitrogen, urea, dextrose, dextrin, sugars, inulin,
and combinations thereof. In another embodiment, the com-
position has an initial living cell count, and the composition is
operable to maintain approximately 75 to 400% of the initial
living cell count for a period of time, preferably at least 45
days. In one embodiment, the surface layer acts similarly to
cell walls that can be found in bacteria (prokaryotes) and
fungi (eukarotes), thereby supporting cellular life and propa-
gation.

[0027] As noted previously, precipitated silica can be used
in some embodiments of the present invention as the inert
carrier substrate. The characteristics of typical precipitated
silica are as follows: pore size range from 38-240 nanometers
and a particle size of 10-1400 microns. Examples of precipi-
tated silica useful as part of certain embodiments of compo-
sitions and methods of the present invention are the FLO-
GARD® or HI-SIL® silicon dioxide products obtained from
PPG Industries, Inc. Precipitated silica may also be obtained
from other providers, such as for example, WR. Grace and
Company. Another characteristic of typical precipitated silica
is a surface area of from about 140 to about 160 square meters
per gram.

[0028] Examples of living cells to be used in certain
embodiments of the present invention include human cells,
primary cells, cell lines, immortalized cells, lymphatic cells,
cell tissue, serum, and combinations thereof.
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Preferred Method for Making the Loaded Product Containing
Living Cells

[0029] What follows is an example of how one can load
living cells into precipitated silica granules. Add an appropri-
ate amount of fatty acid and emulsifier into a stainless steel
mixing container. Optionally, heat the resulting mixture to
60° C. for approximately five minutes. The mixture is mixed
at a moderate speed until the mixture is sufficiently emulsi-
fied. If heated, allow the mixture to cool down to room tem-
perature while continuing to mix. The mixture is preferably
mixed sufficiently enough to form a homogenized mixture. In
a separate container, the primary cells are processed in a
commercial food processor and then preferably stored at3° C.
An appropriate amount of nutrients are added to water at
room temperature. 50 grams of primary cells (bovine liver in
this case) are then added and mixed at room temperature. This
mixture of nutrients, water, and primary cells is then added to
the container with the homogenized mixture and then mixed
well to form a liquid media. The liquid media is then added to
an appropriate amount of FLO-GARD SC72C precipitated
silica granules while mixing using a stainless steel ribbon
blender until all the liquid media is substantially loaded into
the precipitated silica granules. Generally speaking, approxi-
mately 2 parts liquid media is added to 1 part precipitated
silica granules. The resulting product is dry to the touch
within five minutes of the initial introduction of the liquid
media. This dry state is reached during the stirring of the
combined ingredients and is handled as a dry product imme-
diately upon unloading the mixer. The loaded product can be
then stored at room temperature with an improved shelf life;
however, it is preferably stored in a refrigerator at a tempera-
ture of approximately 33° F.-80° F., more preferably 35° F. to
50° F., and more preferably about 38° F. While this embodi-
ment combined the solutions in this manner, it should be
understood that they may be combined in other orders.

[0030] Inorder to release the living cells from the precipi-
tated silica, the user need only combine the loaded product
with water or saline solution in an amount exceeding the
precipitated silica’s saturation point. The surface layer of the
loaded product is broken down during this step, which allows
the living cells to be released. The living cells can then be
isolated from this solution using known techniques in the art,
for example, centrifugation.

[0031] As used herein, the term “dry mode” means that a
liquid is substantially loaded in the inert carrier substrate. One
of'ordinary skill in the art will understand that this is achieved
during the mixing process when a liquid is loaded into the
inert carrier substrate. In one embodiment, after mixing for
five minutes, the resulting product is dry to the touch and can
be handled as a dry product. Furthermore, the dry product is
fully free flowing.

[0032] Various compositions of the liquid media were cre-
ated varying the type of fatty acids, the type of nutrients, and
the types of emulsifiers. A summary can be found in Table I
below:
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TABLE 1

Preparation of the Liquid Media

Emulsifier
Fatty Acid Cocamidopropyl Betaine & Capylol/ Nutrient Distilled Total
Sample Lethicin Olive Oil  Sodium Lauroyl lactylate ~ Capric glucoside Polysorbate 20 Polysorbate 80 glucose Inulin ~ Water Weight

1 200 — 200 — — — 50 — 900 1350

2 200 — — 200 — — 50 — 900 1350

3 200 — — — 200 — 50 — 900 1350

4 200 — — — — 300 50 — 880 1430

5 200 — 200 — — — — 50 900 1350

6 200 — — 200 — — — 50 900 1350

7 200 — — — 200 — — 50 900 1350

8 100 100 — — — 300 — 50 880 1430

9 100 100 200 — — — 50 — 900 1350

10 100 100 — 200 — — 50 — 900 1350
11 100 100 — — 200 — 50 — 900 1350
12 100 100 — — — 300 50 — 880 1430
13 100 100 200 — — — — 50 900 1350
14 100 100 — 200 — — — 50 900 1350
15 100 100 — — 200 — — 50 900 1350
16 100 100 — — — 300 — 50 880 1430

