MICROCAPSULE, PREPARATION METHOD AND APPLICATION THEREOF

FIELD OF THE INVENTION
[0001] This application belongs to the field of food biotechnology. More specifically, this
application relates to a microcapsule and a preparation method thereof, in particular to a
multi-layered microcapsule containing an active substance and a preparation method thereof.
This application also relates to a probiotic microcapsule and a preparation method thereof.
The probiotic microcapsule has one or more layers of embedding structure. In addition, the
present application relates to a composite wall material for probiotic microcapsules, probiotic
microcapsules, and a preparation method thereof. This application also relates to a food or
health product containing probiotic microcapsules, including dairy products, fermented
flavored foods, beverages, chocolates, candies, baked foods, fruit and vegetable juice foods,
etc. which contain probiotic microcapsules, and also relates to a preparation method of a food
or health product containing probiotics microcapsules. This application also relates to a soft
particle of a probiotic microcapsule and a preparation method thereof. The soft particle of a
probiotic microcapsule includes a coconut fiber fruit soft particle of a probiotic microcapsule

and a gel ball soft particle of a probiotic microcapsule.

BACKGROUND OF THE INVENTION

[0002] In addition to providing energy to people, satisfying people's hobbies, and providing
various ingredients of a human body, many food ingredients also have physiological activities
that can regulate human functions, such as enhancing immunity, preventing diseases and
other functional properties. Food scientists and food companies in many countries pay more
and more attention to the research and development of this functional food.

[0003] Functional food is very important for improving physical fitness and nutritional
intervention for chronic diseases. It covers nutritious foods, formula foods for special medical
purposes, special dietary foods, health foods and functional general foods, etc., and is a gold
sector with the most market demand and development potential in the health industry. In the
context of general health, the restructuring and integration of the functional food industry will

provide consumers with a complete whole-process health solution.



[0004] Functional ingredients contained in functional foods include: functional
polysaccharides (including chitosan, tea polysaccharides, dietary fiber, etc.); functional lipids
(including polyunsaturated fatty acids such as DHA, etc.); functional proteins/peptides/amino
acids (e.g., taurine, lactoferrin, immunoglobulin, etc.); micro-ecological regulators (including
probiotics, prebiotics, synbiotics); and vitamins and minerals, etc.

[0005] In the preparation process of functional foods, a microencapsulation technology is an
effective and promising method. By forming one or more layers of capsule-like protective
film around the embedded active material, the microencapsulation technology can
significantly improve the survival rate of active substances in unfavorable environments, and
can partially mask the bad flavor of the embedded substances. In the microencapsulation
technology, the coating material, the embedding method, the granulation method and the
drying method in the preparation process are very important for the function of the
microcapsule.

[0006] The existing microcapsule coating materials are mostly edible gum materials such as
gelatin, pectin, sodium alginate, etc. If often consumed in large quantities, they will have
certain side effects on special groups such as infants and the elderly. Single-layered
microcapsules are the most commonly used form of microcapsules. However, regardless of
the particle surface bacteria content or water and gas barrier properties, single-layered
microcapsules are weaker than double-layered or multi-layered microcapsules, making the
stability of the single-layered microcapsules relatively low.

[0007] In view of the shortcomings of the prior art, the purpose of this application includes
providing a safe, non-toxic, and no side effect microcapsule with small particle size and rich
in active substances, which has good stability under normal temperature conditions and has a
sustained release effect. Moreover, it can be added to products with high water activity.
[0008] Probiotics are a kind of living microorganisms that have a certain promoting effect on
the health of the host, and have multiple physiological functions in terms of treatment and
health care. However, ordinary probiotics such as bifidobacteria are relatively fragile and are
easily affected by surrounding environmental factors. The direct addition of spore probiotics
to a product can easily affect the state, quality and shelf life of a product. Therefore, most of

the current probiotic products need to be stored in low temperature refrigeration, so as to



maximize the number of active probiotics, and the number of colonies will decrease with
time. In the application of probiotics in the field of food and dairy products, all kinds of
probiotics in the products with probiotics added in the field of dairy products, for example,
due to pasteurization in room temperature yogurt, have been killed, and no longer have the
probiotic function of lactic acid bacteria and probiotics. In addition, in low-temperature
yogurt products, due to the poor resistance of lactic acid bacteria and other probiotics, they
are affected by gastric acid and enzymes, resulting in a sharp decrease in the number of
probiotics that enter the intestines and cannot effectively exert their probiotic effects.

[0009] Therefore, how to effectively increase the number of live probiotic bacteria has
become an urgent issue to be solved at present. Based on the above problems, this application
adopts microencapsulation technology to embed probiotics. By forming a layer, double layer
or multi-layered capsule-like protective film around the live probiotic bacteria, the survival
rate of probiotic bacteria in adverse environments can be significantly improved, wherein the
selection of wall materials, embedding methods, granulation methods and drying methods are
very important to the protective effect of microcapsules.

[0010] In addition, adding probiotic microcapsules to food or health products can protect the
activity of probiotics, effectively prevent the environment from affecting the survival of
probiotics, and at the same time can greatly reduce the impact of gastric acid and enzymes, so
that probiotics can maintain a relatively high number and activity when they reach the human

intestinal tract.

SUMMARY OF THE INVENTION

[0011] In order to solve the defects in the prior art, the present application relates to a
microcapsule and a preparation method thereof, and in particular to a multi-layered
microcapsule containing an embedded active substance and a preparation method thereof.

[0012] A microcapsule, the microcapsule having one or more layers of embedding structure,
comprising: a pellet core and optionally at least one layer of shell coating the pellet core;
wherein the pellet core includes embedded substance and microcapsule core material, and the
at least one layer of shell coating the pellet core includes one, two or more layers of wall

materials.



[0013] The outer diameter of the pellet core of a microcapsule is about 50-500 pm
(preferably about 50 to about 300 um), and the outer diameter of a single-layered or
multi-layered coated microcapsule is about 200 to about 1000 um (preferably about 100 to
about 500 pm).

[0014] In the microcapsule, the embedded substance includes a functional active substance,
and the active substance is selected from one or more of functional polysaccharides,
functional lipids, functional proteins/peptides/amino acids, micro-ecological regulators,
vitamins and minerals.

[0015] In the microcapsule, the functional polysaccharide is selected from one or more of
chitosan, tea polysaccharide, dietary fiber, and dextran; preferably, the functional lipid is
selected from one or more of lecithin, EPA and DHA; preferably, the functional
protein/peptide/amino acid is selected from one or more of taurine, lactoferrin,
immunoglobulin, and whey protein peptide; preferably, the micro-ecological regulator is
selected from one or more of probiotics, prebiotics, and synbiotics.

[0016] The preparation method of the above microcapsules comprises the following steps:

(1) preparation of a primary pellet core: uniformly mixing an embedded substance and a
microcapsule core material, optionally curing, and filtering to collect wet particles, and then
drying to obtain dry particles of primary pellet core; and optionally

(2) preparation of a multi-layered microcapsule: using the above-mentioned dry particles of
single-layered microcapsule as pellet core particles, uniformly coating a layer of wall
material outside the pellet core particles, and optionally spraying curing solution to cure the
capsule wall, drying the prepared microcapsules, and collecting the double-layered dry
microcapsule particles or further coating once or more times.

In the step (1) of the preparation method, the pellet cores are prepared preferably by extrusion
spheronization granulation, centrifugal granulation, acute angle extrusion granulation, or
fluidized bed spray granulation (preferably extrusion spheronization granulation or
centrifugal granulation), dried and collected.

[0017] In the step (2), the wall material is preferably coated by means of fluidized bed spray.
[0018] For example, a specific embodiment includes the method of combining extrusion

spheronization granulation (centrifugal granulation) and fluidized spray coating to prepare



microcapsule particles; in this way, spherical particles with good roundness can be produced,
and the outer layer of the particles can also achieve the effect of blocking water and odor and
protect the embedded active material. Moreover, the particles prepared in this way can be
subsequently added to an aqueous product without being affected. The extrusion
spheronization granulation method or the centrifugal granulation method is used to prepare a
round and spherical primary pellet core, and then the water-blocking coating layer material
and the hydrophilic coating layer material are uniformly fluidized to the surface of the
spherical pellet core. Then, a water-blocking coating layer is fluidized so that the
microcapsule particles do not disintegrate when exposed to water, and protects the embedded
substance from contacting the outside world (e.g., water or other solvents), thereby
prolonging the shelf life of the microcapsule particles in aqueous products.

[0019] One of the objectives of this application includes providing a solid dry particle
microcapsule that can be stored for a long time under normal temperature conditions, wherein
one, double or multi-layered wall material is used to embed probiotics into solid particles of
50-500 um, so that microcapsules are less affected by the environment and can be applied to
the fields of medicine, health products and food. The microcapsules obtained in the present
application are especially double-layered and multi-layered coated microcapsules, wherein
the amount of viable probiotics in the microcapsules is significantly increased, and particles
have uniform size and are shiny. The microcapsules can be stored for a long time under
normal temperature conditions. For example, after 30 days, 60 days or 120 days of storage,
the amount of viable probiotics in the microcapsules decreases slightly, and is still high.
Moreover, the above-mentioned microcapsules are resistant to acid, increasing the number of
probiotic bacteria that eventually enter the intestinal tract. In addition, the microcapsules also
have good hydrophobicity, and the residual bacteria on the surface of the particles are less,
thereby reducing the probability of leakage of probiotics.

[0020] Another object of the present application is to provide a method for preparing
probiotic microcapsules, the probiotic microcapsules having one or more layers of embedding
structure, comprising the following steps:

(1) preparation of single-layered microcapsules: uniformly mixing probiotic powder or

probiotic mud with materials such as the first wall material, and optionally curing and



filtering to collect wet particles, and drying to obtain dry particles of single-layered
microcapsule; and optionally

(2) preparation of multi-layered microcapsules: using the above-mentioned dry particles of
single-layered microcapsule as probiotic core particles, and uniformly coating a layer of wall
material outside the probiotic core particles (preferably by fluidized bed spray granulation
method), and optionally spraying a curing solution to cure the capsule wall, drying the
prepared microcapsules (preferably drying in a fluidized bed), collecting dry particles of
double-layered microcapsules or further coating them once or more times.

[0021] Preferably, in the above-mentioned double-layered or multi-layered probiotic
microcapsules, the outer diameter of the core particles obtained after coating the first layer is
about 50-500 pum (preferably about 50 to about 300 pwm), and the outer diameter of the
double-layered or multi-layered microcapsules is about 200 to about 1000 um (preferably
about 100 to about 500 pum).

[0022] In one aspect, the present application also relates to the pretreatment method of the
wall material in the preparation method of the probiotic microcapsules, which includes:
mixing the wall material with water, fully dissolving the wall material, and carrying out
alternate cooling and heating treatments to form a stable gel.

[0023] Preferably, the wall material is mixed with water, and stirred at a low temperature of
about 2 to 8°C for 4 to 16 hours, and more preferably, the whey protein solution is further
heat-treated at about 75 to 96°C for about 30 to 180 minutes; more preferably, cooled
immediately at a cooling temperature of -20 to 4°C; stored at 4°C for more than 10-60 hours
to obtain a whey protein gel solution. More preferably, the wall material is whey protein.
[0024] In one aspect, the present application also relates to a probiotic microcapsule. The
probiotic microcapsule has a one-layered or multi-layered embedding structure, which is
prepared according to the above-mentioned preparation method of the probiotic
microcapsule.

[0025] In one aspect, the probiotic microcapsules of the present application can be used in
the food and health product industries such as dietary supplements. This application also

relates to the application of probiotic microcapsules as food additives, such as heat-processed



foods or frozen foods, preferably fermented flavored foods, beverages, chocolates, sweets
such as chewing gum, baked foods such as pudding, fruit and vegetable juice foods, etc.
[0026] Preferably, the probiotic microcapsules of the present application are dairy additives,
and more preferably added to milk, yogurt, cheese, ice cream, milk powder, and dairy
beverages.

[0027] Preferably, the added amount of microcapsules containing probiotics is 0.03 to 0.15%.
[0028] Another object of the application is to provide a method for preparing the probiotic
microcapsules. The method used in this application is a combination of extrusion granulation
and fluidized bed spray granulation. Compared with the common granulation method
currently used, the probiotic microcapsule particles obtained are denser and more
hydrophobic, and have lower residual bacteria on the surface, thereby reducing the
probability of probiotic leakage, increasing the number of viable probiotic within the same
shelf life, and expanding the scope of use of microcapsules.

[0029] Another object of the present application is to provide a method for preparing
probiotic microcapsules having one or more layers of embedding structure, including:
probiotic core particles and optionally at least one layer of outer shell coating the probiotic
core particles, wherein the probiotic core particles comprise a core material and a first layer
of wall material, the core material comprises one or more kinds of probiotic powder or
probiotic mud, and the core material is coated by the first layer of wall material. The at least
one layer of the outer shell coating the probiotic core particles includes one, two or more
layers of wall materials, which are respectively a second layer of wall material, a third layer
of wall material or more layer of wall material, which comprises the following steps:

(1) preparation of single-layered microcapsules: optionally mixing the probiotic powder or
probiotic mud with a binder, and granulating, and then uniformly mixing with the first wall
material (preferably an acute angle extrusion granulation method) and optionally curing and
filtering to collect wet particles and drying to obtain dry particles of single-layered
microcapsule; and optionally

(2) preparation of multi-layered microcapsules: using the above-mentioned dry particles of
single-layered microcapsule as probiotic core particles, uniformly coating a layer of wall

material outside the probiotic core particles (preferably by fluidized bed spray granulation



method), and optionally spraying a curing solution so that the capsule is cured and insoluble
in water, drying the prepared microcapsules (preferably drying in a fluidized bed), and
collecting the dry particles of the double-layered microcapsules or further coating the dry
particles of the double-layered microcapsules once or more times.

[0030] Another object of the present application is to provide a method for preparing
probiotic microcapsules, which uses fluidized bed granulation and spray fluidization as a
main method of granulation and multiple embedding of microcapsules: making edible solid
phase components such as probiotics in the form of powder or granular form into a core
material through fluidized granulation using a binder solution as a liquid phase component,
and then uniformly wrapping the core material with one or more layers of wall material by a
fluidized bed spray coating method to obtain probiotic microcapsules with one or more layers
of embedding structure.

[0031] This application uses a fluidized bed process to prepare probiotic microcapsules. The
fluidized bed process can greatly reduce the moisture and water activity in the microcapsule
production process, and is particularly suitable for preparing components that are sensitive to
moisture as microcapsules. Especially, the microcapsule uses a unique multi-layered
embedding structure, and the wall material in the middle layer of the microcapsule can
effectively protect and isolate the core material from contact with moisture and air. Even
when the microcapsule is placed in a water-based liquid, the wall material in the middle layer
can effectively prevent moisture from entering the core of the microcapsule. The outer wall
material can effectively wrap and stabilize the overall structure of the microcapsule. When
the microcapsule is placed in a water-based liquid, the outer wall material can help the
microcapsule to be suspended in the liquid.

[0032] One of the objectives of this application is to provide a product containing probiotic
microcapsules, including food or health products containing probiotic microcapsules, such as
milk and dairy products, fermented flavored foods, beverages, chocolate, candies, baked
goods, fruit and vegetable juice foods, etc. that contain probiotic microcapsules. In addition,
the food or health products of this application also include but are not limited to the following
products: meat, fish, poultry and game; meat juices; pickled, frozen, dried and cooked fruits

and vegetables; jellies, jams, preserves; eggs; milk and dairy products; edible oils and fats.



[0033] The microcapsules are solid dry particle microcapsules that can be stored for a long
time under normal temperature conditions. The probiotics are embedded into solid particles
of 50-500 um by using one, double or multi-layered wall materials. The application and
storage conditions are less affected by the environment, and the microcapsules can be applied
to the fields of medicine, health products and food. The microcapsules obtained in the present
application, especially double-layered and multi-layered coated microcapsules, have a
significantly increased amount of viable probiotics in the microcapsules, a uniform particle
size and a shiny appearance. The microcapsules can be stored for a long time under normal
temperature conditions. For example, after 30 days, 60 days or 120 days of storage, the
amount of viable probiotics in the microcapsules decreases slightly, and is still high.
Moreover, the above-mentioned microcapsules are resistant to acid, increasing the number of
probiotic bacteria that eventually enter the intestinal tract. In addition, the microcapsules also
have good hydrophobicity, and the residual bacteria on the surface of the particles are lower,
thereby reducing the probability of leakage of probiotics.

[0034] Another object of this application is to provide a method for preparing food or health
products containing probiotic microcapsules, which comprises the following steps:

(1) preparation of probiotic microcapsules;

(2) adding probiotic microcapsules to foods or health products, including but not limited to
dairy products, fermented flavored foods, beverages, chocolates, candies, baked foods, fruit
and vegetable juice foods that contain probiotic microcapsules, preferably to milk, yogurt,
cheese, ice cream, milk powder, and dairy beverage;

preferably, the added amount of microcapsules containing probiotics is 0.02 to 1%.

[0035] One of the objectives of the present application is to provide a soft particle of a
probiotic microcapsule, including coconut fiber fruit soft particle of a probiotic microcapsule
and gel ball soft particle of a probiotic microcapsule, wherein the coconut fiber fruit soft
particle of a probiotic microcapsule includes: one or more of coconut water, coconut milk,
coconut jam, sucrose, white granulated sugar, High Fructose Syrup, Bacillus xylinus, acidity
regulator, probiotic microcapsules, ethanol and purified water, preferably, wherein the
content of sucrose is about 5-10%, the content of white granulated sugar is about 3-5%, the

content of High Fructose Syrup is about 0-5%, the content of ammonium dihydrogen



phosphate is about 0.3-0.8%, the content of Bacillus xylinus is about 0.1-0.5%, and the
content of acidity regulator is about 1-5%. The gel ball soft particle of a probiotic
microcapsule includes: one or more of white granulated sugar, sodium alginate, xanthan gum,
konjac gum, carrageenan, curing solution (containing calcium lactate and calcium chloride),
probiotic microcapsules, pigments, and purified water, preferably, wherein the content of
white granulated sugar is about 10-15%, sodium alginate is about 0.5-1%, xanthan gum is
about 0.1-0.3%, konjac gum is about 0.1-0.2%, and the concentration of calcium lactate in a
curing solution is about 1-3%.

[0036] The probiotic microcapsules are solid dry particle microcapsules that can be stored for
a long time under normal temperature conditions. The probiotics are embedded into solid
particles of 50-500 um by using one, double or multi-layered wall materials. The application
and storage conditions are less affected by the environment, and the microcapsules can be
applied to the fields of medicine, health products and food. The microcapsules, especially
double-layered and multi-layered coated microcapsules, have a significantly increased
amount of viable probiotics in the microcapsules, a uniform particle size and a shiny
appearance. The microcapsules can be stored for a long time under normal temperature
conditions. For example, after 30 days, 60 days or 120 days of storage, the amount of viable
probiotics in the microcapsules decreases slightly, and is still high. Moreover, the
above-mentioned microcapsules are resistant to acid, increasing the number of probiotic
bacteria that eventually enter the intestinal tract. In addition, the microcapsules also have
good hydrophobicity, and low residual bacteria on the surface of the particles, thereby
reducing the probability of leakage of probiotics.

[0037] The soft particle of a probiotic microcapsule described in the present application has
both coconut fruit functionality and probiotic properties, and has rich nutrition, excellent
flavor, good chewing mouthfeel, and strong probiotic survival and function. Compared with
the existing products containing coconut soft particles, this product can not only maintain
higher stability under normal temperature shelf storage conditions for at least 6 months, but
also has a higher number of probiotics and bacterial activity, which fully guarantees the
number of probiotics that reach the human gut after the product is eaten, so as to truly exert a

better probiotic effect.
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[0038] The microcapsules added to this product adopt the method of embedding
microcapsules in coconut fruit. Compared with the direct addition of microcapsules, this
product not only increases the functional properties of coconuts, but also provides secondary
protection for probiotics, making the survival rate of probiotics higher than direct addition of
microcapsules, and achieving better effect. At the same time, the crisp coconut taste fully
guarantees the taste and flavor of the final product. In addition, the microcapsules added in
this product are also added to a sodium alginate solution and the mixture was added dropwise
into a curing solution to form pellets of calcium alginate encapsulated probiotic

microcapsules.

Definition

[0039] Unless otherwise stated, all technical and scientific terms used herein have the same
meaning as those commonly understood by those skilled in the art to which this application
belongs, but in case of conflict, the definition in this specification shall prevail.

[0040] As used in the specification and claims, the singular forms "a", "an" and "the (said)"
include plural forms unless clearly specified otherwise in the context.

[0041] Unless otherwise specified, the percentages (%) in this specification are all weight
percentages (wt%).

[0042] All numerical values or expressions related to component amounts, process conditions,
etc. used in the specification and claims should be understood to be modified by "about” in
all cases. The term "about" when referring to a quantity or numerical range means that the
quantity or numerical range referred to is an approximate value within experimental
variability (or within statistical experimental error), so the quantity or numerical range can
vary from the stated quantity or numerical range, for example, vary between +5 of the stated
guantity or numerical range.

[0043] All ranges referring to the same components or properties include endpoints, which
can be independently combined. Since these ranges are continuous, they include every value
between the minimum and maximum values. It should also be understood that any numerical

range cited in this application is intended to include all sub-ranges within that range.
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[0044] When this application is directed to a range of physical property such as molecular
weight or chemical property, all combinations and sub-combinations of the ranges and
specific embodiments within them shall be included. The term "comprising” (and related
terms such as "containing™ or "having" or "including™) includes embodiments, e.g., any
combination of substances, compositions, methods, or processes, etc., that "consists of" or
"consists essentially of the described features."

[0045] The "and/or" used in this specification and claims should be understood as
"alternative or both" of the associated components, that is, the components coexist in some
cases and exist separately in other cases. Multiple components listed with "and/or" should be
understood in the same way, that is, "one or more" related components. In addition to the
components specifically identified in the "and/or" clause, other components may optionally
be present, whether related or unrelated to those specifically identified components.
Therefore, as a non-limiting example, referring to "A and/or B", when used to link open
ending words such as "includes”, in one embodiment, may only refer to A (optionally
including components other than B), in another embodiment, may only refer to B (optionally
including components other than A), and in yet another embodiment, refers to A and B
(optionally including other components), etc.

[0046] The "or" used in the specification and claims should be understood as having the same
meaning as the above-defined "and/or". For example, when separating items in a list, "or" or
"and/or" should be translated as inclusive, that is, including multiple or at least one of listed
components, but also including more than one, and optional any other items not listed. Only
the terms clearly pointing to the opposite, such as "only one" or "exactly one", or "consisting
of" as used in the claims shall mean including multiple or exactly one of the listed
components. Generally, the term "or" as used herein is considered to point to an exclusive
choice (i.e., one or the other, but not both) only when there is an exclusive antecedent word
such as "one of", "only one", or "exactly one".