[0033] In another embodiment, a composition for deliver- present in an amount from 1% to 50%, more preferably 2-3%

ing a liquid media in a dry mode contains the inert carrier
substrate having silica pores, a surface layer disposed on the
outer surface of the inert carrier substrate, wherein the surface
layer is permeable to oxygen and carbon dioxide, and a liquid
media loaded into the inert carrier substrate, wherein the
average pore diameter of the liquid media’s molecules is less
than the average diameter of the silica pores. In another
embodiment, the liquid media includes an emulsifier, a dilut-
ant, nutrients, amino acids, fatty acids, and living cells. In
another embodiment, the composition is formed without the
use of a reaction. In another embodiment, the composition is
formed without chemically altering the surface of the inert
carrier substrate. In another embodiment, the composition is
substantially dry such that it can readily flow. In another
embodiment, the composition is not hygroscopic.

[0034] In another embodiment, the invention relates to the
use of the inert carrier substrate as a delivery agent for the
substance in a dry mode. In an embodiment, if the substance
is in solid form, then it can be liquefied by mixing the sub-
stance in a carrier fluid, such as water, alcohol, glycerin,
syrup, oil, acetone or other acceptable fluid media. Once the
substance is in a liquid state, it can be directly added and
mixed with inert carrier substrate such that the substance
infuses throughout the inert carrier substrate to form a loaded
product.

[0035] Inanother embodiment, the composition can be cre-
ated by combining a wax, cetearyl alcohol, a fatty acid, an
emulsifier, water, and living cells. In one embodiment, the
wax can include bees wax. In another embodiment, the fatty
acids can include olive oil, canola oil, sunflower oil, vegetable
oil, or combinations thereof. In another embodiment, the
emulsifier can be lethicin. In one embodiment, the wax can be
present in an amount from 1% to 40%, more preferably 10%
by weight. In one embodiment, the cetearyl alcohol can be
present in an amount from 1% to 15%, more preferably 2% by
weight. In one embodiment, the fatty acids can be present in
an amount from 2% to 40%, more preferably 15% by weight.
In one embodiment, the emulsifier can be present in an
amount from 1% to 7%, more preferably 3% by weight. In
one embodiment, the water/primary cell solution can be

by weight. In one embodiment, the water/primary cell solu-
tion contains 70% to 99% water, more preferably 97% water,
and 1% to 30% living cells, more preferably 3% living cells
by volume.

[0036] Inanother embodiment, the composition can be cre-
ated by combining a wax, cetearyl alcohol and/or cetyl ester,
a fatty acid, an emulsifier, water, and living cells. In one
embodiment, the wax can include bees wax. In another
embodiment, the fatty acids can include olive oil, canola oil,
sunflower oil, vegetable oil, or combinations thereof. In
another embodiment, the emulsifier can be lethicin. In one
embodiment, the wax can be present in an amount from 1% to
40%, more preferably 10% by weight. In one embodiment,
the cetearyl alcohol can be present in an amount from 1% to
15%, more preferably 2% by weight. In one embodiment, the
cetyl ester can be present in an amount from 1% to 15%, more
preferably 2% by weight. In one embodiment, the fatty acids
can be present in an amount from 2% to 40% more preferably
15% by weight. In one embodiment, the emulsifier can be
present in an amount from 1% to 7%, more preferably 3% by
weight. In one embodiment, the water/primary cell solution
can be present in an amount from 1% to 50%, more preferably
2-3% by weight. In one embodiment, the water/primary cell
solution contains 70% to 99% water, more preferably 97%
water, and 1% to 30% living cells, more preferably 3% living
cells by volume.

[0037] Inone embodiment, the water/microorganism solu-
tion can contain 98% water and 2% living cells by volume. In
another embodiment, the water/microorganism solution can
contain between 95% to 98% water and 2% to 5% living cells
as measured by volume.

[0038] FIG. 1 represents a cross sectional view of a loaded
product having a surface layer that is loaded with water, living
cells, emulsifiers, and nutrients. As shown in FIG. 1, the water
phase is located within the pores of the inert carrier substrate.
A surface layer interface can be formed between the surface
layer and the water phase. The dashed lines of the surface
layer interface and the surface layer are representative of the
advantageous permeability of the surface layer, which allows
for oxygen and carbon dioxide to move in and out of the
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loaded product. This keeps the water phase within the loaded
product while also allowing for the living cells to “breathe,”
which aids in propagation. Additionally, the surface layer
keeps the replication controlled and contained within the
surface layer interface.

[0039] Those skilled in the art will recognize that many
changes and modifications can be made to the method of
practicing the invention without departing the scope and spirit
of'the invention. In the drawings and specification, there have
been disclosed embodiments of the invention and, although
specific terms are employed, they are used in a generic and
descriptive sense only and not for the purpose of limitation,
the scope of the invention being set forth in the following
claims. The invention has been described in considerable
detail with specific reference to these illustrated embodi-
ments. It will be apparent, however, that various modifica-
tions and changes can be made within the spirit and scope of
the invention as described in the foregoing specification. Fur-
thermore, language referring to order, such as first and sec-
ond, should be understood in an exemplary sense and not in a
limiting sense. For example, it can be recognized by those
skilled in the art that certain steps can be combined into a
single step.

[0040] U.S. Provisional Application 61/390,029, filed on
Oct. 5,2010 is herein incorporated by reference in its entirety.
[0041] Having described the invention above, various
modifications of the techniques, procedures, materials, and
equipment will be apparent to those skilled in the art. While
various embodiments have been shown and described, vari-
ous modifications and substitutions may be made thereto.
Accordingly, it is to be understood that the present invention
has been described by way of illustration(s) and not limita-
tion. Itis intended that all such variations within the scope and
spirit of the invention be included within the scope of the
appended claims. The singular forms “a”, “an” and “the” may
include plural referents, unless the context clearly dictates
otherwise. Moreover, the present invention may suitably
comprise, consist or consist essentially of the elements dis-
closed and may be practiced in the absence of an element not
disclosed.

What is claimed is:

1. A composition for delivering living cells in a dry mode,
the composition comprising:

an inert carrier substrate having a porous structure;

living cells loaded throughout the pores of the inert carrier

substrate; and

a surface layer disposed on the outer surface of the inert

carrier substrate, wherein the surface layer is permeable
to particles that aid in cell growth of the living cells such
that the composition is operable to allow for increased
propagation of the living cells within the pores of the
inert carrier substrate as compared to another composi-
tion having an absence of the surface layer.

2. The composition as claimed in claim 1, wherein the
particles that are permeable to the surface layer include oxy-
gen and carbon dioxide.

3. The composition as claimed in claim 1, wherein the
surface layer is operable to allow for oxygen exchange, nutri-
ent exchange, respiration, carbon dioxide production and
digestion, and enzyme production.

4. The composition as claimed in claim 1, wherein the inert
carrier substrate is selected from the group consisting of
diatomaceous earth, walnut and pecan shells, rice hulls, cel-
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Iulosic clay, montmorillonite clay, bentonite clay, wool, cot-
ton, cellulose, corn cobs, cellulose shells, precipitated silica,
and combinations thereof.

5. The composition as claimed in claim 1, wherein the inert
carrier substrate is precipitated silica.

6. The composition as claimed in claim 1, wherein the
composition has a shelf life of at least two years.

7. The composition as claimed in claim 1, wherein the
surface layer comprises an organic phase.

8. The composition as claimed in claim 7, wherein the
organic phase comprises fatty acids, lipids, and lethicin.

9. The composition as claimed in claim 8, wherein the fatty
acid is selected from group consisting of saturated fatty acids,
unsaturated fatty acids, and combinations thereof.

10. The composition as claimed in claim 8, wherein the
fatty acid is selected from group consisting of palmitic acid,
steric acid, arachidic acid, behenic acid, myristic acid, ligno-
ceric acid, oleic acid, palmitoleic acid, linoleic acid, linolenic
acid, Omega-3, Omega-6, and combinations thereof.

11. The composition as claimed in claim 8, wherein the
fatty acid is derived from a source, wherein the source is
selected from group consisting of coconut oils, palm oils,
vegetable oils, fish oils, and combinations thereof.

12. The composition as claimed in claim 7, wherein the
organic phase comprises nonionic plant-based surfactants.

13. The composition as claimed in claim 7, wherein the
organic phase comprises fatty acid alcohols, fatty acids, lip-
ids, and lethicin.

14. The composition as claimed in claim 7, wherein the
organic phase comprises an emulsifier.

15. The composition as claimed in claim 7, wherein the
organic phase is comprised of lipids, fatty acids, and polysac-
charides.

16. The composition as claimed in claim 7, wherein the
organic phase is formed when an emulsion is mixed with the
inert carrier substrate, the emulsion is formed by mixing a
combination of ingredients, wherein the ingredients are
selected from the group consisting of lipids, polysaccharides,
fatty acids, lethicin, plant-based surfactants, emulsifiers, and
combinations thereof.