[0047] It should be understood that, unless explicitly indicated to the contrary, in any method
claimed herein that includes more than one step or action, the order of the steps and actions of

the method need not be limited to the mentioned order of the steps and actions of the method.
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[0048] The abbreviations used in this application have the usual meanings in the fields of
food, biology and chemistry.

[0049] Probiotics: the type of probiotics in the probiotic microcapsules of this application
uses any probiotics approved by the state as the protection object of embedding core material
of the microcapsule. It includes one or more of Bifidobacterium adolescentis,
Bifidobacterium animalis (Bifidobacterium lactis), Bifidobacterium bifidum, Bifidobacterium
breve, Bifidobacterium infantis, Bifidobacterium longum, Lactobacillus acidophilus,
Lactobacillus casei, Lactobacillus crispatus, Lactobacillus delbrueckii subsp. Bulgaricus,
Lactobacillus delbrueckii subsp. lactis, Lactobacillus fermentum, Lactobacillus gasseri,
Lactobacillus helveticus, Lactobacillus johnsonii, Lactobacillus paracasei, Lactobacillus
plantarum, Lactobacillus reuteri, Lactobacillus rhamnosus, Lactobacillus salivarius,
Streptococcus thermophilus, Bacillus coagulans and other probiotics. The details are shown

in Tables A-D below.

A. List of strains that can be used

in food
Name Latin name Strain No.

[ SHATH Bifidobacterium

1| & AUEATH Bifidobacterium adolescentis

2 LA Bifidobacterium animalis(Bifidobacterium lactis)

(FLILHATH)

3| ABERBATH Bifidobacterium bifidum

4 | JEIHATHE Bifidobacterium breve M-16V

5 | BLSUHATH Bifidobacterium infantis

6 | KILHATH Bifidobacterium longum
[ JLATH & Lactobacillus

1| EBIATHA Lactobacillus acidophilus DSMi13241

R0052

2 | FEAILATE Lactobacillus casei

3| BHIAFE Lactobacillus crispatus

A 18 R IUATH e A I I A Lactobacillus delbrueckii subsp. Bulgaricus

(#rAe ] L AT ) (Lactobacillus bulgaricus)

5 | A RIATH LA Lactobacillus delbrueckii subsp. Lactis

6 | REESLATH Lactobacillus fermentum CECT5716

7| BRILFHA Lactobacillus gasseri
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8 | HLILATHE Lactobacillus helveticus
9 | HRILFHA Lactobacillus johnsonii
10 | & FE&SLATE Lactobacillus paracasei GMOg0
GMNL-33
CGMCC
11 | AR Lactobacillus plantarum NO1258
299v
ST-IIT
12 | FHFRILFHA Lactobacillus reuteri
13 | AFHEIFHA Lactobacillus rhamnosus R0011
14 | 2@ ILATH Lactobacillus salivarius
15 | FBIATH Lactobacillus sakei
1l IR B Streptococcus
1| kst A Streptococcus thermophilus
v JLIRH & Lactococcus
1| LBRSLARE SLBR LAY Lactococcus Lactis subsp. Lactis
2 | SLBRSLKHE SLAS ZAY Lactococcus Lactis subsp. Cremoris
3 | JLERSLIRE M T B AP Lactococcus Lactis subsp. Diacetylactis
\Y, HERATH B Propionibacterium
1| % KRABRATEH KA Propionibacterium freudenreichii subsp. Shermanii
2 | FRABRARATH Propionibacterium acidipropionici
VI 9B KHA B Leuconostoc
1| LR & 2k T M0 IE T A Leuconostoc mesenteroides subsp. Mesenteroides
Vil B e i g tenE A Kluyveromyces marxianus
VI &P Pediococcus
1| fLBg A RE Pediococcus acidilactici
2 | RAEAHRE Pediococcus pentosaceus
IX HEHLH Staphylococcus
1| hFRHRA Staphylococcus vitulinus
2 | AEAH KA Staphylococcus carnosus
3| REHHHH Staphylococcus xylosus
X FIATH Bacillus
1| BEFIOME Bacillus coagulans
B. List of probiotic strains that can be used in health food
No. Name Latin name Note
[ S AT Bifidobacterium
1| AEIUHATH Bifidobacterium bifidum
2 | BILSHATH Bifidobacterium infantis
3| KRWHAFH Bifidobacterium longum
4 | JEIHATHE Bifidobacterium breve
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5| FASHATH Bifidobacterium adolescentis
[ JLATH & Lactobacillus
1| A RILATH Lactobacillus bulgaricus
2 | EBRIAA Lactobacillus acidophilus
3 | TEAILATH T 85 A Lactobacillus casei subsp. Casei
4| FHRIATH Lactobacillus reuteri
5| AEHEILFHA Lactobacillus rhamnosus
1 IR B Streptococcus
1| "E#stRA Streptococcus thermophilus

C. List of strains that can be used
in infant food

No. Strain name Latin name Strain No.

1| EBRIATE> Lactobacillus acidophilus NCFM

2 | SHAHATH Bifidobacterium animalis Bb-12

3 | L ATE Bifidobacterium lactis H.N019
Bi-07

4| REHRIATH Lactobacillus rhamnosus ——
HNO001

5| FARITHA Lactobacillus reuteri DSM17938

6 | REESLATH Lactobacillus fermentum CECT5716

D. List of fungal species that can be used in health food
No. Chinese name English name

1| BRIBEEE Saccharomyces cerevisiae

2 | iR LB H Cadida atilis

3| LR FEEE Kluyveromyces lactis

4 | FREEE Saccharomyces carlsbergensis

5 | @i FE Paecilomyces hepiali Chen et Dai, sp. Nov

6 | MmradakE7a Hirsutella hepiali Chen et Shen

7| RE Ganoderma lucidum

8| £z Ganoderma sinensis

9 | MEBRZ Ganoderma tsugae

Monacus anka

=
[ o
W B
B[4 s

ko Monacus purpureus

[0050] Wall material: The microcapsule material used to coat, protect or control the release

of the core material is called the wall material, capsule wall or capsule shell of the
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microcapsule. The wall material is the material that constitutes the outer shell of the
microcapsule, and can also be called coating or packaging material.

[0051] When choosing a wall material, the properties of the wall material itself should be
considered, such as permeability, stability, mechanical strength, solubility, polymerizability,
electrical properties, hygroscopicity and film-forming properties, etc. For the core material of
biologically active materials, it is also important to consider the toxicity of the wall material
and the compatibility with the core material. In this application, wall materials that are
non-toxic, have good film- or sphere-forming properties, have low immunogenicity, have
good biocompatibility, are degradable, and have a product that has no toxic and side effects
are selected.

[0052] In this application, preferred are film-forming materials that have good
biocompatibility with live bacteria, enteric materials that can be used in foods, film-forming
materials with moisture barrier properties, and film-forming materials with oxygen barrier
properties.

[0053] Preferably, specific examples include one or a combination of more of:

[0054] (1) Edible protein: including animal protein such as milk protein, egg protein, casein,
vegetable protein such as gluten protein, etc.;

[0055] Preferably, the wall material of probiotic microcapsules of the present application is
selected from whey protein:

[0056] including whey protein concentrate (WPC), whey protein isolate (WPI) or whey
protein peptides, wherein whey protein isolate (WPI) is especially preferred. WPI is a
high-purity whey protein obtained by further processing on the basis of whey protein
concentrate (WPC). The purity of WPI can reach more than 90%, and WPI is more easily
digested and absorbed, safe, non-toxic and free of side effects.

[0057] Milk protein: including casein or whey protein. Whey protein refers to the protein
dissolved and dispersed in whey, accounting for about 18% to 20% of milk protein, and can
be divided into two parts: heat stable and heat unstable whey protein.

[0058] Whey Protein Concentrate (WPC)

[0059] After the whey is directly dried, whey powder can be obtained, in which the content

of whey protein is extremely low, generally between ten percent and twenty percent, not
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more than 30 percent. The product of whey after clarification, ultrafiltration, drying and other
processes is concentrated whey protein. The different degree of filtration can obtain products
with protein concentration ranging from 34-80%.

[0060] Whey Protein Isolate (WPI)

[0061] Whey protein isolate is a high-purity whey protein obtained by further processing on
the basis of concentrated whey protein, with a purity of more than 90%. It is expensive, 2-3
times that of whey protein concentrate, but it is also easier to be digested and absorbed. The
real beauty of whey protein isolate lies in its nutritional value. It has a high content of
high-quality protein, which can provide high-quality protein for certain people with specific
needs, such as infants and hospitalized patients. In addition, the biologically active
compounds contained in whey protein isolate, such as a-lactalbumin and B-lactoglobulin,
lactoferrin and immunoglobulin, have injected fresh vitality into the market.

[0062] Whey Protein Peptide

[0063] Whey protein peptide is a hydrolysate of whey protein and the essence of whey
protein. It can participate in the process of muscle synthesis faster in the body.

[0064] Preferably, the wall material of probiotic microcapsules of the present application is
selected from one or a combination of more of:

[0065] Vegetable protein: including oilseed protein, bean protein, gluten protein, etc.,

[0066] wherein oilseed protein includes: peanut protein, sesame protein, rapeseed protein,
sunflower protein, cotton seed protein, safflower protein, coconut protein, etc.;

[0067] wherein bean protein includes: soy protein, broad bean protein, pea protein, mung
bean protein, adzuki bean protein, kidney bean protein, etc.;

[0068] wherein gluten protein includes: rice (indica rice, japonica rice, glutinous rice) protein,
wheat (wheat, barley, oats, rye) protein, corn protein, sorghum protein, millet protein,
broomcorn millet protein, yellow rice protein, buckwheat protein, etc., and potato protein:
including sweet potato protein, potato protein, yam protein, taro protein, tapioca protein, etc.;

[0069] wherein corn protein includes zein, corn germ protein, etc.;

[0070] preferably, the wall material of probiotic microcapsules of the present application is
selected from corn protein, including zein and corn germ protein, and zein is especially

preferred.
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[0071] (2) Grease:

[0072] In this application, fats and oils are collectively referred to as greases, which are esters
formed by aliphatic carboxylic acids and glycerin. Those that are liquid at room temperature
are called oils, and those that are solid or semi-solid are called fats. Most natural greases are
mixed glycerides. Greases obtained from plant seeds are mostly oil, and greases obtained
from animals are mostly fat.

[0073] In this application, according to the types of fatty acids, various natural fatty acid
molecules are straight-chain fatty acids composed of different carbon chains (4-24 C). With
some exceptions, all carbon atoms are in double numbers. There are two classifications of
such fatty acids: one is to divide fatty acids into short-chain (4-6C), medium-chain (8-12C)
and long-chain (above 12C) fatty acids based on the number of carbon atoms. The other is to
divide fatty acids into saturated and unsaturated fatty acids. The general molecular formula of
saturated fatty acids is C n H 2n O 2, while unsaturated fatty acids have 1, 2, 3 or more double
bonds, and their general molecular formula is Ch H 2n20 2, CnH 2.4 O 2, or CnH 206 O 2.
Linoleic acid, linolenic acid and arachidonic acid with more than two double bonds are called
polyunsaturated fatty acids. In addition to the straight-chain fatty acids, there are also cyclic
fatty acids, the maple seed oleic acid and ata maple seed oleic acid in maple seed oil.

[0074] The fatty acids in the greases in this application are mostly saturated or unsaturated
fatty acids with even number of carbon atoms. Commonly used are saturated acids such as
myristic acid (C14), palmitic acid (C16), and stearic acid (C18), and unsaturated acids such
as palmitoleic acid (C16, monoene), oleic acid (C18, monoene), linoleic acid (C18, diene),
and linolenic acid (C18, triene). Certain greases contain several special fatty acids, such as
tung oleic acid in tung oil, rape acid in rape oil, ricinoleic acid in castor oil, and citrus acid in
coconut oil.

[0075] According to the source, fat is divided into animal fat and vegetable fat. There are two
major types of animal fats, one is aquatic animal fats, such as fish, shrimp, and seals, and the
other is terrestrial animal fats, most of which contain saturated fatty acids and a relatively
small amount of unsaturated fatty acids. Vegetable fats, such as cottonseed oil, peanut oil,

rapeseed oil, soybean oil, etc., mainly contain unsaturated fatty acids, and the content of

18



polyunsaturated fatty acids (linoleic acid) is very high, accounting for 40-50% of the total fat.
But the fatty acids in coconut oil are mainly saturated fatty acids.

[0076] Medium chain triglyceride (MCT): a triglyceride composed of caproic acid (C6) to
lauric acid (C12), especially a structural lipid in which the fatty acid in its composition is a
fatty acid with a six-carbon chain to a twelve-carbon chain such as caprylic acid and capric
acid. Natural MCT is mainly derived from vegetable oils such as coconut oil and palm oil.
Triglycerides that are lower than caproic acid are short-chain fatty acid triglycerides (SCT),
and those that are higher than lauric acid are called long-chain fatty acid triglycerides (LCT).
[0077] Palm oil, also called as maripa oil: including: crude palm oil (CPO), palm meal (PE),
crude palm kernel oil (CPKO), palm kernel meal (PKE), refined palm oil (RBD PO), palm oil
salad oil (RBD PKO), palmitoleic acid (PFAD), palm oil (abbreviated as OLEAN), palm
stearin (abbreviated as STEARINE or ST), etc. Palm oil is semi-solid at room temperature,
and its consistency and melting point largely depend on the content of free fatty acids. Palm
oil with low acid value is often called soft oil, and oil with high acid value is called hard oil.
[0078] The wall material of probiotic microcapsules of the present application is preferably
selected from palm oil, particularly preferably about 33°C palm oil, about 40°C palm oil,
about 44°C palm oil, about 52°C palm oil, about 58°C palm oil, more preferably palm oil
having a melting point above about 40°C, especially palm oil having a melting point of about
40-50°C, such as palm oil having a melting point of about 40°C.

[0079] Preferably, the wall material of probiotic microcapsules of the present application is
selected from one or a combination of more of:

[0080] Vegetable oil: including cocoa butter substitute, cocoa butter, rapeseed oil, soybean
oil, corn oil, peanut oil, cottonseed oil, sunflower oil, palm oil (solid palm oil or liquid palm
oil), palm kernel oil, coconut oil, etc.; or

[0081] Animal oil: lard, tallow, fish oil, milk fat, mutton fat, etc.

[0082] Preferably, the wall material of probiotic microcapsules of the present application is
selected from fats with a melting point above about 40°C, especially fats with a melting point
of about 40-50°C, such as palm oil or MCT with a melting point of about 40°C.

[0083] Particularly preferred is one or a combination of more of: medium chain triglyceride

(MCT), cocoa butter substitute, palm oil, lecithin, palm oil monoglyceride, and hydrogenated
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fat (e.g., hydrogenated palm oil, hardened oil, hydrogenated soybean oil), etc., preferably
with a melting point of about 40°C or higher, and particularly preferably with a melting point
of about 40-50°C.

[0084] (3) Other materials:

[0085] Including: one or a combination of more of sodium alginate, shellac, CMC-Na, gellan,
xanthan gum, Kk-carrageenan, cellulose acetate phthalate, maltodextrin, starch, dextrin,
sucrose, lactose, dextran, corn syrup, pectin, gum arabic, chitosan, acetylated mono- or
di-glyceride fatty acid ester, konjac gum, carrageenan, wax or gelatin.

[0086] Enteric wall material: Enteric solubility refers to a process in which microcapsules
pass through the stomach environment without being destroyed or degraded, and finally enter
the intestine, where the wall material is disintegrated, dissolved or degraded, resulting in the
release of the core material inside the capsule. The enteric wall material can be a single wall
material or a composite wall material, including shellac, pectin, sodium alginate,
monoglycerides, triglycerides, hydrogenated fats (e.g., palm oil, hydrogenated palm oil,
hardened oil, hydrogenated soybean oil, etc.).

[0087] Preferably, the wall material of probiotic microcapsules of the present application has
enteric properties.

Composite wall material

[0088] The composite wall material of the present application refers to a wall material with
better performance by mixing two or more of the aforementioned wall materials. The
composite wall material of the present application has a good synergistic effect, which is
beneficial to improve the stability and compactness of the microcapsules containing these
components in the wall material, improve the quality of the microcapsule products, and
promote the application of the microcapsule technology in various industries.

[0089] Hydrocolloid: it usually refers to a macromolecular substance that can be dissolved in
water and fully hydrated under certain conditions to form a viscous, slippery or jelly solution.
It is widely used in food, medicine, chemical industry and many other fields. According to
the source, hydrocolloids can be divided into: plant secretions, such as gum, guar gum, gum
arabic, etc.; microbial fermentation products and metabolites, such as xanthan gum, gellan

gum, etc.; seaweed extracts, such as carrageenan, agar, alginate, etc.
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[0090] Pectin: it is a natural polysaccharide polymer compound extracted from plant cell
walls. Citrus peel, apple paste, beet pulp, etc. are the most common raw materials for
extracting pectin. According to the ratio of esterified galacturonic acid groups in the pectin
molecule, it can be divided into high methoxy pectin (including high methoxy water-soluble
tomato pectin and high methoxy citrus pectin, etc.) and low methoxy pectin (a degree of
esterification of 50% is used as a distinguishing value).

[0091] Curing agent: The curing agent in this application includes at least one of sodium
acetate, glacial acetic acid, citric acid, sodium citrate, calcium salt, and surfactant.

[0092] The curing agent is preferably a mixture of sodium acetate, glacial acetic acid and
surfactant, so that protein can form an irreversible chemical gel under the combined action of
non-covalent bonds and covalent bonds (e.qg., disulfide bonds), and the action of surfactants is
combined to increase the gel strength and stability of protein particles in the dispersed phase.

[0093] Preferably, the curing agent has a concentration of about 0.5 mol/L and a pH of about
4.5 to about 5.3, and contains a surfactant that accounts for about 0.01% to 0.1% of the
volume of the curing solution solution.

[0094] Binder: it includes starch, modified starch, compressible starch, dextrin, lactose,
animal gums such as gelatin, gum arabic, sucrose, tragacanth, liquid glucose, shellac, peel
gum, rosin, hydroxymethyl cellulose sodium, methyl cellulose, povidone, hydroxypropyl
cellulose, ethyl cellulose, hydroxypropyl methyl cellulose, polyethylene glycol,
microcrystalline cellulose, inorganic salt, etc. The preferred binder used for probiotic
microcapsules in the present application is starch, and the preferred binder concentration is

5%-20%.

DETAILED DESCRIPTION OF THE INVENTION
Microcapsule particles
[0095] A microcapsule with one or more layers of embedding structure, comprising: a pellet
core and optionally at least one layer of shell coating the pellet core;
[0096] wherein the pellet core includes an embedded substance and a microcapsule core
material, and

[0097] the at least one layer of shell coating the pellet core includes one, two or more layers
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of wall material.

[0098] In one embodiment, the outer diameter of the pellet core of the microcapsule is about
50-500 um (preferably about 50 to about 300 um), and the outer diameter of the
single-layered or multi-layered coated microcapsules is about 200 to about 1000 pum
(preferably about 100 to about 500 pm).

[0099] In one embodiment, the embedded substance includes a functional active substance
selected from one or more of functional polysaccharides, functional lipids, functional
proteins/peptides/amino acids, micro-ecological regulators, vitamins and minerals.

[00100] Preferably, the weight ratio of the embedded substance to the microcapsule core
material is 1:6-1:2.5 (more preferably 1:5-1:4).

[00101] In one embodiment, the functional polysaccharide is selected from one or more of
chitosan, tea polysaccharide, dietary fiber, and dextran; preferably, the functional lipid is
selected from one or more of lecithin, EPA and DHA,; preferably, the functional
protein/peptide/amino acid is selected from one or more of taurine, lactoferrin,
immunoglobulin, and whey protein peptide; preferably, the micro-ecological regulator is
selected from one or more of probiotics, prebiotics, and synbiotics.

[00102] In one embodiment, the wall material is selected from one or a combination of more
of:

[00103] Vegetable protein, such as soy protein, rice protein, wheat protein, corn protein, etc.;
preferably corn protein, or

[00104] Animal protein, such as whey protein, casein, etc.; preferably whey protein
concentrate (WPC), whey protein isolate (WPI) or whey protein peptide, especially
preferably whey protein isolate (WPI); or

[00105] Greases, such as greases with a melting point of 40°C or higher, preferably with a
melting point of 40-50°C, particularly preferably palm oil, medium chain glycerides,
hydrogenated greases (e.g., hydrogenated palm oil, hardened oil, hydrogenated soybean oil),
lecithin, cocoa butter substitutes, palm oil monoglycerides, coconut oil, soybean oil, peanut
oil, sunflower oil, or

[00106] Other materials, such as glycerin, oleic acid, sodium alginate, shellac, CMC-Na,

gellan, xanthan gum, k-carrageenan, cellulose acetate phthalate, maltodextrin, starch, dextrin,
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sucrose, lactose, dextran, corn syrup, pectin, gum arabic, chitosan, acetylated mono- or
di-glyceride fatty acid esters, konjac gum, carrageenan, wax or gelatin, etc.

[00107] Preferably, the wall material is selected from whey protein or grease, particularly
preferably WPI or MCT.

[00108] In one embodiment, the microcapsule core material includes one or a combination of
more of:

[00109] Vegetable protein, such as soy protein, rice protein, wheat protein, corn protein, etc.;
preferably corn protein, or

[00110] Animal protein, such as whey protein, casein, etc.; preferably whey protein
concentrate (WPC), whey protein isolate (WPI) or whey protein peptide, especially whey
protein isolate (WPI); or

[00111] Greases, such as greases with a melting point of 40°C or higher, preferably with a
melting point of 40-50°C, particularly preferably palm oil, medium chain glycerides, and
hydrogenated greases (e.g., hydrogenated palm oil, hardened oil, hydrogenated soybean oil),
Lecithin, cocoa butter substitutes, palm oil monoglycerides, coconut oil, soybean oil, peanut
oil, sunflower oil, or

[00112] Other materials, such as microcrystalline cellulose (MCC), glycerin, oleic acid,
sodium alginate, shellac, CMC-Na, gellan, xanthan gum, k-carrageenan, cellulose acetate
phthalate, maltodextrin, starch, dextrin, sucrose, lactose, dextran, corn syrup, pectin, gum
arabic, chitosan, acetylated mono- or di-glyceride fatty acid esters, konjac gum, carrageenan,
wax or gelatin, etc.

[00113] More preferably, the microcapsule core material includes microcrystalline cellulose
(MCC).

[00114] In one embodiment, the embedded substance includes probiotics;

[00115] Preferably, the probiotics are selected from one or more of Bifidobacterium
adolescentis, Bifidobacterium animalis (Bifidobacterium lactis), Bifidobacterium bifidum,
Bifidobacterium breve, Bifidobacterium infantis, Bifidobacterium longum, Lactobacillus
acidophilus, Lactobacillus casei, Lactobacillus crispatus, Lactobacillus delbrueckii subsp.
Bulgaricus, Lactobacillus delbrueckii subsp. lactis, Lactobacillus fermentum, Lactobacillus

gasseri, Lactobacillus helveticus, Lactobacillus johnsonii, Lactobacillus paracasei,
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Lactobacillus plantarum, Lactobacillus reuteri, Lactobacillus rhamnosus, Lactobacillus
salivarius, Streptococcus thermophilus, and Bacillus coagulans.