17. The composition as claimed in claim 1, wherein the
surface layer is substantially impermeable to water.

18. The composition as claimed in claim 1, wherein the
surface layer is substantially insoluble to deionized water.

19. The composition as claimed in claim 1, wherein the
surface layer can be broken down by surfactants, oil, organic
solvents, salt water, damp soil, or combinations thereof.

20. The composition as claimed in claim 1, wherein the
surface layer is at least partially soluble to surfactants, oil,
organic solvents, salt water, damp soil, or combinations
thereof.

21. The composition as claimed in claim 1, wherein the
surface layer further comprises an absence of a protein.

22. The composition as claimed in claim 1, further com-
prising an absence of zeolites.

23. The composition as claimed in claim 1, further com-
prising an absence of aluminosilicates.

24. The composition as claimed in claim 1, further com-
prising an absence of a mineral powder.

25. The composition as claimed in claim 1, wherein the
livings cells are selected from the group consisting of human
cells, primary cells, cell lines, immortalized cells, lymphatic
cells, cell tissue, serum, and combinations thereof.
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26. The composition as claimed in claim 1, further com-
prising an absence of an acidic polymer.

27. The composition as claimed in claim 1, further com-
prising nutrients in contact with the living cells, wherein the
nutrients are operable to provide a food source to the living
cells loaded throughout the pores of the inert carrier substrate
such that the living cells can propagate.

28. The composition as claimed in claim 27, wherein the
nutrients are selected from the group consisting of ammonia,
nitrogen, ammonium nitrogen, urea, dextrose, dextrin, sug-
ars, and combinations thereof.

29. The composition as claimed in claim 1, wherein the
pores have diameters within the range of 38 to 240 nanom-
eters.

30. The composition as claimed in claim 1, wherein the
composition has an initial living cell count, the composition
operable to maintain approximately 50 to 400% of the initial
cellular living cell count for at least 45 days.

31. A composition for delivering living cells in a dry mode,
the composition comprising:

an inert carrier substrate having a porous structure;

a surface layer disposed on the outer surface of the inert
carrier substrate, wherein the surface layer is permeable
to oxygen and carbon dioxide; and

living cells loaded throughout the pores of the inert carrier
substrate, the composition having 25 to 75% living cell
concentration by weight, the composition operable to
maintain approximately 50 to 100% of the living cell
concentration for a period of at least 45 days.

32. A composition comprising:

An inert carrier substrate having silica pores;

a surface layer disposed on the outer surface of the inert
carrier substrate, wherein the surface layer is permeable
to oxygen and carbon dioxide;

a liquid media loaded into the inert carrier substrate,
wherein the average pore diameter of the liquid media’s
molecules is less than the average diameter of the silica
pores, wherein the liquid media comprises living cells, a
carrier fluid, and nutrients.

33. The composition as claimed in claim 32, wherein the

composition is formed without the use of a reaction.

34. The composition as claimed in claim 32, wherein the
composition is formed without chemically altering the sur-
face of the inert carrier substrate.

35. The composition as claimed in claim 32, wherein the
composition is substantially dry such that it can readily flow.
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36. The composition as claimed in claim 32, wherein the
composition is not hygroscopic.

37. A method for handling living cells in a substantially dry
format, the process comprising:

Mixing fatty acids and an emulsifier to form a homog-

enized mixture;

Mixing nutrients with a carrier fluid to form a solution;

Mixing processed living cells with the solution to form a
second solution;

Mixing the second solution with the homogenized mixture
to form a liquid media;

Mixing the liquid media with an inert carrier substrate at a
first location to form a loaded product until the loaded
product is substantially dry to the touch.

38. The method as claimed in claim 37, wherein the liquid
media comprises an organic phase and a water phase, wherein
the water phase comprises water and living cells.

39. The method as claimed in claim 38, wherein the water
phase further comprises nutrients, wherein the nutrients are
water soluble.

40. The method as claimed in claim 38, wherein the organic
phase comprises nonionic plant-based surfactants.

41. The composition as claimed in claim 38, wherein the
organic phase comprises fatty acid alcohols, fatty acids, lip-
ids, and lethicin.

42. The composition as claimed in claim 38, wherein the
organic phase is comprised of lipids, fatty acids, and polysac-
charides.

43. The method as claimed in claim 37, further comprising
storing the loaded product at a temperature of approximately
38°F.

44. The method as claimed in claim 37, further comprising
transporting the loaded product to a second location, wherein
the loaded product is transported without the use of liquid
nitrogen or dry ice without substantial degradation of the
living cells.

45. The method as claimed in claim 37, further comprising
adding a releasing solution to the loaded product to release the
living cells from the inert carrier substrate.

46. The method as claimed in claim 45, further comprising
isolating the living cells.

47. The method as claimed in claim 46, wherein the step of
isolating the living cells is conducted using a centrifuge.
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