[00116] Preferably, the microcapsule particles of the present application are (light) yellow
spherical particles with a particle size of 300-500 microns. It is mainly composed of three
parts: a primary pellet core, a water-blocking coating layer and a hydrophilic coating layer,
wherein the number of embedding layers can be selected according to the characteristics of
the embedded substance, and is at least one. The multi-layered embedded microcapsule
particles are mainly for the purpose of being not affected by an environment of the product
when the embedded substance is added to the product, and not affecting the product. At the
same time, for some functional substances (e.g., probiotics) that function in the human small
intestine, the microcapsules can promote their sustained release.

[00117] The primary pellet core is mainly composed of an embedded functional (active)
substance and a microcapsule core material. The main function of this structure is to make the
embedded substance into spherical particles, so that the subsequent water-blocking coating
layer and hydrophilic coating layer can be better coated outside the pellet core to form
uniform spherical particles. The embedded substance may be a hydrophilic or hydrophobic
functional component (for example: functional protein, functional grease, vitamin, probiotics,
etc.). The embedded substance is mixed with the microcapsule core material in a ratio of
(1:3-4:1) according to its characteristics (e.g., viscosity, etc.). The core material of the
microcapsules is mainly microcrystalline cellulose (MCC), which can be optionally added or
replaced with sucrose, lactose, chitosan, etc. The embedded substance and the microcapsule
core material are uniformly mixed to form a 250-450 um primary pellet core.

[00118] The main function of the water-blocking coating layer is to block the embedded
substance from the moisture in the product (or environment), and to protect the embedded
substance from being affected by gastric acid so that the embedded substance can reach the
human intestine. The water-blocking coating layer is mainly based on prolamin, and
substances (including glycerin, oleic acid, etc.) that can increase the plasticity and toughness
of prolamin are added at a ratio of 3%-10% to improve the performance of the water-blocking
coating layer. substance. During coating, the prolamin can be dissolved by 50-75% ethanol,

and the specific ratio is affected by the tolerance of the embedded substance to ethanol. The
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number of water-blocking coating layers can be determined according to the affected degree
of the embedded substance by water.

[00119] The outermost layer of the microcapsule is a hydrophilic coating layer. The main
function of this layer is that the microcapsule particles can be uniformly added to an aqueous
product without agglomeration, thereby ensuring the uniformity of addition of microcapsule
particles in the product. This layer is mainly composed of hydrophilic polysaccharides with
film-forming properties as embedding wall materials, such as pectin, soybean
polysaccharides or whey protein isolate.

Preparation method of microcapsule particles

[00120] A method for preparing microcapsules having one or more layers of embedding
structure, comprising the following steps:

(1) preparation of a primary pellet core: uniformly mixing an embedded substance and a
microcapsule core material, optionally curing, and filtering to collect wet particles, and then
drying to obtain a primary pellet core; and optionally

(2) preparation of multi-layered microcapsules: uniformly coating a layer of wall material
outside the pellet core particles, and optionally spraying curing solution to cure a capsule wall,
drying the prepared microcapsules, collecting dry particles of microcapsules or further
coating them once or more times.

[00121] In one embodiment, the step (1) is to prepare pellet cores by extrusion
spheronization granulation method, centrifugal granulation method, acute angle extrusion
granulation method, or fluidized bed spray granulation method (preferably extrusion
spheronization granulation method or centrifugal granulation method), and dry and collect the
obtained pellet cores.

[00122] Preferably, the step (2) is to coat the wall material by means of fluidized bed spray.
[00123] Regarding the preparation of probiotic microcapsule particles, in order to achieve the
objectives of the above-mentioned disclosure, a preferred technical solution is:

a preparation method of probiotic microcapsules, comprising the following steps: primary
core making; and secondary fluidization.

[00124] In the method, the scheme of primary core making is as described in 1 or 1' below.

The scheme of secondary fluidization is as described in 2.
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[00125] 1. Primary core making (extrusion spheronization granulation) scheme

[00126] The raw materials include (based on 1000 parts by weight of dry microcapsule
particles): 10-30 parts by weight of probiotic mud or powder, 90-70 parts by weight of
microcrystalline cellulose (MCC), 100 parts by weight of water (or a mixed solution of water
and ethanol), and optional sucrose, lactose, chitosan, etc.

[00127] Preparation:

[00128] Probiotic powder/bacteria mud and microcrystalline cellulose are uniformly mixed
and added to a wet granulation pot for pre-mixing for 10 minutes;

[00129] A cutting knife is turned on, a peristaltic pump is turned on at 20-30 r/min, water
consumption is 13.5-14 kg, and time consumption is about 30mins;

[00130] A soft material with a water content of 49.7% is obtained,;

[00131] A granulator is started, the number of extrusion revolutions is adjusted, the soft
material is added, a strip-shaped soft material is extruded through an orifice plate and
collected on a receiving tray. The extrusion motor is stopped, the spheronization rotation
number is adjusted, the spheronization motor is started, and extruded strips of soft material
are poured into a spheronization cylinder at one time and spheronized;

[00132] After the spheronization is completed, the pellets are dried in a fluidized bed or oven,
and the drying temperature is 45-50°C.

[00133] In the above steps, if the probiotic powder and microcrystalline cellulose are not
sufficiently mixed, the distribution of bacteria in the pellet cores produced later would be
uneven, and the difference in the number of bacteria in the microcapsule particles produced
later would be too large. If the feeding speed and the extrusion speed do not match, suitable
strips cannot be extruded, and subsequent granulation cannot be performed. If the
spheronization speed is not appropriate, a regular spherical pellet core cannot be formed, and
a cylindrical or elliptical pellet core may be formed, which is not conducive to the subsequent
fluidization of the water blocking layer and the addition of the product.

[00134] 1', primary core making (centrifugal granulation) scheme

[00135] Raw materials: 10-30 parts by weight of probiotic mud or powder, 90-70 parts by
weight of microcrystalline cellulose (MCC), 27-21 parts by weight of water (or

hydroxypropyl methylcellulose (HPMC)), and optional sucrose, lactose, chitosan, etc.
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[00136] Preparation:

[00137] The turntable of a centrifugal granulator is turned on, the probiotic powder and
microcrystalline cellulose are premixed and put into the centrifugal granulator with a rotating
speed of 300 revolutions/min;

[00138] Water or HPMC is added, and the centrifugal granulator is started to spray a slurry;
[00139] After the particles have risen to 100-200 microns, a mixed powder of probiotic
powder and MCC is sprinkled to make the particles rise to about 300 microns. The slurry
spraying is stopped, the speed of the turntable is adjusted to 700 rpm, and the particles are
spheronized,

[00140] After the spheronization is completed, the pellets are dried in a fluidized bed, and the
drying temperature is 45-50°C.

[00141] In the above steps, if the probiotic powder is not uniformly mixed with the
microcrystalline cellulose before granulation, the bacterial count of the finished microcapsule
particles will be uneven, resulting in the particles not reaching standardization. If the ratio of
probiotic powder to microcrystalline cellulose is not appropriate, spherical particles cannot be
rolled out in the centrifugal granulator, and they will remain in powder state or aggregate into
agglomerates. If the ratio of binder to dry matter is not appropriate, spherical particles cannot
be rolled out in the centrifugal granulator, and the particles will aggregate into agglomerates.
If the rotating speed of the centrifugal turntable is not suitable, the primary pellet core of
suitable size cannot be formed, and the pellet core may be too large or too small, which is not
conducive to subsequent fluidization and product addition.

[00142] 2. The basic plan of secondary fluidization:

[00143] Raw materials: water-blocking coating layer solution 1: 600-800 parts by weight of
75% alcohol, 150-180 parts by weight of prolamin, 70-100 parts by weight of oleic acid,;
water-blocking coating layer solution 2: 600-800 parts by weight of 75% alcohol, 150-180
parts by weight of prolamin, 30-50 parts by weight of oleic acid; optional water-blocking
coating layer 3: medium-chain triglycerides (MCT) with 1.8% particle mass; hydrophilic
coating layer solution: 95-97 parts by weight of water and 3-5 parts by weight of pectin (it
can be replaced by other polysaccharides with film-forming properties).

[00144] The coating sequence of the water-blocking coating layers is not fixed; the
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hydrophilic coating layer is fluidized on the outermost layer of the particles.

[00145] Preparation:

[00146] MCT layer: the particles are infiltrated in MCT for 16 hours.

[00147] Other coating layers:

[00148] Using a fluidized bed spray granulation method, the coating solution is heated to 25
to 75°C, wherein the inlet air temperature of a fluidized bed is 60 to 80 °C, and the air flow is
between 20 and 100.

[00149] The water-blocking coating solution is atomized by a spray gun and sprayed into a
fluidized bed, so that droplets uniformly wrap the core particles obtained by the primary core
making, and are dried in a fluidized bed to form particles with a single water blocking layer.
[00150] On this basis, a water-blocking coating layer solution can be sprayed uniformly
outside the particles with a single water blocking layer to form particles with two or more
water blocking layers.

[00151] Finally, the hydrophilic coating layer solution is sprayed outside the double-layered
or multi-layered microcapsule particles.

[00152] The prepared microcapsules are dried in a fluidized bed. Each time about 50 kg of
dried particles are fluidized. According to the degree of adhesion between the particles, after
every 15-20 minutes of fluidization, the particles are finished by a finisher with a 40-mesh
screen, and then the particles under the sieve are further fluidized, and the particles on the
sieve are discarded.

[00153] Dry particles of multi-layered microcapsules are collected.

[00154] The key steps include: after fluidization of every 400 ml of coating solution, the
particles are passed through a 50-80 mesh screen, and the particles larger than 80 mesh and
smaller than 50 mesh are discarded.

[00155] In the above steps, if the inlet air temperature of the fluidized bed is too high, the
entrapped material will lose its activity. If the inlet air temperature of the fluidized bed is too
low, the particles will stick to each other. If the air flow of the fluidized bed is too low, the
particles cannot be blown up in the fluidized bed and cannot be uniformly wrapped by the
fluidizing wall material. If the air flow in the fluidized bed is too high, the particles will be

blown onto the filter bag and stick together and cannot continue to be fluidized. If the
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atomization pressure is not suitable, the wall material cannot be uniformly wrapped on the
pellet core. A batch of fluidization greater than 400mL will cause the adhered particles in the
fluidized bed to be continuously adhered and affect the final yield. Therefore, after every 400
ml of fluidization, the adhered particles are separated in time through the screen.

[00156] Regarding the preparation of whey protein peptide microcapsule particles, in order to
achieve the objective of the above-mentioned disclosure, the preferred technical solution is:
[00157] Raw materials: whey protein powder: 200-400 parts by weight; microcrystalline
cellulose: 600-800 parts by weight; water-blocking coating layer solution 1: 600-800 parts by
weight of 75% alcohol, 150-180 parts by weight of prolamin, 70-100 parts by weight of oleic
acid; water-blocking coating layer solution 2: 600-800 parts by weight of 75% alcohol,
150-180 parts by weight of prolamin, and 30-50 parts by weight of oleic acid. Optional
water-blocking coating layer 3: medium chain triglyceride (MCT) with 1.8% particle mass.
[00158] Hydrophilic coating layer solution: 95-97 parts by weight of water, 3-5 parts by
weight of pectin (it can be replaced by other polysaccharides with film-forming properties).
[00159] Preparation:

[00160] The whey protein peptide powder and microcrystalline cellulose are uniformly
mixed and added to a wet granulation pot for pre-mixing for 10 minutes.

[00161] The cutting knife is turned on, and the peristaltic pump is turned on, wherein the
speed is 20-30 r/min, the water consumption is 13.5-14 kg, and the time is about 30 mins.
[00162] A soft material with a water content of 49.7% is obtained.

[00163] A granulator is started, the number of extrusion revolutions is adjusted, and the soft
material is added. A strip-shaped soft material is extruded through the orifice plate and
collected on a receiving tray. The extrusion motor is stopped, and the spheronization rotation
number is adjusted. The spheronization motor is started, and the extruded strip-shaped soft
materials are poured into a spheronization cylinder at one time and spheronized.

[00164] After the spheronization is completed, the pellets are dried in a fluidized bed or oven,
and the drying temperature is 45-50°C.

[00165] MCT layer: the particles are infiltrated in MCT for 16 hours.

[00166] Other coating layers:

[00167] Using a fluidized bed spray granulation method, the coating solution is heated to 25
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to 75°C, wherein the inlet air temperature of a fluidized bed is 60 to 80°C, and the air flow is
between 20 and 100.

[00168] The water-blocking coating solution is atomized by a spray gun and sprayed into a
fluidized bed, so that droplets uniformly wrap the core particles obtained by the primary core
making, and are dried in a fluidized bed to form particles with a single water blocking layer.
[00169] On this basis, a water-blocking coating layer solution can be sprayed uniformly
outside the particles with a single water blocking layer to form particles with two or more
water blocking layers.

[00170] Finally, the hydrophilic coating layer solution is sprayed outside the double-layered
or multi-layered microcapsule particles.

[00171] The prepared microcapsules are dried in a fluidized bed. Each time about 50 kg of
dried particles are fluidized. According to the degree of adhesion between the particles, after
every 15-20 minutes of fluidization, the particles are finished by a finisher with a 40-mesh
screen, and then the particles under the sieve are further fluidized, and the particles on the
sieve are discarded.

[00172] Dry particles of multi-layered microcapsules are collected.

Probiotic microcapsules and preparation method thereof

[00173] The present application relates to a probiotic microcapsule. The probiotic
microcapsule has one or more layers of embedding structure, including: probiotic core
particles and optionally at least one layer of shell coating the probiotic core particles, wherein
the probiotic core particles include a core material and a first layer of wall material, the core
material includes one or more kinds of probiotic powder or probiotic mud, and the core
material is coated by the first layer of wall material,

[00174] The at least one layer of shell coating the probiotic core particles includes one, two
or more layers of wall materials, which are respectively a second layer of wall material, a
third layer of wall material, or more layers of wall material.

[00175] Optionally, the above-mentioned probiotic core particles further include a binder.
[00176] Preferably, based on 1000 parts by weight of dry microcapsule particles, the weight
ratio of the composition of the above microcapsules is: about 50 to 500 parts by weight of

probiotic mud or powder; about 150 to 950 parts by weight of the first layer of wall material;
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about 0 to 350 parts by weight of the second layer of wall material; about 0 to 350 parts by
weight of the third layer of wall material; and about 0 to 260 parts by weight of the fourth
layer of wall material.

[00177] Preferably, in the above-mentioned preparation method of probiotic microcapsules,
based on 1000 parts by weight of dry microcapsule particles,

[00178] The probiotic mud or powder is about 50 to about 500 parts by weight, more
preferably, about 100 parts by weight, about 150 parts by weight, about 200 parts by weight,
about 250 parts by weight, about 300 parts by weight, about 350 parts by weight, about 400
parts by weight, about 450 parts by weight or any range therebetween, particularly preferably
about 250 to about 400 parts by weight;

[00179] The first layer of wall material is about 150 to about 950 parts by weight, more
preferably, about 200 parts by weight, about 250 parts by weight, about 300 parts by weight,
about 350 parts by weight, about 400 parts by weight, about 450 parts by weight, about 500
parts by weight, about 550 parts by weight, about 600 parts by weight, about 650 parts by
weight, about 700 parts by weight, about 750 parts by weight, about 800 parts by weight,
about 850 parts by weight, about 900 parts by weight, or any range therebetween, particularly
preferably about 450 to about 750 parts by weight;

[00180] The optional second layer of wall material is about O to about 350 parts by weight,
more preferably, about 100 parts by weight, about 150 parts by weight, about 200 parts by
weight, about 250 parts by weight, about 300 parts by weight or any range therebetween,
especially preferably about 200 to about 300 parts by weight;

[00181] The optional third layer is about O to about 350 parts by weight, more preferably,
about 100 parts by weight, about 150 parts by weight, about 200 parts by weight, about 250
parts by weight, about 260 parts by weight, about 300 parts by weight, or any range
therebetween, especially preferably about 200 to about 300 parts by weight;

[00182] The optional fourth layer is about 0 to about 250 parts by weight, more preferably,
about 100 parts by weight, about 150 parts by weight, about 200 parts by weight, about 250
parts by weight, about 260 parts by weight, about 250 parts by weight, or any range
therebetween, especially preferably about 100 to about 250 parts by weight.

[00183] Preferably, the probiotics are selected from one or more of Bifidobacterium
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adolescentis, Bifidobacterium animalis (Bifidobacterium lactis), Bifidobacterium bifidum,
Bifidobacterium breve, Bifidobacterium infantis, Bifidobacterium longum, Lactobacillus
acidophilus, Lactobacillus casei, Lactobacillus crispatus, Lactobacillus delbrueckii subsp.
Bulgaricus, Lactobacillus delbrueckii subsp. lactis, Lactobacillus fermentum, Lactobacillus
gasseri, Lactobacillus helveticus, Lactobacillus johnsonii, Lactobacillus paracasei,
Lactobacillus plantarum, Lactobacillus reuteri, Lactobacillus rhamnosus, Lactobacillus
salivarius, Streptococcus thermophilus, and Bacillus coagulans.

[00184] In one embodiment, the wall material of the above-mentioned probiotic
microcapsules is selected from one or a combination of more of edible protein, grease, or
other materials.

[00185] Preferably, the above-mentioned edible protein is selected from one or a combination
of more of animal protein or plant protein,

[00186] wherein the animal protein is any animal protein suitable for the probiotic
microcapsules of the present application, such as one or a combination of more of any animal
protein defined in the present application, preferably milk protein, egg protein, casein, etc.,
more preferably whey protein, including whey protein concentrate (WPC), whey protein
isolate (WPI) or whey protein peptides, especially preferably whey protein isolate (WPI);
[00187] wherein the plant protein is any plant protein suitable for the probiotic microcapsules
of the present application, for example, one or a combination of more of any plant protein
defined in the present application, including oilseed protein, bean protein, gluten protein, etc.,
[00188] wherein the oilseed protein is preferably, peanut protein, sesame protein, rapeseed
protein, sunflower protein, cotton seed protein, safflower protein, coconut protein, etc.;
[00189] wherein the bean protein is preferably, soy protein, broad bean protein, pea protein,
mung bean protein, adzuki bean protein, kidney bean protein, etc.;

[00190] wherein the gluten protein is preferably, rice (indica rice, japonica rice, glutinous
rice) protein, wheat (wheat, barley, oat, rye) protein, corn protein, sorghum protein, millet
protein, broomcorn millet protein, yellow rice protein, buckwheat protein, etc., and potato
protein: including sweet potato protein, potato protein, yam protein, taro protein, tapioca
protein, etc.;

[00191] wherein the corn protein is preferably zein, corn germ protein, etc.
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[00192] Preferably, the above grease is any grease suitable for the probiotic microcapsules of
the present application, for example, one or a combination of more of the greases defined in
the present application, preferably selected from one or a combination of more of:

[00193] Preferably, the wall material of probiotic microcapsules of the present application is
selected from one or a combination of more of:

[00194] Vegetable oil: including cocoa butter substitute, cocoa butter, rapeseed oil, soybean
oil, corn oil, peanut oil, cottonseed oil, sunflower oil, palm oil (solid palm oil or liquid palm
oil), palm kernel oil, coconut oil, etc.; or

[00195] Animal oil: lard, tallow, fish oil, milk fat, mutton fat, etc.

[00196] Preferably, the wall material of probiotic microcapsules of the present application is
selected from a grease with a melting point above 40°C, especially greases with a melting
point of 40-50°C, such as palm oil or MCT with a melting point of 40°C.

[00197] Particularly preferred is one or a combination of more of: medium chain
triglycerides (MCT), cocoa butter substitute, palm oil, lecithin, palm oil monoglycerides,
hydrogenated greases (e.g., hydrogenated palm oil, hardened oil, hydrogenated soybean oil),
etc., the melting point of which is preferably 40°C or higher, particularly preferably a melting
point of 40-50°C.

[00198] More preferably, palm oil with a melting point of 40°C or higher, especially palm oil
with a melting point of 40-50°C, such as palm oil with a melting point of 40°C.

[00199] Preferably, the above-mentioned other materials are selected from one or a
combination of more of: sodium alginate, shellac, CMC-Na, gellan, xanthan gum,
k-carrageenan, cellulose acetate phthalate, maltodextrin, starch, dextrin, sucrose, lactose,
dextran, corn syrup, pectin, gum arabic, chitosan, acetylated mono- or di-glyceride fatty acid
esters, konjac gum, carrageenan, wax or gelatin, etc.

[00200] In one embodiment, the above-mentioned probiotic microcapsules have one or more
layers of embedding structure, including: probiotic core particles and a layer of shell coating
the probiotic core particles, wherein the probiotic core particles include a core material and a
first layer of wall material, wherein the core material includes one or more kinds of probiotic
powder or probiotic mud, and is coated by the first layer of wall material, and the layer of

shell coating the probiotic core particle includes a second layer of wall material, an optional
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third layer of wall material and an optional fourth layer of wall material; optionally, the
above-mentioned probiotic core particles further include a binder.

[00201] In the embodiment, the above-mentioned first layer of wall material is grease or
whey protein (WPI) or a combination thereof.

[00202] In one embodiment, the above-mentioned probiotic microcapsules have one or more
layers of embedding structure, wherein the second layer of the wall material is WPI or grease
or a combination thereof.

[00203] In one embodiment, the probiotic microcapsules described above have one or more
layers of embedding structure, wherein the first layer of wall material is WPI, preferably with
about 150 to about 950 parts by weight, more preferably about 300 to 750 parts by weight;
[00204] The optional second layer of wall material is WPI, preferablywith about 0-350
parts by weight, more preferably about 300-350 parts by weight; or

[00205] The optional second layer of wall material is grease, preferably with a melting point
of 40-50°C, especially palm oil or MCT, preferably, with about 0-350 parts by weight, more
preferably about 150, 200 or 300 parts by weight;

[00206] The optional third layer of wall material is WPI, preferably with about 0-350 parts
by weight, more preferably about 250 or 260 parts by weight; or

[00207] The optional third layer of wall material is grease, preferably with a melting point of
40-50°C, especially palm oil or MCT, preferably, with about 0-350 parts by weight, more
preferably about 150, 200 or 300 parts by weight;

[00208] The optional fourth layer of wall material is WPI, preferably with about 0 to 250
parts by weight, more preferably about 300 to 350 parts by weight.

[00209] In one embodiment, the wall material of the probiotic microcapsule described above
is a composite wall material selected from a combination of multiple materials.

[00210] In one aspect of the present application, the present application also relates to a
method for preparing probiotic microcapsules having one or more layers of embedding
structure, including: probiotic core particles and optionally at least one layer of a shell
coating the probiotic core particles, wherein the probiotic core particles include a core
material and a first layer of wall material, wherein the core material includes one or more

kinds of probiotic powder or probiotic mud, and is coated by the first layer of wall material,
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and the at least one layer of shell coating the core particles includes one, two or more layers
of wall material, which are respectively the second layer of wall material, the third layer of
wall material, or more layers of wall material,

[00211] Optionally, the above-mentioned probiotic core particles further include a binder;
[00212] The preparation of the probiotic microcapsules described above comprises the
following steps:

[00213] (1) preparation of single-layered microcapsules: optionally uniformly mixing
probiotic powder or probiotic mud with the first wall material, optionally curing, and filtering
to collect wet particles and drying to obtain dry particles of single-layered microcapsule; and
optionally

[00214] (2) preparation of multi-layered microcapsules: using the above-mentioned dry
particles of single-layered microcapsule as probiotic core particles, and uniformly coating a
layer of wall material outside the probiotic core particles (preferably by fluidized bed spray
granulation method), and optionally spraying a curing solution to cure the capsule wall,
drying the prepared microcapsules (preferably drying in a fluidized bed), collecting dry
particles of the double-layered microcapsules or further coating them once or more times.
[00215] In one embodiment, in the above-mentioned preparation method of probiotic
microcapsules, the probiotic microcapsules obtained by the above-mentioned method are
based on 1000 parts by weight of dry microcapsule particles,

[00216] The probiotic mud or powder is about 50 to about 500 parts by weight, more
preferably, about 50 parts by weight, about 100 parts by weight, about 150 parts by weight,
about 200 parts by weight, about 250 parts by weight, about 300 parts by weight, about 350
parts by weight, about 400 parts by weight, about 450 parts by weight, about 500 parts by
weight, or any range therebetween, particularly preferably about 250 to about 400 parts by
weight;

[00217] The first layer of wall material is about 150 to about 950 parts by weight, more
preferably, about 200 parts by weight, about 250 parts by weight, about 300 parts by weight,
about 350 parts by weight, about 400 parts by weight, about 450 parts by weight, about 500
parts by weight, about 550 parts by weight, about 600 parts by weight, about 650 parts by
weight, about 700 parts by weight, about 750 parts by weight, about 800 parts by weight,
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about 850 parts by weight, about 900 parts by weight, about 950 parts by weight, or any
range therebetween, particularly preferably about 450 to about 750 parts by weight;

[00218] The optional second layer of wall material is about O to about 350 parts by weight,
more preferably, about 100 parts by weight, about 150 parts by weight, about 200 parts by
weight, about 250 parts by weight, about 300 parts by weight, about 350 parts by weight or
any range therebetween, especially preferably about 200-300 parts by weight;

[00219] The optional third layer is about O to about 350 parts by weight, more preferably,
about 100 parts by weight, about 150 parts by weight, about 200 parts by weight, about 250
parts by weight, about 260 parts by weight, about 300 parts by weight, about 350 parts by
weight or any range therebetween, particularly preferably about 200 to about 300 parts by
weight.

[00220] In one embodiment, in the above-mentioned preparation method of probiotic
microcapsules, the ratio of probiotic powder or probiotic mud to the first wall material is
about 1:1 to about 1:19, preferably about 1:1, about 1:2, about 1:3, about 1:4, about 1:5, about
1:6, about 1:7, about 1:8, about 1:9, about 1:10, about 1:11, about 1:12, about 1:13, about
1:14, about 1:15, about 1:16, about 1:17, about 1:18, about 1:19, or any range therebetween,
particularly preferably about 1:3 to 4:6.

[00221] In one embodiment, this application also relates to a method for preparing probiotic
microcapsules having one or more layers of embedding structure, comprising the following
steps:

[00222] (1) Coating of the first layer of microcapsules:

[00223] a. Optionally, adding a binder to probiotic mud or powder for granulation;

[00224] b. Optionally, pre-treating the first wall material:

[00225] Mixing the first wall material with water, fully dissolving, and then carrying out
alternate heating and cooling treatments to form a stable gel:

[00226] (i) Preferably, the first wall material is well mixed with water, and stirred at a low
temperature of about 2 to 8°C for about 4 to 16 hours, wherein the preferred rotation speed is
about 170 to 240 rpm;

[00227] (ii)) More preferably, the first wall material is further subjected to heat treatment at

about 75 to about 96°C (preferably about 75°C, about 76°C, about 77°C, about 78°C, about
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79°C, about 80°C, about 81°C, about 82°C, about 83°C, about 84°C, about 85°C, about 86°C,
about 87°C, about 88°C, about 89°C, about 90°C, about 91°C, about 92°C, about 93°C, about
94°C, about 95°C, about 96°C, or any range therebetween) for about 30 to about 180 minutes
(preferably about 35, about 40, about 45, about 50, about 55, about 60, about 65, about 70,
about 75, about 80, about 85, about 90, about 95, about 100, about 105, about 110, about 115,
about 120, about 125, about 130, about 135, about 140, about 145, about 150, about 155,
about 160, about 165, about 170, about 175 minutes, or any range therebetween), wherein the
preferred rotation speed is 85 to 115 rpm/min;

[00228] (iii) Preferably, cooling immediately at a cooling temperature of about -20 to about
4°C; and storing at about 4°C for about 12 to about 60 hours (preferably about 12, about 13,
about 14, about 15, about 16, about 17, about 18, about 19, about 20, about 21, about 22,
about 23, about 24, about 25, about 26, about 27, about 28, about 29, about 30, about 31,
about 32, about 33, about 34, about 35, about 36, about 37, about 38, about 39, about 40,
about 41, about 42, about 43, about 44, about 45, about 46, about 47, about 48, about 49,
about 50, about 51, about 52, about 53, about 54, about 55, about 56, about 57, about 58,
about 59, about 60 hours, or any range therebetween) to obtain a gel solution of the first wall
material;

[00229] Preferably, the above-mentioned first wall material is WPI, preferably with about
150 to about 950 parts by weight, more preferably about 300 to 750 parts by weight;

[00230] c. Uniformly wrapping droplets of the first wall material on probiotic powder,
probiotic mud, or the particles obtained in step a above;

[00231] d. Curing: uniformly wrapping droplets of a curing solution on the particles obtained
in step ¢ above;

[00232] e. Drying;

[00233] Preferably, the ratio of probiotic powder or probiotic mud to the first wall material is
2-10:8-16;

[00234] (2) Optional coating of the second layer of microcapsules:

[00235] f. Using the dry particles of single-layered microcapsule obtained in step (1) as core
particles and mixing with the second layer of wall material to prepare double-layered

microcapsules. The second layer of wall material is preferably grease (preferably grease with
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a melting point of 40-50°C, especially palm oil or MCT) or whey protein, preferably with
about 0-350 parts by weight;

[00236] g. Drying the microcapsules made in step f and collecting the double-layered dry
microcapsule particles;

[00237] (3) Optional third or more coating:

[00238] j. Further coating the double-layered microcapsules obtained in step (2) for the third
or more times according to the aforementioned method;

[00239] The third wall material is preferably grease (preferably grease with a melting point
of 40-50°C, especially palm oil or MCT) or whey protein, preferably with about 0-350 parts
by weight.

[00240] Preferably, in the above-mentioned preparation method of probiotic microcapsules,
the wet particles prepared in the step of (1) coating of the first layer of microcapsules have a
particle size of <400um, preferably 50-300um, after being dried.

[00241] Preferably, in the step of (1) coating of the first layer of microcapsules, an extrusion
granulation method is used.

[00242] Preferably, in the step of (1) coating of the first layer of microcapsules, a fluidized
bed granulation method is used.

[00243] Preferably, in the above-mentioned method for preparing the probiotic microcapsules,
in the step of (1) coating of the first layer of microcapsules, the curing agent is selected from
one or a mixture of more of sodium acetate, citric acid, sodium citrate, calcium salt, glacial
acetic acid and surfactant. Preferably, the curing agent is an acetic acid-sodium acetate buffer
solution, and Tween-20 accounting for about 0.01% to about 0.1% of the volume of the
curing agent solution is added. Preferably, the curing agent solution has a concentration of
about 0.5 mol/L and a pH of about 4.5 to about 5.3.

Preparation method (A) of probiotic microcapsules

[00244] The present disclosure also relates to a method for preparing probiotic microcapsules
having one or more layers of embedding structure, comprising: probiotic core particles and
optionally at least one layer of shell coating the probiotic core particles, wherein the core
particles include a core material and a first layer of wall material, wherein the core material

includes one or more kinds of probiotic powder or probiotic mud, and coated by the first
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layer of wall material, and the at least one layer of shell coating the core particles includes
two or more layers of wall materials, which are respectively a second layer of wall material, a
third layer of wall material or more layers of wall material, the method comprising the
following steps:

[00245] (1) preparation of single-layered microcapsules: optionally mixing the probiotic
powder or probiotic mud with a binder, and granulating, and then uniformly mixing with the
first wall material (preferably acute angle extrusion granulation method) and optionally
curing and filtering to collect wet particles and drying to obtain dry particles of single-layered
microcapsule; and optionally

[00246] (2) preparation of multi-layered microcapsules: using the above-mentioned dry
particles of single-layered microcapsule as core particles, and uniformly coating a layer of
wall material outside the core particles (preferably by fluidized bed spray granulation
method), and optionally sprayed a curing solution so that the capsule wall is cured and
insoluble in water, and drying the prepared microcapsules (preferably dried in a fluidized
bed), and collecting dry particles of double-layered microcapsules or further coating once or
more times.

[00247] The present disclosure also relates to a method for preparing probiotic microcapsules
having one or more layers of embedding structure, comprising the following steps:

[00248] (1) Coating of the first layer of microcapsules: fully mixing the first wall material
with probiotic powder or mud, and then granulating, optionally adding a curing agent
solution dropwise, and curing, filtering and collecting the microcapsule particles, and
optionally drying the obtained microcapsules to obtain probiotic core particles; and optionally
[00249] (2) Coating of the second layer of microcapsules: uniformly mixing the
microcapsules obtained in step (1) with a second wall material, preparing microcapsules by a
fluidized bed spray method, drying the prepared microcapsules and collecting dry particles of
the double-layered microcapsules;

[00250] (3) Optionally, further coating the microcapsules obtained in step (2) in a fluidized
bed for a third or more times.

[00251] In one embodiment, in the above-mentioned preparation method of probiotic

microcapsules, the first wall material is whey protein, and the whey protein is subjected to a
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pre-denaturation treatment: the whey protein is mixed with water, fully dissolved, and then
subjected to alternate heat and cold treatments to form a stable gel.

[00252] Preferably, the whey protein is mixed uniformly with water, and stirred at a low
temperature of 2 to 8°C for 4 to 16 hours, and the rotation speed is 170 to 240 per minute;
[00253] More preferably, the whey protein solution is further subjected to heat treatment at
about 75 to about 96°C (preferably about 75°C, about 76°C, about 77°C, about 78°C, about
79°C, about 80°C, about 81°C, about 82°C, about 83°C, about 84°C, about 85°C, about 86°C,
about 87°C, about 88°C, about 89°C, about 90°C, about 91°C, about 92°C, about 93°C, about
94°C, about 95°C, about 96°C, or any range therebetween) for about 30 to about 180 minutes
(preferably about 35, about 40, about 45, about 50, about 55, about 60, about 65, about 70,
about 75, about 80, about 85, about 90, about 95, about 100, about 105, about 110, about 115,
about 120, about 125, about 130, about 135, about 140, about 145, about 150, about 155,
about 160, about 165, about 170, about 175 minutes, or any range therebetween), and the
rotation speed is 85 to 115 rpm/min;

[00254] Preferably, cooling immediately, wherein the cooling temperature is about -20 to
about 4°C; and storing at about 4°C for about 12 to about 60 hours (preferably about 12,
about 13, about 14, about 15, about 16, about 17, about 18, about 19, about 20, about 21,
about 22, about 23, about 24, about 25, about 26, about 27, about 28, about 29, about 30,
about 31, about 32, about 33, about 34, about 35, about 36, about 37, about 38, about 39,
about 40, about 41, about 42, about 43, about 44, about 45, about 46, about 47, about 48,
about 49, about 50, about 51, about 52, about 53, about 54, about 55, about 56, about 57,
about 58, about 59, about 60 hours, or any range therebetween) to obtain a whey protein gel
solution.

[00255] Preferably, in the step of (1) coating of the first layer of microcapsules, an extrusion
granulation method is used.

[00256] Preferably, in the step of (1) coating of the first layer of microcapsules, an acute
angle extrusion granulation method is used to granulate to obtain microcapsules coated with
whey protein.

[00257] The preferred parameters are: a pore diameter of an extrusion nozzle of about 150 to

about 750 um (preferably about 150, about 200, about 250, about 300, about 350, about 400,
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about 450, about 500, about 550, about 600, about 650, about 700, about 750um or any range
therebetween), a preferred nozzle of a combination of about 150 to about 200um and about
300 to about 500um, a voltage of about 1500 to about 1800mv (preferably about 1300, about
1400, about 1500, about 1600, about 1700, about 1800 mv or any range therebetween), a
frequency of about 1300 to about 1500 Hz (preferably about 1300, about 1400, about 1500 or
any range therebetween), and a pressure of about 290 to about 330 mbar.

[00258] Preferably, in the above-mentioned method for preparing the probiotic microcapsules,
the curing agent in the step of (1) coating of the first layer of microcapsules is selected from
one or a mixture of more of sodium acetate, citric acid, sodium citrate, calcium salt, glacial
acetic acid and surfactant. Preferably, the curing agent is an acetic acid-sodium acetate buffer
solution, and Tween-20 accounting for about 0.01% to about 0.1% of the volume of the
curing agent solution is added. Preferably, the curing agent solution has a concentration of
about 0.5 mol/L and a pH of about 4.5 to about 5.3.

[00259] Preferably, in the above-mentioned method for preparing the probiotic microcapsules,
in the step of (2) coating of the second layer of microcapsules, the second layer of wall
material is WPI or grease (preferably palm oil or MCT) or a composition thereof.

[00260] Preferably, in the above-mentioned method for preparing the probiotic microcapsules,
in the step of (2) coating of the second layer of microcapsules, a fluidized bed method is used
for the second coating, a whey protein gel solution heated to 25 to 75°C is preferably used,
and the inlet air temperature of a fluidized bed is preferably 30 to 80°C.

[00261] Preferably, in the above-mentioned method for preparing the probiotic microcapsules,
in the step of (2) coating of the second layer of microcapsules, the second layer of wall
material is grease, wherein the grease is preferably palm oil or medium-chain triglyceride
(MCT), and the microcapsules obtained in step (2) are further coated with WPI for the third
time.

[00262] Preferably, in the above-mentioned double-layered or multi-layered probiotic
microcapsules, the outer diameter of the core particles obtained after the first layer coating is
about 50-500 pum (preferably about 50 to about 300 pwm), and the outer diameter of the
double-layered or multi-layered microcapsules is about 200 to about 1000 um (preferably

about 100 to about 500 pum).

41



Preparation method (B) of probiotic microcapsules

[00263] The present disclosure relates to a preparation method of probiotic microcapsules
having one or more layers of embedding structure, including: probiotic core particles and
optionally at least one layer of shell coating the probiotic core particles, wherein the core
particles include a core material and a first layer of wall material, wherein the core material
includes one or more kinds of probiotic powder or probiotic mud, and is coated by the first
layer of wall material, and the at least one layer of shell coating the probiotic core particles
includes one, two or more layers of wall materials, which are respectively a second layer of
wall material, a third layer of wall material or more layers of wall material, the method
comprising the following steps:

[00264] (1) preparation of single-layered microcapsules: optionally mixing probiotic powder
or probiotic mud with a binder, and granulating, and then uniformly mixing with the first wall
material by a fluidized bed spray granulation method, and optionally curing, and filtering
to collect wet particles, and drying to obtain dry particles of single-layered microcapsule; and
optionally

[00265] (2) preparation of multi-layered microcapsules: using the above-mentioned dry
particles of single-layered microcapsule as core particles, uniformly coating a layer of wall
material outside the core particles by a fluidized bed spray granulation method, and
optionally spraying a curing solution so that the capsule wall is cured and insoluble in water,
drying the prepared microcapsules (preferably dried in a fluidized bed), and collecting dry
particles of double-layered microcapsules or further coating once or more times.

[00266] The present disclosure also relates to a method for preparing probiotic microcapsules
having one or more layers of embedding structure, comprising the following steps:

[00267] 1. Microcapsule core material granulation: mixing probiotic powder or probiotic
mud with a binding solution, and granulating by fluidized bed spray to form particles, which
account for about 5-95% of the weight of the finished microcapsules;

[00268] Preferably, the binding solution is prepared as follows:

[00269] A binder is dissolved in warm water, fully dissolved, and then kept at about 80 °C
with continuous stirring for about 1 hour. The concentration of the binder is about 5 to 25%,

preferably about 5%, about 6%, about 7%, about 8 %, about 9%, about 10%, about 11%,
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about 12%, about 13%, about 14%, about 15%, about 16%, about 17%, about 18%, about
19%, about 20%, about 21%, about 22%, about 23%, about 24%, about 25%, or any range
therebetween;

[00270] Preferably, the temperature of the binder is about 30 to 80°C.

[00271] 2. Sieving: selecting a standard sieve with the required mesh, preferably with a
particle size of about 50-400 microns; and automatically or manually sieving out particles
with the particle size distribution range as core particles of microcapsules for coating in the
next step;

[00272] Preferably, the undersize material can be returned to the fluidized bed for continue
granulation, and the oversize material can be ground to make fine powder and then added
back to the fluidized bed for continue granulation;

[00273] 3. Preparation of single-layered microcapsules: putting the particles obtained by
sieving into a fluidized bed and coating with a solution of the first layer of wall material by
spraying; and optionally,

[00274] 4. Preparation of multi-layered microcapsules: uniformly coating the second layer of
wall material outside the single layered microcapsules, preferably by fluidized bed spray
granulation method, and spraying a curing solution so that the capsule walls are cured and
insoluble in water; drying the prepared microcapsules in the fluidized bed, and collecting dry
particles of double-layered microcapsules or further coating the third layer of wall material or
more layers of wall material in the fluidized bed.

[00275] Preferably, in the above-mentioned preparation method of probiotic microcapsules,
based on 1000 parts by weight of dry particles of microcapsules,

[00276] The probiotic mud or powder is about 50 to about 500 parts by weight, more
preferably, about 100 parts by weight, about 150 parts by weight, about 200 parts by weight,
about 250 parts by weight, about 300 parts by weight, about 350 parts by weight, about 400
parts by weight, about 450 parts by weight or any range therebetween, particularly preferably
about 250 to about 400 parts by weight;

[00277] The first layer of wall material is about 150 to about 950 parts by weight, more
preferably, about 200 parts by weight, about 250 parts by weight, about 300 parts by weight,
about 350 parts by weight, about 400 parts by weight, about 450 parts by weight, about 500
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parts by weight, about 550 parts by weight, about 600 parts by weight, about 650 parts by
weight, about 700 parts by weight, about 750 parts by weight, about 800 parts by weight,
about 850 parts by weight, about 900 parts by weight, or any range therebetween, particularly
preferably about 450 to about 750 parts by weight;

[00278] The optional second layer of wall material is about O to about 350 parts by weight,
more preferably, about 100 parts by weight, about 150 parts by weight, about 200 parts by
weight, about 250 parts by weight, about 300 parts by weight or any range therebetween,
especially preferably about 200 to about 300 parts by weight;

[00279] The optional third layer is about O to about 350 parts by weight, more preferably,
about 100 parts by weight, about 150 parts by weight, about 200 parts by weight, about 250
parts by weight, about 260 parts by weight, about 300 parts by weight, or any range
therebetween, especially preferably about 200 to about 300 parts by weight;

[00280] The optional fourth layer is about 0 to about 250 parts by weight, more preferably,
about 100 parts by weight, about 150 parts by weight, about 200 parts by weight, about 250
parts by weight, about 260 parts by weight, about 300 parts by weight, or any range
therebetween, especially preferably about 100 to about 250 parts by weight.

[00281] Preferably, the above-mentioned probiotics are any probiotics suitable for the
probiotic microcapsules of the present disclosure, such as the probiotics defined in the present
disclosure, particularly preferably, one or more of Bifidobacterium adolescentis,
Bifidobacterium animalis (Bifidobacterium lactis), Bifidobacterium bifidum, Bifidobacterium
breve, Bifidobacterium infantis, Bifidobacterium longum, Lactobacillus acidophilus,
Lactobacillus casei, Lactobacillus crispatus, Lactobacillus delbrueckii subsp. bulgaricus,
Lactobacillus delbrueckii subsp. lactis, Lactobacillus fermentum, Lactobacillus gasseri,
Lactobacillus helveticus, Lactobacillus johnsonii, Lactobacillus paracasei, Lactobacillus
plantarum, Lactobacillus reuteri, Lactobacillus rhamnosus, Lactobacillus salivarius,
Streptococcus thermophilus, Bacillus coagulans, etc.

[00282] In one embodiment, in the above-mentioned method for preparing the probiotic
microcapsules, the first layer of wall material is protein (preferably WPI), the second layer of
wall material is protein (preferably WPI), and the optional third layer of wall material is

protein (preferably WPI) or grease;
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[00283] Preferably, the above-mentioned grease is grease with a melting point of 40-50°C;
[00284] Particularly preferred is one or a combination of more of: medium chain triglyceride
(MCT), cocoa butter substitute, cocoa butter, palm oil, lecithin, palm oil monoglyceride,
hydrogenated grease (e.g., hydrogenated palm oil, hardened oil, hydrogenated soybean oil),
etc.;

[00285] Preferably, the coating is carried out with grease, which is selected from any grease
involved in the present disclosure, and in the above-mentioned preparation method of
probiotics, the percentage of grease in the weight of the finished microcapsules is 0.25% to
50%.

[00286] The present disclosure relates to a preparation method of probiotic microcapsules
having one or more layers of embedding structure, comprising the following steps:

[00287] (1) Fluidized bed granulation:

[00288] a. Preparation of binding solution:

[00289] A binder (preferably starch) is fully dissolved in warm water, and the mixture is kept
at about 30-80°C with continuous stirring for about 1 hour, preferably wherein the
temperature is kept at 30°C, 35°C, 40°C, 45°C, 50°C, 55°C, 60°C, 70°C, 75°C, or 80°C or
any range therebetween;

[00290] The preferred concentration is about 5-25%, preferably 5%, 6%, 7%, 8%, 9%, 10%,
11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%, 20%, 21%, 22%, 23%, 24%, 25%, or any
range therebetween;

[00291] b. Fluidized bed spray granulation:

[00292] The probiotic powder is put into a fluidized bed, and air inlet is activated to circulate
the powder. The binding solution is atomized by a spray gun and sprayed into the fluidized
bed, where droplets are combined with the powder to form particles;

[00293] wherein

[00294] The probiotic powder is about 50 to about 500 parts by weight, more preferably
about 250 to about 400 parts by weight;

[00295] The inlet air temperature of the fluidized bed is preferably about 30 to 80°C,;

[00296] (2) Particle screening:

[00297] c. Sieving: The powder in the fluidized bed is taken out, and particles between 50
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and 400 microns are selected;

[00298] (3) First coating:

[00299] d. The selected particles are put into a fluidized bed, and air inlet is activated to
circulate the powder. The first wall material, preferably grease, is atomized by a spray gun
and sprayed into a fluidized bed, so that the particles are uniformly wrapped by the wall
material;

[00300] wherein, preferably, the grease is palm oil or MCT, which is about 200 to about 350
parts by weight;

[00301] (4) Optional second coating:

[00302] e. The second wall material is atomized by a spray gun and sprayed into a fluidized
bed, so that the particles obtained in the above step are uniformly wrapped by the wall
material;

[00303] wherein, preferably, the second wall material is whey protein, preferably with 150 to
950 parts by weight; more preferably 300 to 750 parts by weight;

[00304] Pre-denaturing treatment of the whey protein: the whey protein is mixed with water,
fully dissolved, and then subjected to alternate cold and heat treatments to form a stable gel;
[00305] Preferably, the whey protein is uniformly mixed with water, and stirred at a low
temperature of about 2 to 8°C for about 4 to 16 hours, preferably at a rotation speed of 170 to
240 per minute;

[00306] More preferably, the whey protein solution is further subjected to heat treatment at
about 75 to about 96°C (preferably about 75°C, about 76°C, about 77°C, about 78°C, about
79°C, about 80°C, about 81°C, about 82°C, about 83°C, about 84°C, about 85°C, about 86°C,
about 87°C, about 88°C, about 89°C, about 90°C, about 91°C, about 92°C, about 93°C, about
94°C, about 95°C, about 96°C, or any range therebetween) for about 30 to about 180 minutes
(preferably about 35, about 40, about 45, about 50, about 55, about 60, about 65, about 70,
about 75, about 80, about 85, about 90, about 95, about 100, about 105, about 110, about 115,
about 120, about 125, about 130, about 135, about 140, about 145, about 150, about 155,
about 160, about 165, about 170, about 175 minutes, or any range therebetween), and the
preferred rotation speed is 85 to 115 rpm/min;

[00307] Then, preferably, cooling immediately at a cooling temperature of about -20 to about
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4°C; and storing at about 4°C for about 12 to about 60 hours (preferably about 12, about 13,
about 14, about 15, about 16, about 17, about 18, about 19, about 20, about 21, about 22,
about 23, about 24, about 25, about 26, about 27, about 28, about 29, about 30, about 31,
about 32, about 33, about 34, about 35, about 36, about 37, about 38, about 39, about 40,
about 41, about 42, about 43, about 44, about 45, about 46, about 47, about 48, about 49,
about 50, about 51, about 52, about 53, about 54, about 55, about 56, about 57, about 58,
about 59, about 60 hours, or any range therebetween) to obtain a whey protein gel solution;
[00308] Then, the resulting whey protein gel solution is heated to about 25 to 75°C
(preferably about 25°C, about 30°C, about 35°C, about 40°C, about 45°C, about 50°C, about
60°C, about 65°C, about 70°C, about 75°C, or any range therebetween), atomized and
sprayed into a fluidized bed by a spray gun, so that the particles obtained in step d described
above are uniformly wrapped by droplets;

[00309] f. Curing: A curing solution is atomized and sprayed into a fluidized bed by a spray
gun, so that the particles obtained in step e described above are uniformly wrapped by
droplets;

[00310] g. Drying: the microcapsules prepared in step f are further dried in a fluidized bed
for about 1-30 minutes, and then taken out when the moisture content of particles is less than
8%;

[00311] (5) Optional third or more coatings:

[00312] h. The above-mentioned dry particles of double-layered microcapsule are collected
or further coated with the third wall material or more wall materials in a fluidized bed.

Soft particle of a probiotic microcapsule and preparation method thereof

[00313] A soft particle of a probiotic microcapsule comprising the probiotic microcapsule
according to the above solution, which includes coconut fiber fruit soft particle of a probiotic
microcapsule and gel ball soft particle of a probiotic microcapsule.

[00314] In one embodiment, based on the total weight of the soft particle of a probiotic
microcapsule, the soft particle contains about 0.2-0.5% by weight of probiotic microcapsules.
[00315] In one embodiment, the soft particle of a probiotic microcapsule also contains one or
more of coconut water, coconut milk, coconut jam, sucrose, white granulated sugar, High

Fructose Syrup, Bacillus xylinus, acidity regulator, ethanol and water, preferably, wherein the
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content of sucrose is about 5-10%, the content of white granulated sugar is about 3-5%, the
content of High Fructose Syrup is about 0-5%, the content of ammonium dihydrogen
phosphate is about 0.3-0.8%, and the content of Bacillus xylinus is about 0.1-0.5%, and the
content of acidity regulator is about 1-5%.

[00316] Alternatively, the gel ball soft particle of a probiotic microcapsule according to the
above-mentioned solution also contains one or more of white granulated sugar, sodium
alginate, xanthan gum, konjac gum, carrageenan, curing solution (containing calcium lactate,
calcium chloride), probiotic microcapsule, pigment, and purified water; preferably, wherein
the content of white granulated sugar is about 10-15%, the content of sodium alginate is
about 0.5-1%, the content of xanthan gum is about 0.1-0.3%, the content of konjac gum is
about 0.1-0.2%, and the concentration of calcium lactate in the curing solution is about 1-3%.
[00317] In one embodiment, the present disclosure also relates to a coconut fiber fruit soft
particle of a probiotic microcapsule, which comprises the above-mentioned probiotic
microcapsule described herein, wherein based on the total weight of the coconut fiber fruit
soft particle containing the probiotic microcapsule, the particle contains about 0.2-0.5% by
weight of probiotic microcapsules, and also contains one or more of coconut water, coconut
milk, coconut jam, sucrose, white granulated sugar, High Fructose Syrup, Bacillus xylinus,
acidity regulator, ethanol and water, preferably, wherein the content of sucrose is about
5-10%, the content of white granulated sugar is about 3-5%, the content of High Fructose
Syrup is about 0-5%, the content of ammonium dihydrogen phosphate is about 0.3-0.8%, the
content of Bacillus xylinus is about 0.1-0.5%, and the content of acidity regulator is about
1-5%.

[00318] In another embodiment, the present disclosure also relates to a gel ball soft particle
of a probiotic microcapsule, which comprises the above-mentioned probiotic microcapsule
described herein, wherein based on the total weight of the gel ball soft particle containing the
probiotic microcapsule, the particle contains about 0.2 to 0.5% by weight of probiotic
microcapsules, preferably, also contains one or more of white granulated sugar, sodium
alginate, xanthan gum, konjac gum, carrageenan, curing solution (containing calcium lactate,
calcium chloride), probiotic microcapsule, pigment, and purified water; preferably, wherein

the content of white granulated sugar is about 10-15%, the content of sodium alginate is
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about 0.5-1%, the content of xanthan gum is about 0.1-0.3%, the content of konjac gum is
about 0.1-0.2%, and the concentration of calcium lactate in the curing solution is about 1-3%.
Food or health products containing probiotic microcapsules

[00319] In one embodiment, the present application also relates to a food or health product
containing probiotic microcapsules, which comprises the above-mentioned probiotic
microcapsules described herein.

[00320] Preferably, the food or health product is selected from one or more of dairy products,
fermented flavored foods, beverages, chocolates, candies, baked foods or fruit and vegetable
juice foods.

[00321] Preferably, in the food or health product containing probiotic microcapsules, based
on the total weight of the food or health product containing probiotic microcapsules, the
weight content of the probiotic microcapsules is 0.02 to 1%, preferably 0.04 to 0.5%, or more
preferably 0.06 to 0.15%;

[00322] Preferably, the probiotic microcapsule-containing food or health product further
contains honey, wherein the honey has a carrier function for added microcapsules. Preferably,
based on the total weight of a mixture of microcapsule and honey, the content of honey is
about 80%-99.9% by weight.

[00323] This application also relates to a food or health product containing probiotic
microcapsules, wherein the food or health product containing probiotic microcapsules is
yogurt, preferably, the yogurt also includes raw milk and/or reconstituted milk, stabilizer,
acidity regulator, leavening agent. More preferably, the yogurt comprises: based on the total
weight of the probiotic microcapsule-containing yogurt, about 89-94% of raw
milk/compounded milk, about 5.5-10.9% of white granulated sugar, about 0.1-0.5% of
stabilizer, about 30-100 U/ton of leavening agent, and about 0.02-0.5% (preferably
0.06-0.15%) of probiotic microcapsules.

[00324] In one embodiment, this application also relates to a food or health product
containing probiotic microcapsules, wherein the food or health product containing probiotic
microcapsules is cheese, preferably, wherein the cheese also includes raw milk, edible salt,
leavening agent or chymosin; more preferably, the cheese contains about 0.8-1.8% of edible

salt, about 0.001-0.005% of leavening agent, about 0.001-0.005% of chymosin, about
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0.02-0.5% (preferably about 0.06-0.15%) of probiotic microcapsules, and the rest is raw milk.
[00325] In one embodiment, this application also relates to a method for preparing food or
health products containing probiotic microcapsules, which comprises the following steps:
[00326] (1) Preparing probiotic microcapsules according to the above-mentioned preparation
method of probiotic microcapsules;

[00327] (2) Adding the probiotic microcapsules to food or health products, preferably, at an
amount of about 0.02-1%, preferably about 0.04-0.5%, more preferably 0.06- 0.15%.

[00328] In one embodiment, this application relates to a method for preparing a food or
health product containing probiotic microcapsules, wherein the food or health product
containing probiotic microcapsules is yogurt, and the yogurt is prepared according to a
conventional method, wherein before final pasteurization, the probiotic microcapsules are
added to the prepared product, or after final pasteurization, the probiotic microcapsules are
sterilized and added to the prepared product.

[00329] Preferably, the steps of sterilization treatment include:

[00330] (1) Mixing microcapsule particles with honey, preferably, wherein the ratio of
microcapsule to honey is about 1:1000 to 1:10, more preferably about 1:500 to 1:10, about
1:100 to 1:10 or about 1:50 to 1:10.

[00331] (2) Treating the above-mentioned mixed microcapsule particles with ultraviolet
sterilization or hydrogen peroxide, preferably, wherein the intensity of ultraviolet is about
1000 to 20000 J/L, more preferably about 5000 to 20000 J/L, about 10000 to 20000 J/L, or
about 15000 to 20000J/L.

[00332] In one embodiment, this application relates to a method for preparing a food or
health product containing probiotic microcapsules, wherein the food or health product
containing probiotic microcapsules is yogurt, and the yogurt is prepared as follows:

[00333] a. Optionally, implementing the national standard preparation process of fermented
milk;

[00334] b. Mixing raw materials other than zymogenic strains, microcapsules, and honey to
prepare a mixed solution of fermented milk, preferably at about 40-80°C, and then cooling,
preferably to below about 20°C;

[00335] c. Stirring, homogenizing (homogenizing pressure is preferably about 150-200 bar),
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then carrying out high-temperature and long-term sterilization (preferably at a sterilization
temperature of 95°C, and a sterilization time of 300 seconds), and cooling to 41-43°C after
sterilization;

[00336] d. Inoculating bacteria and carrying out fermentation at a temperature of 41-43°C;
[00337] e. Demulsifying, turning over a tank, and then cooling to below 25°C;

[00338] f. Pasteurizing at a sterilization temperature of 74°C and at a sterilization time of 30
seconds;

[00339] g. Cooling to 15-30°C and entering an aseptic tank;

[00340] h. Aseptic filling;

[00341] wherein after step e and before step f, the product obtained in step e is transferred to
a tank to be filled, and probiotic microcapsule particles are added; and the mixture is stirred
for 15 minutes; or

[00342] wherein before step h and after step g, sterilized probiotic microcapsules are added;
or

[00343] after step h and before step i, sterilized probiotic microcapsules are added.

[00344] In one embodiment, this application relates to a method for preparing a food or
health product containing probiotic microcapsules, wherein the food or health product
containing probiotic microcapsules is cheese, and the cheese is prepared according to a
conventional method, including:

[00345] a. Cleaning raw milk, standardizing, and pasteurizing;

[00346] b. Cooling the pasteurized raw milk to about 32 to 43°C, adding leavening agent,
and maintaining the temperature for about 50 to 60min to pre-acidify;

[00347] c. Then adding chymosin, maintaining the temperature for about 40 to 50min,
stirring and then allowing to stand while maintaining the temperature;

[00348] d. After standing for 90 to 180 min, cutting the mixture into small pieces and
allowing to stand for 5 to 10min;

[00349] e. Gradually raising the temperature to about 36 to 45°C with stirring, and when the
pH value is about 5.8 to 6.3, carrying out whey discharge treatment;

[00350] f. After the whey discharge treatment, piling and brewing the mixture, and when the

pH value of the clot is about 5.5 to 5.9, putting into a mold.
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[00351] g. Molding the mixture put into the mold, then demolding, and then immediately
freezing to obtain the cheese.

[00352] wherein after the pasteurized raw milk is cooled to about 32-43°C in step b,
sterilized probiotic microcapsules are added; or

[00353] wherein after step d and before step e, sterilized probiotic microcapsules are added.
[00354] In one embodiment, the present application relates to a method for preparing food or
health products containing probiotic microcapsules, wherein the food or health products
containing probiotic microcapsules are processed cheeses, and the processed cheeses are
processed according to a conventional method, including:

[00355] a. Uniformly mixing skim powder, emulsified salt and a part of white granulated
sugar, stirring and hydrating at 45°C for 30 minutes;

[00356] b. Adding premixed colloid and white granulated sugar to water, and stirring well
until completely dissolved,

[00357] c. Melting mozzarella cheese, cream and butter;

[00358] d. Heating the colloidal solution to 95°C, maintaining the temperature for 3 minutes,
adding the solution of skim powder, and then stirring for 2 minutes while maintaining the
temperature;

[00359] e. Adding the solution to the melted cheese and making up to 1000kg;

[00360] f. Homogenizing: 15Mpa and 65-70°C;

[00361] g. Sterilizing: 90 to 95°C/300s;

[00362] h. Cooling down to 75°C, filling, cooling down, and refrigerating;

[00363] wherein after pasteurization in step g and before step h, sterilized probiotic
microcapsules are added; or

[00364] Before step g and after step f, probiotic microcapsules are added.

[00365] In one embodiment, this application relates to a method for preparing a food or
health product containing probiotic microcapsules, wherein the food or health product
containing probiotic microcapsules is a milk beverage prepared according to a conventional

method, including:

Raw milk ——pHomogeniz _y, Sterilizing_y, Cooling — - Inoculating
ing
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Sugar, acid, stabilizer

wherein probiotic capsules are added before the final sterilization, or sterilized probiotic
microcapsules are added after the final sterilization.

[00366] In one embodiment, this application relates to a method for preparing a food or
health product containing probiotic microcapsules, wherein the food or health product

containing probiotic microcapsules is a milk beverage prepared according to a conventional

method, including:

raw milk ___yHomogeniz _sterilizing Cooling Inoculating
ing g >
—pFermentin > Demulsify » Mixin Homogeniz Adding probiotic Finished
’ ing J Ping ®microcapsules —product

1

Sugar, acid, stabilizer

wherein sterilized probiotic microcapsules are added after the final homogenization.

[00367] In one embodiment, this application relates to a method for preparing a food or
health product containing probiotic microcapsules, wherein the food or health product
containing probiotic microcapsules is a solid dairy product prepared according to a

conventional method, including:

Raw material purchase — Raw material inspection—» Raw milk storage
and acceptance

Cleaning milk, Formulating __ pre-heatin Homogeniz _ySterilizing and Spray drvin
standardizing raw materials g_’ing _'concentrating —— oy aing

Storage in powder
warehouse

Sieving

powder

—pfluidized bed — —p-Packaging

wherein probiotic microcapsules are added before the step of the fluidized bed.

[00368] In one embodiment, the present application relates to a method for preparing food or
health products containing probiotic microcapsules, wherein the food or health products

containing probiotic microcapsules are solid beverages prepared in a conventional method,

including:
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wherein probiotic microcapsules are added after the step of the fluidized bed.

[00369] In one embodiment, this application relates to a method for preparing a food or
health product containing probiotic microcapsules, wherein the food or health product
containing probiotic microcapsules is ice cream prepared in a conventional method,

including:

White granulated sugar, additives and other accessories

!

Treated water ___, Dissolving by stirring __gpHeating ~ _yFiltering ___pHomogeniz _y Cooling _, Aging
at high speed cylinder ing

__, Gelling_, Molding ~ and Hardening by  packaging and __, Warehousing

Filling — freezing 7 Inspection

Adjusting color/adjusting phase

wherein probiotic capsules are added after the step of aging.

[00370] In short, in the above-mentioned technical method of adding probiotic microcapsules,
the addition can be achieved by "pre-adding" or "post-adding".

[00371] It should be understood that modifications that do not substantially affect the effects
of the various embodiments of this application are also included in the definition of the
disclosure provided in this application. Therefore, the following examples are intended to

illustrate rather than limit the present application.

Example

[00372] A. Preparation of probiotic microcapsules (1)
[00373] Examples Al to A3 and comparative examples
[00374] Example Al

[00375] 1. Raw materials (based on 10009 of dry microcapsule particles)
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[00376] 7509 of WPI (concentration 11%);

[00377] 6068g of water;

[00378] 250g of Bacillus coagulans powders;

[00379] 6818ml of a curing agent solution with a concentration of 0.5mol/L. The curing
agent was a mixture of sodium acetate, glacial acetic acid and Tween-20. Sodium acetate had
an amount of 137g, glacial acetic acid had an amount of 100ml, Tween-20 had an amount of
2.9¢g, and water had an amount of 6718g.

[00380] 2. Preparation method

[00381] a. The whey protein was uniformly mixed with water and stirred at 4°C at 180
rpm/min for 16 hours;

[00382] b. The whey protein solution was heated at 78°C at 95 rpm/min for 45 minutes;
[00383] c. The solution was cooled immediately at 0°C, and stored at 4°C for 12 hours;
[00384] d. 137g of sodium acetate, 100ml of glacial acetic acid and 6718g of water were
uniformly mixed to formulate a curing agent solution, and the curing agent solution was
adjusted to a pH value of 4.6. 2.9g of Tween-20 was added, and the mixture was uniformly
mixed for use;

[00385] e. Granulation: the pretreated WPI described above and the probiotic powders were
uniformly mixed and granulated;

[00386] f. Curing: the droplets or particles obtained from the above granulation were formed
into wet particles in the curing solution, and the curing time was at least 10 minutes;

[00387] g. The cured wet particles were collected by filtration, and dried in a blast drying
oven at 70°C;

[00388] The microcapsules obtained in this example were single-layered microcapsules. The
amount of viable probiotics in the microcapsules reached 1.3x10%° cfu/g. The particles had a
particle size of 300 um. The particle size was uniform and the particles were shiny. After 30
days of storage at room temperature, the amount of viable probiotics in the microcapsules
decreased to 9.2x10%fu/g; after 60 days, the amount of viable probiotics in the microcapsules
decreased to 7.7x10°%fu/g; after 120 days, the amount of viable probiotics in the
microcapsules decreased to 4.8x10%fu/g; and the number of the probiotic residue on the

outer surface of the microcapsules was 2.3x10%cfu/g. After the single-layered microcapsules
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were incubated in a simulated gastric juice for 2 hours, the amount of contained viable
probiotics decreased to 8.8x10%fu/g, and the weight of the dry microcapsule particles

increased by 19% after absorbing water for 48 hours.

Comparative example Al

[00389] 1. Raw materials (based on 1000g of dry microcapsule particles)

[00390] 7509 of WPI (concentration 11%);

[00391] 6068g of water;

[00392] 250g of Bacillus coagulans powders;

[00393] 6818ml of a curing agent solution with a concentration of 0.5mol/L. The curing
agent was a mixture of sodium acetate, glacial acetic acid and Tween-20. Sodium acetate had
an amount of 137g, glacial acetic acid had an amount of 100ml, Tween-20 had an amount of
2.9¢g, and water had an amount of 6718g.

[00394] 2. Preparation method

[00395] a. The whey protein was uniformly mixed with water and stirred at 4°C at 180
rpm/min for 16 hours;

[00396] b. The whey protein solution was heated at 78°C at 95 rpm/min for 45 minutes;
[00397] c. The solution was cooled immediately at 0°C, and stored at 4°C for 4 hours;
[00398] d. 137g of sodium acetate, 100ml of glacial acetic acid and 6718g of water were
uniformly mixed to formulate a curing agent solution, and the curing agent solution was
adjusted to a pH value of 4.6. 2.9g of Tween-20 was added, and the mixture was uniformly
mixed for use;

[00399] e. Granulation: the pretreated WPI described above and the probiotic powders were
uniformly mixed and granulated;

[00400] f. Curing: the droplets or particles obtained from the above granulation were formed
into wet particles in the curing solution, and the curing time was at least 10 minutes;

[00401] g. The cured wet particles were collected by filtration, and dried in a blast drying
oven at 70°C;

[00402] The microcapsules obtained in this comparative example were single-layered

microcapsules. The amount of viable probiotics in the microcapsules reached 4.8x10%fu/g.
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The particle size was 330um. The particle size was uneven with tailing, and the gloss was not
good. After 30 days of storage at room temperature, the amount of viable probiotics in the
microcapsules decreased to 8.2x10 & cfu/g; after 60 days, the amount of viable probiotics in
the microcapsules decreased to 6.1x10 7 cfu/g; after 120 days, the amount of viable probiotics
in the microcapsules decreased to 3.8x10 ® cfu/g, and the number of the probiotic residue on
the outer surface of the microcapsules was 3.6x10 ®cfu/g. After the single-layered
microcapsules were incubated in a simulated gastric juice for 2 hours, the amount of
contained viable probiotics decreased to 4.1x107cfu/g, and the weight of the dry

microcapsule particles increased by 65% after absorbing water for 48 hours.

Example A2

[00403] 1. Raw materials (based on 1000g of dry microcapsule particles)

[00404] WPI (the first layer of wall material) 450g (concentration 11%);

[00405] WPI (the second layer of wall material) 300g (concentration 11%);

[00406] 6068g of water, including 36419 for the first layer of wall material and 2427g for the
second layer of wall material;

[00407] 250g of Bacillus coagulans powders;

[00408] 6818ml of a curing agent solution with a concentration of 0.5mol/L. The curing
agent was a mixture of sodium acetate, glacial acetic acid and Tween-20. Sodium acetate had
an amount of 137g, glacial acetic acid had an amount of 100ml, Tween-20 had an amount of
2.9¢g, and water had an amount of 6718g.

[00409] 2. Preparation method

[00410] a. The whey protein was uniformly mixed with water and stirred at 4°C at 180
rpm/min for 16 hours;

[00411] b. The whey protein solution was heated at 78°C at 95 rpm/min for 45 minutes;
[00412] c. The solution was cooled immediately at 0°C, and stored at 4°C for 12 hours;
[00413] d. 137g of sodium acetate, 100ml of glacial acetic acid and 6718g of water were
uniformly mixed to formulate a curing agent solution, and the curing agent solution was
adjusted to a pH value of 4.6. 2.9g of Tween-20 was added, and the mixture was uniformly

mixed for use;
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[00414] e. Granulation: the pretreated WPI described above and the probiotic powders were
uniformly mixed and granulated;

[00415] f. Curing: the droplets or particles obtained from the above granulation were formed
into wet particles in the curing solution, and the curing time was at least 10 minutes;

[00416] g. The cured wet particles were collected by filtration, and dried in a blast drying
oven at 70°C;

[00417] h. Fluidized bed spray granulation method: 300g of WPI was pretreated as described
above to obtain a whey protein solution or gel solution. The whey protein solution or gel
solution was heated to 50 °C, and mixed with the particles in step g to uniformly wrap the
particles in step g. The inlet air temperature of the fluidized bed was 65°C, and the air flow
was set according to the batch weight and fluidization state of the WPI. The particles were
dried in a fluidized bed after curing.

[00418] The microcapsules obtained in this example were double-layered microcapsules. The
amount of viable probiotics in the microcapsules reached 1.3x10 ° cfu/g. The particle size
was 330 um. The particle size was uniform and the particles were shiny. After 30 days of
storage at room temperature, the amount of viable probiotics in the microcapsules decreased
to 9.8x10 ° cfu/g; after 60 days, the amount of viable probiotics in the microcapsules
decreased to 8.8x10°cfu/g; after 120 days, the amount of viable probiotics in the
microcapsules decreased to 7.2x10 ° cfu/g, and the number of the probiotic residue on the
outer surface of the microcapsules was 2.2x10“4cfu/g. After the double-layered
microcapsules were incubated in a simulated gastric juice for 2 hours, the amount of
contained viable probiotics decreased to 9.0x10°cfu/g, and the weight of the dry

microcapsule particles increased by 9% after absorbing water for 48 hours.

Example A3

[00419] 1. Raw materials (based on 1000g of dry microcapsule particles)

[00420] WPI (the first layer of wall material) 300g (concentration 11%);

[00421] MCT (the second layer of wall material) 200g (concentration 100%);

[00422] WPI (the third layer of wall material) 250g (concentration 11%);

[00423] 44509 of water, including 2427¢g for the first layer of wall material and 2023g for the
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third layer of wall material;

[00424] 250g of Bacillus coagulans powders;

[00425] 5000ml of a curing agent solution with a concentration of 0.5mol/L. The curing
agent was a mixture of sodium acetate, glacial acetic acid and Tween-20. Sodium acetate had
an amount of 101g, glacial acetic acid had an amount of 74ml, Tween-20 had an amount of
29, and water had an amount of 4926g.

[00426] 2. Preparation method

[00427] a. The whey protein was uniformly mixed with water and stirred at 4°C at 180
rpm/min for 16 hours;

[00428] b. The whey protein solution was heated at 78°C at 95 rpm/min for 45 minutes;
[00429] c. The solution was cooled immediately at 0°C, and stored at 4°C for 12 hours;
[00430] d. 101g of sodium acetate, 74ml of glacial acetic acid and 4926g of water were
uniformly mixed to formulate a curing agent solution. The curing agent solution was adjusted
to a pH value of 4.6, and 2g of Tween-20 was added. The mixture was uniformly mixed for
use.

[00431] e. Granulation: the pretreated WPI described above and the probiotic powders were
uniformly mixed and granulated;

[00432] f. Curing: the droplets or particles obtained from the above granulation were formed
into wet particles in the curing solution, and the curing time was at least 10 minutes;

[00433] g. The cured wet particles were collected by filtration, and dried in a blast drying
oven at 70°C;

[00434] h. Fluidized bed spray granulation method:

[00435] Spray coating of the second layer of grease film: 200g of the liquid MCT grease was
heated to 55°C; the inlet air temperature of the fluidized bed was 40°C; the air flow was set
according to the batch weight and fluidization state of the MCT solution; and particles were
dried in a fluidized bed to obtain double-layered grease particles;

[00436] Spray coating of the third layer of WPI: 250g of WPI was uniformly mixed with
20239 of water to make a whey protein solution (or a gel solution if necessary); the solution
was heated to 50°C; the inlet air temperature of the fluidized bed was 40°C; the air flow was

set according to the batch weight and fluidization state of the WPI solution; and the particles
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were dried in a fluidized bed after curing.

[00437] The microcapsules obtained in this example were three-layered microcapsules. The
amount of viable probiotics in the microcapsules reached 1.3x10 ° cfu/g. The particle size
was 330 um. The particle size was uniform and the particles were shiny. After 30 days of
storage at room temperature, the amount of viable probiotics in the microcapsules decreased
to 1.3x10 0 cfu/g; after 60 days, the amount of viable probiotics in the microcapsules
decreased to 9.8x10°cfu/g; after 120 days, the amount of viable probiotics in the
microcapsules decreased to 8.8x10 ° cfu/g, and the number of the probiotic residue on the
outer surface of the microcapsules was 1.2x10 3 cfu/g. After the three-layered microcapsules
were incubated in a simulated gastric juice for 2 hours, the amount of contained viable
probiotics decreased to 1.0x10 1°cfu/g, and the weight of the dry microcapsule particles

increased by 1% after absorbing water for 48 hours.

Examples A4 to A8 and comparative examples

Example A4

[00438] 1. Raw materials (based on 1000g of dry microcapsule particles)

[00439] WPI: 5509, concentration 11%;

[00440] Bacillus coagulans powder: 250g;

[00441] Curing agent solution: 0.5mol/L, pH-4.6

[00442] MCT: 200g

[00443] Starch: 5% concentration

[00444] 2. Preparation method

[00445] a. The whey protein was uniformly mixed with water and stirred at 4°C at 180
rpm/min for 16 hours;

[00446] b. The whey protein solution was heated at 78°C at 95 rpm/min for 45 minutes;
[00447] c. The solution was cooled immediately at 0°C, and stored at 4°C for 12 hours;
[00448] d. 137g of sodium acetate, 100ml of glacial acetic acid and 6718g of water were
uniformly mixed to formulate a curing agent solution, and the curing agent solution was
adjusted to a pH value of 4.6. 2.9g of Tween-20 was added, and the mixture was uniformly

mixed for use;
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[00449] e. Granulation: the probiotic powder, binder solution and MCT were uniformly
mixed to make grease droplets uniformly wrap particles;

[00450] f. The whey protein solution was added to make droplets uniformly wrap the
particles obtained in step e;

[00451] g. Curing: droplets of the curing solution were used to uniformly wrap the particles
obtained in step f;

[00452] h. The microcapsules prepared in step g were dried.

[00453] The microcapsules obtained in this example were double-layered microcapsules. The
amount of viable probiotics in the microcapsules reached 1.3x10 ° cfu/g. The particle size
was 150-250 um. The particle size was uniform and the particles were shiny. After 30 days of
storage at room temperature, the amount of viable probiotics in the microcapsules decreased
to 9.3x10 ° cfu/g; after 60 days, the amount of viable probiotics in the microcapsules
decreased to 7.5x10°cfu/g; after 120 days, the amount of viable probiotics in the
microcapsules decreased to 4.8x10 ° cfu/g; and the number of the probiotic residue on the
outer surface of the microcapsules was 2.3x10°®cfu/g. After the double-layered
microcapsules were incubated in a simulated gastric juice for 2 hours, the amount of
contained viable probiotics decreased to 8.8x10°cfu/g, and the weight of the dry

microcapsule particles increased by 15% after absorbing water for 48 hours.

Comparative example A2

[00454] 1. Raw materials (based on 10009 of dry microcapsule particles)

[00455] WPI: 5509, concentration 11%;

[00456] 2509 of Bacillus coagulans powders;

[00457] Curing agent solution: 0.5mol/L, pH-4.6

[00458] MCT: 200g

[00459] Starch: 10% concentration

[00460] 2. Preparation method

[00461] a. The whey protein was uniformly mixed with water and stirred at 4°C at 180
rpm/min for 16 hours;

[00462] b. The whey protein solution was heated at 78°C at 95 rpm/min for 45 minutes;
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[00463] c. The solution was cooled immediately at 0°C, and stored at 4°C for 8 hours;
[00464] d. 137g of sodium acetate, 100ml of glacial acetic acid and 6718g of water were
uniformly mixed to formulate a curing agent solution, and the curing agent solution was
adjusted to a pH value of 4.6. 2.9g of Tween-20 was added, and the mixture was uniformly
mixed for use;

[00465] e. Granulation: the probiotic powder, binder solution and MCT were uniformly
mixed to make grease droplets uniformly wrap particles;

[00466] f. The whey protein solution was added to make droplets uniformly wrap the
particles obtained in step e;

[00467] g. Curing: droplets of the curing solution were used to uniformly wrap the particles
obtained in step f;

[00468] h. The microcapsules prepared in step g were dried.

[00469] The microcapsules obtained in this comparative example were double-layered
microcapsules. The amount of viable probiotics in the microcapsules reached 4.8x10 ° cfu/g.
The particle size was 150-250 um. The particle size was uneven with tailing, and the gloss
was not good. After 30 days of storage at room temperature, the amount of viable probiotics
in the microcapsules decreased to 8.2x10 & cfu/g; after 60 days, the amount of viable
probiotics in the microcapsules decreased to 6.1x10 ’ cfu/g; after 120 days, the amount of
viable probiotics in the microcapsules decreased to 3.8x10 ° cfu/g; and the number of the
probiotic residue on the outer surface of the microcapsules was 3.6x10 ° cfu/g. After the
double-layered microcapsules were incubated in a simulated gastric juice for 2 hours, the
amount of contained viable probiotics decreased to 4.1x10  cfu/g, and the weight of the dry

microcapsule particles increased by 50% after absorbing water for 48 hours.

Comparative example A3

[00470] 1. Raw materials (based on 1000g of dry microcapsule particles)
[00471] WPI: 5509, concentration 11%;

[00472] 250g of Bacillus coagulans powders;

[00473] Curing agent solution: 0.5mol/L, pH-4.6

[00474] MCT: 200g
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[00475] Starch: temperature 60°C, concentration 25%

[00476] 2. Preparation method

[00477] a. The whey protein was uniformly mixed with water and stirred at 4°C at 180
rpm/min for 16 hours;

[00478] b. The whey protein solution was heated at 78°C at 95 rpm/min for 45 minutes;
[00479] c. The solution was cooled immediately at 0°C, and stored at 4°C for 40 hours;
[00480] d. 137g of sodium acetate, 100ml of glacial acetic acid and 6718g of water were
uniformly mixed to formulate a curing agent solution, and the curing agent solution was
adjusted to a pH value of 4.6. 2.9g of Tween-20 was added, and the mixture was uniformly
mixed for use;

[00481] e. Granulation: the probiotic powder, binder solution and MCT were uniformly
mixed to make grease droplets uniformly wrap particles;

[00482] f. The whey protein solution was added to make droplets uniformly wrap the
particles obtained in step e;

[00483] g. Curing: droplets of the curing solution were used to uniformly wrap the particles
obtained in step f;

[00484] h. The microcapsules prepared in step g were dried.

[00485] The microcapsules obtained in this comparative example were single-layered
microcapsules. The amount of viable probiotics in the microcapsules reached 5.4x10 ° cfu/g.
The particle size was 150-250 um. The particle size was uneven with tailing. After 30 days of
storage at room temperature, the amount of viable probiotics in the microcapsules decreased
to 5.2x10 8 cfu/g; after 60 days, the amount of viable probiotics in the microcapsules
decreased to 3.0x10 7 cfu/g; after 120 days, the amount of viable probiotics in the
microcapsules decreased to 2.2x10 ° cfu/g; and the number of the probiotic residue on the
outer surface of the microcapsules was 1.6x10°cfu/g. After the double-layered
microcapsules were incubated in a simulated gastric juice for 2 hours, the amount of
contained viable probiotics decreased to 3.1x107cfu/g, and the weight of the dry

microcapsule particles increased by 50% after absorbing water for 48 hours.

Example A5
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[00486] 1. Raw materials (based on 1000g of dry microcapsule particles)

[00487] MCT (the first layer of wall material) 200g (concentration 100%);

[00488] WPI (the second layer of wall material) 350g (concentration 11%);

[00489] MCT (the third layer of wall material) 200g (concentration 100%);

[00490] 250g of Bacillus coagulans powders;

[00491] Curing agent solution: 0.5mol/L, pH-4.6

[00492] Starch: 10% concentration

[00493] 2. Preparation method

[00494] a. The whey protein was uniformly mixed with water and stirred at 4°C at 180
rpm/min for 16 hours;

[00495] b. The whey protein solution was heated at 78°C at 95 rpm/min for 45 minutes;
[00496] c. The solution was cooled immediately at 0°C, and stored at 4°C for 16 hours;
[00497] d. 137g of sodium acetate, 100ml of glacial acetic acid and 6718g of water were
uniformly mixed to formulate a curing agent solution, and the curing agent solution was
adjusted to a pH value of 4.6. 2.9g of Tween-20 was added, and the mixture was uniformly
mixed for use;

[00498] e. Granulation: the probiotic powder, binder solution and MCT were uniformly
mixed to make grease droplets uniformly wrap particles;

[00499] f. The whey protein solution was added to make droplets uniformly wrap the
particles obtained in step e;

[00500] g. Curing: droplets of the curing solution were used to uniformly wrap the particles
obtained in step f;

[00501] h. The microcapsules prepared in step g were dried,;

[00502] k. The particles obtained in step h were subjected to a third coating with MCT
according to the aforementioned steps, wherein the MCT was 200 g.

[00503] The microcapsules obtained in this example were three-layered microcapsules. The
amount of viable probiotics in the microcapsules reached 1.3x10 ° cfu/g. The particle size
was 150-250 um. The particle size was uniform and the particles were shiny. After 30 days of
storage at room temperature, the amount of viable probiotics in the microcapsules decreased

to 9.9x10 ° cfu/g; after 60 days, the amount of viable probiotics in the microcapsules
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decreased to 8.9x10°cfu/g; after 120 days, the amount of viable probiotics in the
microcapsules decreased to 7.2x10 ° cfu/g, and the number of the probiotic residue on the
outer surface of the microcapsules was 0 cfu/g. After the three-layered microcapsules were
incubated in a simulated gastric juice for 2 hours, the amount of contained viable probiotics
decreased to 9.0x10 ° cfu/g, and the weight of the dry microcapsule particles increased by 5%

after absorbing water for 48 hours.

Example A6

[00504] 1. Raw materials (based on 10009 of dry microcapsule particles)

[00505] MCT (the first layer of wall material) 200g (concentration 100%);

[00506] WPI (the second layer of wall material) 300g (concentration 11%);

[00507] MCT (the third layer of wall material) 150g (concentration 100%);

[00508] WPI (the fourth layer of wall material) 100g (concentration 11%);

[00509] 250g of Bacillus coagulans powders;

[00510] Curing agent solution: 0.5mol/L, pH-4.6

[00511] Starch: 10% concentration

[00512] 2. Preparation method

[00513] a. The whey protein was uniformly mixed with water and stirred at 4°C at 180
rpm/min for 16 hours;

[00514] b. The whey protein solution was heated at 78°C at 95 rpm/min for 45 minutes;
[00515] c. The solution was cooled immediately at 0°C, and stored at 4°C for 16 hours;
[00516] d. 137g of sodium acetate, 100ml of glacial acetic acid and 6718g of water were
uniformly mixed to formulate a curing agent solution, and the curing agent solution was
adjusted to a pH value of 4.6. 2.9g of Tween-20 was added, and the mixture was uniformly
mixed for use;

[00517] e. Granulation: the probiotic powder, binder solution and MCT were uniformly
mixed to make grease droplets uniformly wrap particles;

[00518] f. The whey protein solution was added to make droplets uniformly wrap the
particles obtained in step e;

[00519] g. Curing: droplets of the curing solution were used to uniformly wrap the particles
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obtained in step f;

[00520] h. The microcapsules prepared in step g were dried,;

[00521] k. The particles obtained in step j were subjected to a third coating with MCT
according to the aforementioned steps;

[00522] I. The particles obtained in step k were subjected to a fourth coating with WPI
according to the aforementioned steps.

[00523] The microcapsules obtained in this example were four-layered microcapsules. The
amount of viable probiotics in the microcapsules reached 1.3x10 ° cfu/g. The particle size
was 150-400 um. The particle size was uniform and the particles were shiny. After 30 days of
storage at room temperature, the amount of viable probiotics in the microcapsules remained
at 1.3x10 1 cfu/g. After 60 days, the amount of viable probiotics in the microcapsules
decreased to 9.8x10°cfu/g. After 120 days, the amount of viable probiotics in the
microcapsules decreased to 9.0x10 ° cfu/g, and the number of the probiotic residue on the
outer surface of the microcapsules was 0 cfu/g. After the four-layered microcapsules were
incubated in a simulated gastric juice for 2 hours, the amount of contained viable probiotics
decreased to 1.0x10 0 cfu/g, and the weight of the dry microcapsule particles increased by

1% after absorbing water for 48 hours.

Example A7

[00524] 1. Raw materials (based on 10009 of dry microcapsule particles)

[00525] WPI: 7509, concentration 11%;

[00526] 2509 of Bacillus coagulans powders;

[00527] Curing agent solution: 0.5mol/L, pH-4.6

[00528] MCT: Og

[00529] Starch: temperature 50°C, concentration 15%

[00530] 2. Preparation method

[00531] a. The whey protein was uniformly mixed with water and stirred at 4°C at 180
rpm/min for 16 hours;

[00532] b. The whey protein solution was heated at 78°C at 95 rpm/min for 45 minutes;

[00533] c. The solution was cooled immediately at 0°C, and stored at 4°C for 30 hours;
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[00534] d. 137g of sodium acetate, 100ml of glacial acetic acid and 6718g of water were
uniformly mixed to formulate a curing agent solution, and the curing agent solution was
adjusted to a pH value of 4.6. 2.9g of Tween-20 was added, and the mixture was uniformly
mixed for use;

[00535] e. Granulation: the probiotic powder, binder solution and WPI were uniformly mixed
to make WPI uniformly wrap the particles;

[00536] f. Curing: droplets of the curing solution were used to uniformly wrap the particles
obtained in step e;

[00537] g. The microcapsules prepared in step f were dried.

[00538] The microcapsules obtained in this example were double-layered microcapsules. The
amount of viable probiotics in the microcapsules reached 1.0x10 ° cfu/g. The particle size
was 150-250 um. The particle size was uniform and the particles were shiny. After 30 days of
storage at room temperature, the amount of viable probiotics in the microcapsules decreased
to 8.9x10 ° cfu/g; after 60 days, the amount of viable probiotics in the microcapsules
decreased to 7.0x10°cfu/g; after 120 days, the amount of viable probiotics in the
microcapsules decreased to 4.5x10 ° cfu/g, and the number of the probiotic residue on the
outer surface of the microcapsules was 3.8x10 °cfu/g. After the double-layered
microcapsules were incubated in a simulated gastric juice for 2 hours, the amount of
contained viable probiotics decreased to 8.2x10°cfu/g, and the weight of the dry

microcapsule particles increased by 10% after absorbing water for 48 hours.

Comparative example A4

[00539] 1. Raw materials (based on 1000g of dry microcapsule particles)
[00540] WPI: 7509, concentration 11%;

[00541] 2509 of Bacillus coagulans powders;

[00542] Curing agent solution: 0.5mol/L, pH-4.6

[00543] MCT: Og

[00544] Starch: temperature 60°C, concentration 5%

[00545] 2. Preparation method

[00546] a. The whey protein was uniformly mixed with water and stirred at 4°C at 180
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rpm/min for 16 hours;

[00547] b. The whey protein solution was heated at 78°C at 95 rpm/min for 45 minutes;
[00548] c. The solution was cooled immediately at 0°C, and stored at 4°C for 65 hours;
[00549] d. 137g of sodium acetate, 100ml of glacial acetic acid and 6718g of water were
uniformly mixed to formulate a curing agent solution, and the curing agent solution was
adjusted to a pH value of 4.6. 2.9g of Tween-20 was added, and the mixture was uniformly
mixed for use;

[00550] e. Granulation: the probiotic powder, binder solution and WPI were uniformly mixed
to make WPI uniformly wrap the particles;

[00551] f. Curing: droplets of the curing solution were used to uniformly wrap the particles
obtained in step e;

[00552] g. The microcapsules prepared in step f were dried.

[00553] The double-layered microcapsule particles of this comparative example were not

shaped, and most of them were flocculent in the curing solution.

Example A8:

[00554] 1. Raw materials (based on 1000g of dry microcapsule particles)

[00555] WPI: 5509, concentration 11%;

[00556] 2509 of Bacillus coagulans powders;

[00557] Curing agent solution: 0.5mol/L, pH-4.6

[00558] MCT: 200g

[00559] Starch: temperature 70°C, concentration 20%

[00560] 2. Preparation method

[00561] a. The whey protein was uniformly mixed with water and stirred at 4°C at 180
rpm/min for 16 hours;

[00562] b. The whey protein solution was heated at 78°C at 95 rpm/min for 45 minutes;
[00563] c. The solution was cooled immediately at 0°C, and stored at 4°C for 50 hours;
[00564] d. 137g of sodium acetate, 100ml of glacial acetic acid and 6718g of water were
uniformly mixed to formulate a curing agent solution, and the curing agent solution was

adjusted to a pH value of 4.6. 2.9g of Tween-20 was added, and the mixture was uniformly
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mixed for use;

[00565] e. Granulation: the probiotic powder, binder solution and MCT were uniformly
mixed to make grease droplets uniformly wrap particles;

[00566] f. The whey protein solution was added to make droplets uniformly wrap the
particles obtained in step e;

[00567] g. Curing: droplets of the curing solution were used to uniformly wrap the particles
obtained in step f;

[00568] h. The microcapsules prepared in step g were dried.

[00569] The microcapsules obtained in this example were double-layered microcapsules. The
amount of viable probiotics in the microcapsules reached 1.2x10 ° cfu/g. The particle size
was 150-250 um. The particle size was uneven with tailing. After 30 days of storage at room
temperature, the amount of viable probiotics in the microcapsules decreased to 9.0x10 ° cfu/g;
after 60 days, the amount of viable probiotics in the microcapsules decreased to
7.4x10 ° cfu/g; after 120 days, the amount of viable probiotics in the microcapsules decreased
to 4.6x10 ° cfu/g; and the number of the probiotic residue on the outer surface of the
microcapsules was 4.2x10 ° cfu/g. After the double-layered microcapsules were incubated in
a simulated gastric juice for 2 hours, the amount of contained viable probiotics decreased to
8.0x10 ® cfu/g, and the weight of the dry microcapsule particles increased by 15% after
absorbing water for 48 hours.

[00570] The preparation process and microcapsule particle test results of the above examples

were summarized in the following table:

Microcapsule Examples A1-A3 and Comparative Example Al
Parameter | Example Comparative
Process parameters Example A2 Example A3
range Al Example Al
WPI (the first layer)
. 9-13 11 11 11 11
concentration/%
WPI (the first layer) heat treatment
75-96 78 78 78 78
temperature/°C
WPI (the first layer) heat treatment
_ _ 30-180 45 45 45 45
time/min
Cooling time/h 12-60 12 12 12 4
Pore diameter of extrusion 150-750 200 200 200 200
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nozzle/pm
Granulation voltage for extrusion
1500-1800 1600 1600 1600 1600
method/mV
Granulation frequency of extrusion
1300-1500 1300 1300 1300 1300
method/Hz
Fluidization temperature/°C 30-80 65 65 40 65
Part by weight of probiotics 50-500 250 250 250 250
Part by weight of WPI (the first
150-950 750 450 300 750
layer)
Part by weight of WPI (the second
0-350 0 300 0 0
layer)
Part by weight of MCT (the second
0-350 0 0 200 0
layer)
Part by weight of WPI (the third
0-250 0 0 250 0
layer)
Microcapsule Examples A4~A8 and Comparative Example A2-A4
Process Parameter Ex. Ex. Ex. Ex. Ex. Comparative | Comparative | Comparative
parameters range A4 A5 A6 A7 A8 Ex. A2 Ex. A3 Ex. A4
Concentratio
9-13 11 11 11 11 11 11 11 11
n of WP1/%
Heat
treatment
75-96 78 78 78 78 78 78 78 78
temperature
of WPI/°C
Heat
treatment
. 30-180 45 45 45 45 45 45 45 45
time of
WPI/min
Curing
solution
concentratio 45-53 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6
n 0.5mol/l,
PH
Cooling
. 12-60 12 16 16 30 50 16 16 65
time/h
Binder
temperature/ 30-80 30 40 40 50 70 70 90 60
°C
Binder
concentratio
5-20% 5% | 10% | 10% 15% 20% 10% 10% 5%
n/mass
percentage
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Fluidization
temperature/
°C

30-80

30 40

40 50

70

20

90

40

Temperature
of protein

solution

25-75

35 30

35 25

50

20

35

25

Part by
weight of

probiotics

50-500

250 | 250

250 250

250

250

250

250

Part by
weight of
MCT (the
first layer)

0-350

200 | 200

200 0

200

200

200

Part by
weight of
WPI (the
second

layer)

150-950

550 | 350

300 750

550

350

300

750

Part by
weight of
MCT (the
third layer)

0-350

0 200

150 0

200

150

Part by
weight of
WPI (the
fourth layer)

0-250

100 0

100

[00571] 2. The test results of the microcapsule particles of the present examples A1-A8 and

the comparative example A1-A4 were as follows:

Test results of microcapsule examples A1-A8

. Example | Example Example Example | Example | Example
Tested items Example A1 | Example A2
A3 Ad A5 A6 A7 A8
. Round Round Round Round Round Round Round Round
Microcapsule ) ) ) ) ) ) ) )
particles particles particles particles particles particles | particles | particles
morphology . . . . . . . .
Shiny Shiny Shiny Shiny Shiny Shiny Shiny Shiny
Number of viable
probiotics in the
. 1.3x10% 1.3x10% 1.3x10% | 1.3X10%° | 1.3X10%0 1.3%X10%0 | 1.0X10% [ 1.1X10%
microcapsules
(after 0 day)/cfu
Number of viable
probiotics in the 9.2x10° 9.8x10° 1.3x10%° | 9.3X10° 9.9%X10° 1.3X10% [ 8.9X10° | 9.1X10°
microcapsules
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(after 30 days)/cfu

Number of viable
probiotics in the
microcapsules
(after 60 days)/cfu

7.7X10°

8.8x10°

9.8x10° | 7.5X10°

8.9X10°

9.8X10°

7.0X10°

7.4X10°

Number of viable
probiotics in the
microcapsules
(after 120 days)/cfu

4.8x%10°

7.2%10°

8.8X10° | 4.8X10°

7.2X10°

9.0X10°

45X10°

4.6X10°

Number of
probiotic residue on
the outer surface of

microcapsules/cfu

2.3%x108

2.2x104

1.2x10% | 2.3x108

2.0x10°

5.6x10°

Acid resistance
(Number of viable
probiotics in
microcapsules after
2h incubation in
simulated gastric

juice/cfu)

8.8x10°

9.0x10°

1.0x10%° | g8.8X10°

9.0X10°

1.0X10%

8.2X10°

8.9X10°

Hydrophobicity
(Percentage of
weight gain of dry
particles after 48h
of water

absorption/%)

19

10

15

Test results of microcapsule Comparative Example A1~A4

Tested items Comparative | Comparative | Comparative Comparative
Example A1 | Example A2 | Example A3 Example A4
. Poor particle | Poor particle | Poor particle )
Microcapsule Particles are
roundness roundness roundness and
morphology not shaped.
and gloss and gloss gloss
Number of viable
probiotics in the
_ 4.8x10° | 4.8X10° 5.4X10° \
microcapsules
(after 0 day)/cfu
Number of viable
probiotics in the
_ 8.2x108 | 8.2X108 5.2X108 \
microcapsules
(after 30 days)/cfu
Number of viable
probiotics in the
, 6.1x10’ 6.1X107 3.0X107 \
microcapsules
(after 60 days)/cfu
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Number of viable
probiotics in the

_ 3.8x106 | 3.8X10° 2.2X106 \
microcapsules

(after 120 days)/cfu

Number of

probiotic residue on
3.6x10° | 3.6X10° 1.6%X106 \

the outer surface of

microcapsules/cfu

Acid resistance
(Number of viable
probiotics in
microcapsules after 4.1%x107 4.1X107 3.1X107 \
2h incubation in
simulated gastric

juice/cfu)

Hydrophobicity
(Percentage of
weight gain of dr
9 J Y 65 50 50 \
particles after 48h
of water

absorption/%)

B. Preparation of yogurt

Examples B1-B5, comparative examples B1-B2

[00572] The specific operations of Examples B1-B5 and Comparative Examples B1-B2 of
the present application were as follows:

[00573] 1. Preparing fermented milk according to the national standard preparation process
of fermented milk

[00574] a. The raw materials other than zymogenic strains, microcapsules, and honey were
mixed, preferably at about 40-80°C, to prepare a mixture of fermented milk, and then cooling,
preferably to below about 20°C;

[00575] b. The mixture was stirred, homogenizing (preferably at a homogenizing pressure of
about 150-200bar), then subjected to high-temperature and long-term sterilization (preferably
at a sterilization temperature of 95°C, and a sterilization time of 300 seconds), and then
cooled to 41-43°C after the sterilization;

[00576] c. Inoculation, and fermentation at 41-43°C;
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[00577] d. Demulsifying, turning over a tank, and then cooling to below 25°C;

[00578] e. Pasteurizing at a sterilization temperature of 74°C and at a sterilization time of 30

seconds;

[00579] f. Cooling to 15-30°C and entering an aseptic tank;

[00580] g. Aseptic filling;

[00581] 2. Adding probiotic microcapsule particles

wherein after step e and before step f, the product obtained in step e was transferred to a tank

to be filled; probiotic microcapsule particles were directly added, and stirred for 15 minutes.

[00582] Using the basic preparation method, probiotic microcapsules were directly added

before pasteurization:

Raw material | Indicator Example Example Comparative | Comparative
Example B1 | Example B2 | Example B3

ratio range B4 B5 Example B1 | Example B2
The amount
of probiotic

0.02-1% 0.02 0.04 0.06 0.5 1 0.01 1.1
microcapsules
added

Examples B6-B10, Comparative Examples B3-B4
[00583] The specific operations of Examples B6-B10 and Comparative Examples B3-B4 of
the present application were as follows:
[00584] 1. Preparing fermented milk according to the national standard preparation process
of fermented milk
[00585] a. The raw materials other than zymogenic strains, microcapsules, and honey were
mixed, preferably at about 40 to 80°C, to prepare a mixture of fermented milk, and then
cooled, preferably to below about 20°C;
[00586] b. The mixture was stirred, homogenized (preferably at a homogenizing pressure of
about 150-200bar), then subjected to high-temperature and long-term sterilization (preferably
at a sterilization temperature of 95°C, and a sterilization time of 300 seconds), and then

cooled to 41-43°C after the sterilization;
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[00587] c. Inoculation and fermentation at 41-43°C;

[00588] d. Demulsifying, turning over a tank, and then cooling to below 25°C;

[00589] e. Pasteurizing at a sterilization temperature of 75°C and a sterilization time of 25

seconds;

[00590] f. Cooling to 15-30°C and entering an aseptic tank;

[00591] g. Aseptic filling;

[00592] 2. Adding probiotic microcapsule particles

[00593] Before step g and after step f, the sterilized probiotic microcapsules were added,

wherein honey was used as a carrier to sterilize probiotic microcapsules, and sterile online

addition was used. Examples and Comparative Examples were as follows:

Example | Example | Example | Example | Example | Comparative | Comparative
Raw material ratio Indicator range
B6 B7 B8 B9 B10 Example B3 | Example B4
The amount of
probiotic 0.02-1% 0.02 0.04 0.06 0.5 1 0.01 1.1
microcapsules added
Microcapsules:Honey 1:1000-1:10 1:1000 1:500 1:100 1:50 1:10 1:1100 1:9
UV treatment
intensity of the 1000-20000J/L 1000 5000 10000 15000 20000 900 21000
microcapsule mixture

[00594] The product results and evaluations of Examples B1-B5 and Comparative

Examples B1-B2 in this application were as follows:

Comparati | Comparati
Evaluated Example Example Example Example ve ve
Example B2
items B1 B3 B4 B5 Example Example
Bl B2
Smooth Smoothand | Smooth Smooth Smooth Smooth Obvious
Taste and delicate and and and and graininess,
delicate taste, pH delicate delicate delicate delicate pH 4.25
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taste, pH 4.25 taste, pH taste, taste, taste, light
4.25 4.25 moderate moderate taste, pH
acidity, acidity, 4.25
pH4.25 | pH4.25
Slight

No whey No whey No whey No whey No whey
Whey No whey whey

precipitati precipitati | precipitati precipitati | precipitatio
precipitation precipitation precipitati

on on on on n

on
Rough
Texture Smooth Smooth Smooth Smooth Smooth Smooth
texture
Slightly Not Not Not Not
Not layered

layered layered layered layered layered
Stability during shelf Layered

during during during during during

life

shelf life shelf life shelf life shelf life shelf life
The number of
probiotics

>1.0%10° >1.0%10° >1.0%10° >1.0%10° >1.0*10° <1.0*10° | >1.0*10°
during shelf
life, cfu/ml
Acid resistance
(The number of
viable
probiotics in
microcapsules

>1.0%10° >1.0%10° >1.0%10° >1.0%10° >1.0*10° <1.0*105 | >1.0*10°
after being
digested in
simulated
gastric juice for
2 hours/cfu)
Miscellaneous | None None None None None None None
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bacteria residue

Overview

Acceptabl

e

Relatively
Good

good

Relatively

good

Acceptabl

e

Unaccepta

ble ble

Unaccepta

[00595] The product results and evaluations of Examples B6-B10 and Comparative

Examples B3-B4 in this application were as follows:

Comparativ
Evaluate Comparative
Example B6 | Example B7 | Example B8 | Example B9 Example B10 e Example
d items Example B3
B4
Smooth and Smooth and
Smooth and
Smooth and | Smooth and Smooth and | delicate taste, | delicate taste, Obvious
delicate taste,
Taste delicate delicate taste, | delicate moderate moderate graininess,
light taste, pH
taste, pH 4.2 | pH 4.2 taste, pH 4.2 | acidity, pH acidity, pH pH 4.2
4.2
4.2 4.2
Whey No whey
No whey No whey No whey No whey Slight whey No whey
precipita precipitatio
precipitation | precipitation | precipitation | precipitation precipitation precipitation
tion n
Rough
Texture | Smooth Smooth Smooth Smooth Smooth Smooth
texture
Slightly
Not layered Not layered | Not layered Not layered Not layered
layered
Stability during shelf during shelf | during shelf during shelf during shelf Layered
during shelf
life life life life life
life
The
number
of >1.0%10° >1.0%10° >1.0%10° >1.0%10° >1.0%10° <1.0*10° >1.0%10°
probioti
cs

77




during
shelf
lifecfu/

mi

Acid
resistanc
e (The
number
of viable
probioti
csin
microca
psules
after
being
digested
in
simulate
d gastric
juice for
2

hours/cf

u)

>1.0*10°

>1.0*10°

>1.0*10°

>1.0*10°

>1.0*10°

<1.0*10°

>1.0*10°

Miscella

neous

bacteria

residue

None

None

None

None

None

Yes

None

L. Preparation of microcapsules (probiotic microcapsules) (I1)
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[00596] Used in the following examples:

[00597] The specification of Bacillus coagulans was 90 billion CFU/qg.

[00598] Prolamin was zein, which was easily soluble in 75-92% ethanol.

[00599] The extrusion spheronization granulator was consisted of a wet mixing granulator
and a low-shear vertical extrusion spheronization machine. The wet mixing granulator was
used for a mixing of dry powders and a mixing of dry powders and water to make raw
materials into wet materials. Low-shear vertical extrusion spheronization machine was used
to extrude, cut, and shape wet materials to obtain a regular round pellet core.

Examples L1 to 3 and comparative examples

Example L1

[00600] Raw materials (based on 150kg of dry microcapsule particles):

[00601] Pellet core: 200g of Bacillus coagulans, 800g of microcrystalline cellulose, 1000g of
water.

[00602] Water-blocking coating layer solution 1: Prolamin 2889, oleic acid 1129, 75%
ethanol 1200g.

[00603] Water-blocking coating layer solution 2: prolamin 54.4g, glycerin 12.8g, 75%
ethanol 252.8g.

[00604] Hydrophilic coating layer solution: pectin 110g, water 2090g.

[00605] Preparation:

[00606] Bacillus coagulans powders were uniformly mixed with microcrystalline cellulose.
The mixture was added into a wet granulation pot, and premixed for 10 minutes.

[00607] A cutting knife was turned on, and a peristaltic pump was turned on at 20-30r/min.
Water consumption was 1000kg, and time was 30mins. A soft material with a water content
of 49.7% was obtained.

[00608] A granulator was started with a feeding speed of 30rpm and an extrusion speed of
50rpm for 60min. A soft material was added, and a strip-shaped soft material was extruded
through an orifice plate. The strip-shaped soft material was collected on a receiving tray, and
kept below 45°C.

[00609] The extrusion motor was stopped. The spheronization speed was adjusted to 400rpm,

and the spheronization motor was started for spheronization for 100s. The extruded
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strip-shaped soft material was poured into a spheronization cylinder at one time and rounded.
[00610] After the spheronization was completed, the pellets were dried in a fluidized bed at a
drying temperature of 45-50°C to obtain a primary pellet core.

[00611] A fluidized bed spray granulation method was used, wherein the fluidized bed inlet
air temperature was set to 55°C, the air flow was 32, and the atomization pressure was 2.5.
[00612] 1600 g of the water-blocking coating solution 1 was sprayed into the fluidized bed
through spray gun atomization to make the droplets uniformly wrap the pellet core. After
fluidization of every 400 ml of coating solution, particles were passed through a 50-80 mesh
screen, and the particles larger than 80 mesh and smaller than 50 mesh were discarded.
[00613] 320 g of the water-blocking coating solution 2 was sprayed into the fluidized bed
through spray gun atomization, and the particles after 50-80 mesh sieving were retained. A
double-layered water-blocked particles were thus formed.

[00614] 220 g of the hydrophilic coating solution was sprayed into the fluidized bed through
spray gun atomization, and the particles after 50-80 mesh sieving were retained to obtain the
final particles.

[00615] The microcapsules obtained in this example were three-layered microcapsules. The
amount of viable probiotics in the microcapsules reached 1.3x10 *° cfu/g. The amount of
viable probiotics outside the microcapsules reached 7.8x10 3 cfu/g. The particle size was
180-270 um. The particle size was uniform, and the particles were ecru and shiny. After 30
days of storage at room temperature, the amount of viable probiotics in the microcapsules
decreased to 1.2x101°cfu/g; after 60 days, the amount of viable probiotics in the
microcapsules decreased to 1.15x10 ¥ cfu/g; after 120 days, the amount of viable probiotics
in the microcapsules decreased to 1.05x10 ° cfu/g, and the number of the probiotic residue
on the outer surface of the microcapsules was 4.5x10 3 cfu/g. The amount of viable probiotics
contained in the microcapsules decreased to 1.1x10 0 cfu/g after 2 hours of incubation in the

simulated gastric juice.

Example L2
[00616] Raw materials (based on 150kg of dry microcapsule particles):

[00617] Pellet core: 200g of Bacillus coagulans, 800g of microcrystalline cellulose, 1000g of
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water.

[00618] Water-blocking coating layer solution 1: Prolamin 270g, oleic acid 105g, 75%
ethanol 1125g.

[00619] Water-blocking coating layer solution 2: prolamin 54.4g, glycerin 12.8g, 75%
ethanol 252.8g.

[00620] Hydrophilic coating layer solution: pectin 110g, water 2090g.

[00621] Preparation:

[00622] Bacillus coagulans powders were uniformly mixed with microcrystalline cellulose.
The mixture was added into a wet granulation pot, and premixed for 10 minutes.

[00623] A cutting knife was turned on, and a peristaltic pump was turned on at 20-30r/min.
Water consumption was 1000kg, and time was 30mins. A soft material with a water content
of 49.7% was obtained.

[00624] A granulator was started with a feeding speed of 30rpm and an extrusion speed of
50rpm for 60min. A soft material was added, and a strip-shaped soft material was extruded
through an orifice plate. The strip-shaped soft material was collected on a receiving tray, and
kept below 45°C.

[00625] The extrusion motor was stopped. The spheronization speed was adjusted to 400rpm,
and the spheronization motor was started for spheronization for 100s. The extruded
strip-shaped soft material was poured into a spheronization cylinder at one time and rounded.
[00626] After the spheronization was completed, the pellets were dried in a fluidized bed at a
drying temperature of 45-50°C to obtain a primary pellet core.

[00627] A fluidized bed spray granulation method was used, wherein the fluidized bed inlet
air temperature was set to 55°C, the air flow was 32, and the atomization pressure was 2.5.
[00628] 1600 g of the water-blocking coating solution 1 was sprayed into the fluidized bed
through spray gun atomization to make the droplets uniformly wrap the pellet core. After
fluidization of every 400 ml of coating solution, particles were passed through a 50-80 mesh
screen, and the particles larger than 80 mesh and smaller than 50 mesh were discarded.
[00629] 320 g of the water-blocking coating solution 2 was sprayed into the fluidized bed
through spray gun atomization, and the particles after 50-80 mesh sieving were retained. A

double-layered water-blocked particles were thus formed.
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[00630] 220 g of the hydrophilic coating solution was sprayed into the fluidized bed through
spray gun atomization, and the particles after 50-80 mesh sieving were retained to obtain the
final particles.

[00631] The microcapsules obtained in this example were three-layered microcapsules. The
amount of viable probiotics in the microcapsules reached 1.35x10 ° cfu/g. The amount of
viable probiotics outside the microcapsules reached 8.2x10 3 cfu/g. The particle size was
180-270 um. The particle size was uniform, and the particles were ecru and shiny. After 30
days of storage at room temperature, the amount of viable probiotics in the microcapsules
decreased to 1.28x10 1°cfu/g; after 60 days, the amount of viable probiotics in the
microcapsules decreased to 1.14x10 ° cfu/g; after 120 days, the amount of viable probiotics
in the microcapsules decreased to 1.0x10 ° cfu/g, and the number of the probiotic residue on
the outer surface of the microcapsules was 4.0x10 * cfu/g. The amount of viable probiotics
contained in the microcapsules decreased to 1.05x10 0 cfu/g after 2 hours of incubation in

the simulated gastric juice.

Example L3

[00632] Raw materials (based on 15009 of dry microcapsule particles):

[00633] Pellet core: 200g of Bacillus coagulans, 800g of microcrystalline cellulose, 1000g of
water.

[00634] Water-blocking coating layer solution 1: prolamin 292.5g, oleic acid 157.5g, 75%
ethanol 1200g.

[00635] Water-blocking coating layer solution 2: prolamin 54.4g, glycerin 12.8g, 75%
ethanol 252.8g.

[00636] Hydrophilic coating layer solution: pectin 110g, water 2090g.

[00637] Preparation:

[00638] Bacillus coagulans powders were uniformly mixed with microcrystalline cellulose.
The mixture was added into a wet granulation pot, and premixed for 10 minutes.

[00639] A cutting knife was turned on, and a peristaltic pump was turned on at 20-30r/min.
Water consumption was 1000g, and time was 30mins. A soft material with a water content of

49.7% was obtained.
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[00640] A granulator was started with a feeding speed of 30rpm and an extrusion speed of
50rpm for 60min. A soft material was added, and a strip-shaped soft material was extruded
through an orifice plate. The strip-shaped soft material was collected on a receiving tray, and
kept below 45°C.

[00641] The extrusion motor was stopped. The spheronization speed was adjusted to 420rpm,
and the spheronization motor was started for spheronization for 100s. The extruded
strip-shaped soft material was poured into a spheronization cylinder at one time and rounded.
[00642] After the spheronization was completed, the pellets were dried in a fluidized bed at a
drying temperature of 45-50°C to obtain a primary pellet core.

[00643] A fluidized bed spray granulation method was used, wherein the fluidized bed inlet
air temperature was set to 55°C, the air flow was 32, and the atomization pressure was 2.5.
[00644] 1800 g of the water-blocking coating solution 1 was sprayed into the fluidized bed
through spray gun atomization to make the droplets uniformly wrap the pellet core. After
fluidization of every 400 ml of coating solution, particles were passed through a 50-80 mesh
screen, and the particles larger than 80 mesh and smaller than 50 mesh were discarded.
[00645] 320 g of the water-blocking coating solution 2 was sprayed into the fluidized bed
through spray gun atomization, and the particles after 50-80 mesh sieving were retained. A
double-layered water-blocked particles were thus formed.

[00646] 220 g of the hydrophilic coating solution was sprayed into the fluidized bed through
spray gun atomization, and the particles after 50-80 mesh sieving were retained to obtain the
final particles.

[00647] The microcapsules obtained in this example were three-layered microcapsules. The
amount of viable probiotics in the microcapsules reached 1.2x10 *° cfu/g. The amount of
viable probiotics outside the microcapsules reached 7.5x10 3 cfu/g. The particle size was
180-270 um. The particle size was uniform, and the particles were ecru and shiny. After 30
days of storage at room temperature, the amount of viable probiotics in the microcapsules
decreased to 1.1x101°cfu/g; after 60 days, the amount of viable probiotics in the
microcapsules decreased to 9.8x10 ° cfu/g; after 120 days, the amount of viable probiotics in
the microcapsules decreased to 1.0x10 ° cfu/g, and the number of the probiotic residue on

the outer surface of the microcapsules was 7x10 2 cfu/g. The amount of viable probiotics
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contained in the microcapsules decreased to 1.15x10 0 cfu/g after 2 hours of incubation in

the simulated gastric juice.

Example L4

[00648] Raw materials (based on 150kg of dry microcapsule particles):

[00649] Pellet core: 180g of Bacillus coagulans, 820g of microcrystalline cellulose, 1000g of
water.

[00650] Water-blocking coating layer solution 1: prolamin 288g, oleic acid 1129, 75%
ethanol 1200g.

[00651] Water-blocking coating layer solution 2: prolamin 54.4g, glycerin 12.8g, 75%
ethanol 252.8g.

[00652] Hydrophilic coating layer solution: pectin 110g, water 2090g.

[00653] Preparation:

[00654] Bacillus coagulans powders were uniformly mixed with microcrystalline cellulose.
The mixture was added into a wet granulation pot, and premixed for 10 minutes.

[00655] A cutting knife was turned on, and a peristaltic pump was turned on at 20-30r/min.
Water consumption was 1000g, and time was 30mins. A soft material with a water content of
49.7% was obtained.

[00656] A granulator was started with a feeding speed of 30rpm and an extrusion speed of
50rpm for 60min. A soft material was added, and a strip-shaped soft material was extruded
through an orifice plate. The strip-shaped soft material was collected on a receiving tray, and
kept below 45°C.

[00657] The extrusion motor was stopped. The spheronization speed was adjusted to 420rpm,
and the spheronization motor was started for spheronization for 100s. The extruded
strip-shaped soft material was poured into a spheronization cylinder at one time and rounded.

[00658] After the spheronization was completed, the pellets were dried in a fluidized bed at a
drying temperature of 45-50°C to obtain a primary pellet core.

[00659] A fluidized bed spray granulation method was used, wherein the fluidized bed inlet
air temperature was set to 55°C, the air flow was 32, and the atomization pressure was 2.5.

[00660] 1600 g of the water-blocking coating solution 1 was sprayed into the fluidized bed
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through spray gun atomization to make the droplets uniformly wrap the pellet core. After
fluidization of every 400 ml of coating solution, particles were passed through a 50-80 mesh
screen, and the particles larger than 80 mesh and smaller than 50 mesh were discarded.
[00661] 320 g of the water-blocking coating solution 2 was sprayed into the fluidized bed
through spray gun atomization, and the particles after 50-80 mesh sieving were retained. A
double-layered water-blocked particles were thus formed.

[00662] 220 g of the hydrophilic coating solution was sprayed into the fluidized bed through
spray gun atomization, and the particles after 50-80 mesh sieving were retained to obtain the
final particles.

[00663] The microcapsules obtained in this example were three-layered microcapsules. The
amount of viable probiotics in the microcapsules reached 1.25x10 ° cfu/g. The amount of
viable probiotics outside the microcapsules reached 7.5x10 3 cfu/g. The particle size was
180-270 um. The particle size was uniform, and the particles were ecru and shiny. After 30
days of storage at room temperature, the amount of viable probiotics in the microcapsules
decreased to 1.13x10 1°cfu/g; after 60 days, the amount of viable probiotics in the
microcapsules decreased to 1.0x10 ° cfu/g; after 120 days, the amount of viable probiotics in
the microcapsules decreased to 9.9x10° cfu/g, and the number of the probiotic residue on the
outer surface of the microcapsules was 4.5x10° cfu/g. The amount of viable probiotics
contained in the microcapsules decreased to 1.0x10 10 cfu/g after 2 hours of incubation in the

simulated gastric juice.

Example L5

[00664] Raw materials (based on 150kg of dry microcapsule particles):

[00665] Pellet core: 200g of Bacillus coagulans, 800g of microcrystalline cellulose, 1000g of
water.

[00666] Water-blocking coating layer solution 1: prolamin 288g, oleic acid 1129, 75%
ethanol 1200g.

[00667] Water-blocking coating layer solution 2: prolamin 54.4g, glycerin 12.8g, 75%
ethanol 252.8g.

[00668] Hydrophilic coating layer solution: pectin 110g, water 2090g.
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[00669] Preparation:

[00670] Bacillus coagulans powders were uniformly mixed with microcrystalline cellulose.
The mixture was added into a wet granulation pot, and premixed for 10 minutes.

[00671] A cutting knife was turned on, and a peristaltic pump was turned on at 20-30r/min.
Water consumption was 1000g, and time was 30mins. A soft material with a water content of
49.7% was obtained.

[00672] A granulator was started with a feeding speed of 30rpm and an extrusion speed of
47rpm for 60min. A soft material was added, and a strip-shaped soft material was extruded
through an orifice plate. The strip-shaped soft material was collected on a receiving tray, and
kept below 45°C.

[00673] The extrusion motor was stopped. The spheronization speed was adjusted to 400rpm,
and the spheronization motor was started for spheronization for 100s. The extruded
strip-shaped soft material was poured into a spheronization cylinder at one time and rounded.
[00674] After the spheronization was completed, the pellets were dried in a fluidized bed at a
drying temperature of 45-50°C to obtain a primary pellet core.

[00675] A fluidized bed spray granulation method was used, wherein the fluidized bed inlet
air temperature was set to 55°C, the air flow was 32, and the atomization pressure was 2.5.
[00676] 320 g of the water-blocking coating solution 2 was sprayed into the fluidized bed
through spray gun atomization, and the particles after 50-80 mesh sieving were retained. A
double-layered water-blocked particles were thus formed.

[00677] 1600 g of the water-blocking coating solution 1 was sprayed into the fluidized bed
through spray gun atomization to make the droplets uniformly wrap the pellet core. After
fluidization of every 400 ml of coating solution, particles were passed through a 50-80 mesh
screen, and the particles larger than 80 mesh and smaller than 50 mesh were discarded.
[00678] 220 g of the hydrophilic coating solution was sprayed into the fluidized bed through
spray gun atomization, and the particles after 50-80 mesh sieving were retained to obtain the
final particles.

[00679] The microcapsules obtained in this example were three-layered microcapsules. The
amount of viable probiotics in the microcapsules reached 1.3x10 *° cfu/g. The amount of

viable probiotics outside the microcapsules reached 7.8x10 3 cfu/g. The particle size was
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180-270 um. The particle size was uniform, and the particles were khaki and shiny. After 30
days of storage at room temperature, the amount of viable probiotics in the microcapsules
decreased to 1.2x101°cfu/g; after 60 days, the amount of viable probiotics in the
microcapsules decreased to 1.15x10 ¥ cfu/g; after 120 days, the amount of viable probiotics
in the microcapsules decreased to 1.05x10 ° cfu/g, and the number of the probiotic residue
on the outer surface of the microcapsules was 4.5x10 3 cfu/g. The amount of viable probiotics
contained in the microcapsules decreased to 1.1x10 10 cfu/g after 2 hours of incubation in the

simulated gastric juice.

Example L6

[00680] Raw materials (based on 150kg of dry microcapsule particles):

[00681] Pellet core: 200g of Bacillus coagulans, 800g of microcrystalline cellulose, 1000g of
water.

[00682] Grease layer: MCT 200g.

[00683] Water-blocking coating layer solution 1: prolamin 288g, oleic acid 1129, 75%
ethanol 1200g.

[00684] Water-blocking coating layer solution 2: prolamin 54.4g, glycerin 12.8g, 75%
ethanol 252.8g.

[00685] Hydrophilic coating layer solution: pectin 110g, water 2090g.

[00686] Preparation:

[00687] Bacillus coagulans powders were uniformly mixed with microcrystalline cellulose.
The mixture was added into a wet granulation pot, and premixed for 10 minutes.

[00688] A cutting knife was turned on, and a peristaltic pump was turned on at 20-30r/min.
Water consumption was 1000g, and time was 30mins. A soft material with a water content of
49.7% was obtained.

[00689] A granulator was started with a feeding speed of 30rpm and an extrusion speed of
50rpm for 60min. A soft material was added, and a strip-shaped soft material was extruded
through an orifice plate. The strip-shaped soft material was collected on a receiving tray, and
kept below 45°C.

[00690] The extrusion motor was stopped. The spheronization speed was adjusted to 400rpm,
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and the spheronization motor was started for spheronization for 100s. The extruded
strip-shaped soft material was poured into a spheronization cylinder at one time and rounded.
[00691] After the spheronization was completed, the pellets were dried in a fluidized bed at a
drying temperature of 45-50°C to obtain a primary pellet core.

[00692] 1000g of primary pellet cores were mixed with 200g of MCT and soaked for 12
hours.

[00693] A fluidized bed spray granulation method was used, wherein the fluidized bed inlet
air temperature was set to 55°C, the air flow was 32, and the atomization pressure was 2.5.
[00694] 1600 g of the water-blocking coating solution 1 was sprayed into the fluidized bed
through spray gun atomization to make the droplets uniformly wrap the pellet core. After
fluidization of every 400 ml of coating solution, particles were passed through a 50-80 mesh
screen, and the particles larger than 80 mesh and smaller than 50 mesh were discarded.
[00695] 320 g of the water-blocking coating solution 2 was sprayed into the fluidized bed
through spray gun atomization, and the particles after 50-80 mesh sieving were retained. A
double-layered water-blocked particles were thus formed.

[00696] 220 g of the hydrophilic coating solution was sprayed into the fluidized bed through
spray gun atomization, and the particles after 50-80 mesh sieving were retained to obtain the
final particles.

[00697] The microcapsules obtained in this example were four-layered microcapsules. The
amount of viable probiotics in the microcapsules reached 1.23x10 ° cfu/g. The amount of
viable probiotics outside the microcapsules reached 7.x10 3 cfu/g. The particle size was
180-270 um. The particle size was uniform, and the particles were ecru and shiny. After 30
days of storage at room temperature, the amount of viable probiotics in the microcapsules
decreased to 1.09x10 °cfu/g; after 60 days, the amount of viable probiotics in the
microcapsules decreased to 1.02x10 ° cfu/g; after 120 days, the amount of viable probiotics
in the microcapsules decreased to 9.8x10 ° cfu/g, and the number of the probiotic residue on
the outer surface of the microcapsules was 3.9x10 2 cfu/g. The amount of viable probiotics
contained in the microcapsules decreased to 1.1x10 10 cfu/g after 2 hours of incubation in the

simulated gastric juice.
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Example L7

[00698] Raw materials (based on 150kg of dry microcapsule particles):

[00699] Pellet core: 200g of Bacillus coagulans, 800g of microcrystalline cellulose, 1000g of
water.

[00700] Water-blocking coating layer solution 1: prolamin 260g, oleic acid 140g, 75%
ethanol 1200g.

[00701] Water-blocking coating layer solution 2: prolamin 54.4g, glycerin 12.8g, 75%
ethanol 252.8g.

[00702] Hydrophilic coating layer solution: pectin 110g, water 2090g.

[00703] Preparation:

[00704] Bacillus coagulans powders were uniformly mixed with microcrystalline cellulose.
The mixture was added into a wet granulation pot, and premixed for 10 minutes.

[00705] A cutting knife was turned on, and a peristaltic pump was turned on at 20-30r/min.
Water consumption was 1000g, and time was 30mins. A soft material with a water content of
49.7% was obtained.

[00706] A granulator was started with a feeding speed of 30rpm and an extrusion speed of
50rpm for 60min. A soft material was added, and a strip-shaped soft material was extruded
through an orifice plate. The strip-shaped soft material was collected on a receiving tray, and
kept below 45°C.

[00707] The extrusion motor was stopped. The spheronization speed was adjusted to 400rpm,
and the spheronization motor was started for spheronization for 100s. The extruded
strip-shaped soft material was poured into a spheronization cylinder at one time and rounded.
[00708] After the spheronization was completed, the pellets were dried in a fluidized bed at a
drying temperature of 45-50°C to obtain a primary pellet core.

[00709]

[00710] A fluidized bed spray granulation method was used, wherein the fluidized bed inlet
air temperature was set to 55°C, the air flow was 32, and the atomization pressure was 2.5.
[00711] 1600 g of the water-blocking coating solution 1 was sprayed into the fluidized bed
through spray gun atomization to make the droplets uniformly wrap the pellet core. After

fluidization of every 400 ml of coating solution, particles were passed through a 50-80 mesh
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screen, and the particles larger than 80 mesh and smaller than 50 mesh were discarded.
[00712] 320 g of the water-blocking coating solution 2 was sprayed into the fluidized bed
through spray gun atomization, and the particles after 50-80 mesh sieving were retained. A
double-layered water-blocked particles were thus formed.

[00713] 220 g of the hydrophilic coating solution was sprayed into the fluidized bed through
spray gun atomization, and the particles after 50-80 mesh sieving were retained to obtain the
final particles.

[00714] The microcapsules obtained in this example were three-layered microcapsules. The
amount of viable probiotics in the microcapsules reached 1.22x10 1° cfu/g. The amount of
viable probiotics outside the microcapsules reached 7.3x10 3 cfu/g. The particle size was
180-270 um. The particle size was uniform, and the particles were ecru and shiny. After 30
days of storage at room temperature, the amount of viable probiotics in the microcapsules
decreased to 1.18x10 !°cfu/g; after 60 days, the amount of viable probiotics in the
microcapsules decreased to 1.15x10 ¥ cfu/g; after 120 days, the amount of viable probiotics
in the microcapsules decreased to 1.05x10 ° cfu/g, and the number of the probiotic residue
on the outer surface of the microcapsules was 3.9x10 3 cfu/g. The amount of viable probiotics
contained in the microcapsules decreased to 1.1x10 10 cfu/g after 2 hours of incubation in the

simulated gastric juice.

Example L8

[00715] Raw materials (based on 150kg of dry microcapsule particles):

[00716] Pellet core: 200g of Bacillus coagulans, 800g of microcrystalline cellulose, 1000g of
water.

[00717] Water-blocking coating layer solution 1: prolamin 288g, oleic acid 1129, 75%
ethanol 1200g.

[00718] Water-blocking coating layer solution 2: prolamin 54.4g, glycerin 12.8g, 75%
ethanol 252.8g.

[00719] Hydrophilic coating layer solution: pectin 110g, water 2090g.

[00720] Preparation:

[00721] Bacillus coagulans powders were uniformly mixed with microcrystalline cellulose.
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The mixture was added into a wet granulation pot, and premixed for 10 minutes.

[00722] A cutting knife was turned on, and a peristaltic pump was turned on at 20-30r/min.
Water consumption was 1000g, and time was 30mins. A soft material with a water content of
49.7% was obtained.

[00723] A granulator was started with a feeding speed of 30rpm and an extrusion speed of
50rpm for 60min. A soft material was added, and a strip-shaped soft material was extruded
through an orifice plate. The strip-shaped soft material was collected on a receiving tray, and
kept below 45°C.

[00724] The extrusion motor was stopped. The spheronization speed was adjusted to 400rpm,
and the spheronization motor was started for spheronization for 100s. The extruded
strip-shaped soft material was poured into a spheronization cylinder at one time and rounded.
[00725] After the spheronization was completed, the pellets were dried in a fluidized bed at a
drying temperature of 45-50°C to obtain a primary pellet core.

[00726] A fluidized bed spray granulation method was used, wherein the fluidized bed inlet
air temperature was set to 59°C, the air flow was 32, and the atomization pressure was 2.5.
[00727] 1600 g of the water-blocking coating solution 1 was sprayed into the fluidized bed
through spray gun atomization to make the droplets uniformly wrap the pellet core. After
fluidization of every 400 ml of coating solution, particles were passed through a 50-80 mesh
screen, and the particles larger than 80 mesh and smaller than 50 mesh were discarded.
[00728] 320 g of the water-blocking coating solution 2 was sprayed into the fluidized bed
through spray gun atomization, and the particles after 50-80 mesh sieving were retained. A
double-layered water-blocked particles were thus formed.

[00729] 220 g of the hydrophilic coating solution was sprayed into the fluidized bed through
spray gun atomization, and the particles after 50-80 mesh sieving were retained to obtain the
final particles.

[00730] The microcapsules obtained in this example were three-layered microcapsules. The
amount of viable probiotics in the microcapsules reached 1.27x10 ° cfu/g. The amount of
viable probiotics outside the microcapsules reached 7.8x10 3 cfu/g. The particle size was
180-270 um. The particle size was uniform, and the particles were ecru and shiny. After 30

days of storage at room temperature, the amount of viable probiotics in the microcapsules
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decreased to 1.2x10 %% cfu/g; after 60 days, the amount of viable probiotics in the
microcapsules decreased to 1.15x10 ¥ cfu/g; after 120 days, the amount of viable probiotics
in the microcapsules decreased to 1.05x10 ° cfu/g, and the number of the probiotic residue
on the outer surface of the microcapsules was 4.5x10 3 cfu/g. The amount of viable probiotics
contained in the microcapsules decreased to 9.7x10 ° cfu/g after 2 hours of incubation in the

simulated gastric juice.

Comparative example L1

[00731] Raw materials (based on 150kg of dry microcapsule particles):

[00732] Pellet core: 400g of Bacillus coagulans, 600g of microcrystalline cellulose, 1000g of
water.

[00733] Water-blocking coating layer solution 1: prolamin 288g, oleic acid 1129, 75%
ethanol 1200g.

[00734] Water-blocking coating layer solution 2: prolamin 54.4g, glycerin 12.8g, 75%
ethanol 252.8g.

[00735] Hydrophilic coating layer solution: pectin 110g, water 2090g.

[00736] Preparation:

[00737] Bacillus coagulans powders were uniformly mixed with microcrystalline cellulose.
The mixture was added into a wet granulation pot, and premixed for 10 minutes.

[00738] A cutting knife was turned on, and a peristaltic pump was turned on at 20-30r/min.
Water consumption was 1000g, and time was 30mins. A soft material with a water content of
49.7% was obtained.

[00739] A granulator was started with a feeding speed of 30rpm and an extrusion speed of
50rpm for 60min. A soft material was added, and a strip-shaped soft material was extruded
through an orifice plate. The strip-shaped soft material was collected on a receiving tray, and
kept below 45°C.

[00740] The extrusion motor was stopped. The spheronization speed was adjusted to 400rpm,
and the spheronization motor was started for spheronization for 100s. The extruded
strip-shaped soft material was poured into a spheronization cylinder at one time and rounded.

[00741] After the spheronization was completed, the pellets were dried in a fluidized bed at a
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drying temperature of 45-50°C to obtain a primary pellet core.

[00742] A fluidized bed spray granulation method was used, wherein the fluidized bed inlet
air temperature was set to 55°C, the air flow was 32, and the atomization pressure was 2.5.
[00743] 1600 g of the water-blocking coating solution 1 was sprayed into the fluidized bed
through spray gun atomization to make the droplets uniformly wrap the pellet core. After
fluidization of every 400 ml of coating solution, particles were passed through a 50-80 mesh
screen, and the particles larger than 80 mesh and smaller than 50 mesh were discarded.
[00744] 320 g of the water-blocking coating solution 2 was sprayed into the fluidized bed
through spray gun atomization, and the particles after 50-80 mesh sieving were retained. A
double-layered water-blocked particles were thus formed.

[00745] 220 g of the hydrophilic coating solution was sprayed into the fluidized bed through
spray gun atomization, and the particles after 50-80 mesh sieving were retained to obtain the
final particles.

[00746] The primary pellet cores obtained in this example were not shaped.

Comparative example L2

[00747] Raw materials (based on 150kg of dry microcapsule particles):

[00748] Pellet core: 200g of Bacillus coagulans, 800g of microcrystalline cellulose, 1000g of
water.

[00749] Water-blocking coating layer solution 1: prolamin 48.8g, oleic acid 31.2g, 75%
ethanol 1200g.

[00750] Water-blocking coating layer solution 2: prolamin 127.68g, glycerin 40.32g, 75%
ethanol 632g.

[00751] Hydrophilic coating layer solution: pectin 110g, water 2090g.

[00752] Preparation:

[00753] Bacillus coagulans powders were uniformly mixed with microcrystalline cellulose.
The mixture was added into a wet granulation pot, and premixed for 10 minutes.

[00754] A cutting knife was turned on, and a peristaltic pump was turned on at 20-30r/min.
Water consumption was 1000g, and time was 30mins. A soft material with a water content of

49.7% was obtained.
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[00755] A granulator was started with a feeding speed of 30rpm and an extrusion speed of
50rpm for 60min. A soft material was added, and a strip-shaped soft material was extruded
through an orifice plate. The strip-shaped soft material was collected on a receiving tray, and
kept below 45°C.

[00756] The extrusion motor was stopped. The spheronization speed was adjusted to 400rpm,
and the spheronization motor was started for spheronization for 100s. The extruded
strip-shaped soft material was poured into a spheronization cylinder at one time and rounded.
[00757] After the spheronization was completed, the pellets were dried in a fluidized bed at a
drying temperature of 45-50°C to obtain a primary pellet core.

[00758] A fluidized bed spray granulation method was used, wherein the fluidized bed inlet
air temperature was set to 55°C, the air flow was 32, and the atomization pressure was 2.5.
[00759] 1600 g of the water-blocking coating solution 1 was sprayed into the fluidized bed
through spray gun atomization to make the droplets uniformly wrap the pellet core. After
fluidization of every 400 ml of coating solution, particles were passed through a 50-80 mesh
screen, and the particles larger than 80 mesh and smaller than 50 mesh were discarded.
[00760] 320 g of the water-blocking coating solution 2 was sprayed into the fluidized bed
through spray gun atomization, and the particles after 50-80 mesh sieving were retained. A
double-layered water-blocked particles were thus formed.

[00761] 220 g of the hydrophilic coating solution was sprayed into the fluidized bed through
spray gun atomization, and the particles after 50-80 mesh sieving were retained to obtain the
final particles.

[00762] In this example, small lumps of different sizes and irregular shapes were obtained.
The amount of viable probiotics in the microcapsules reached 6.8x10 8 cfu/g, and the amount
of viable probiotics outside the microcapsules reached 4.2x10 8 cfu/g. The particle size was
180-270 um. After 30 days of storage at room temperature, the amount of viable probiotics in
the microcapsules decreased to 4.8x10 8 cfu/g; after 60 days, the amount of viable probiotics
in the microcapsules decreased to 8.0x10 7 cfu/g; after 120 days, the amount of viable
probiotics in the microcapsules decreased to 2.2x10 7 cfu/g, and the number of the probiotic
residue on the outer surface of the microcapsules was 9.4x10 ° cfu/g. The amount of viable

probiotics contained in the microcapsules decreased to 3.0x108cfu/g after 2 hours of
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incubation in the simulated gastric juice.

Comparative example L3

[00763] Raw materials (based on 150kg of dry microcapsule particles):

[00764] Pellet core: 200g of Bacillus coagulans, 800g of microcrystalline cellulose, 1000g of
water.

[00765] Water-blocking coating layer solution 1: prolamin 48.8g, oleic acid 31.2g, 75%
ethanol 1200g.

[00766] Water-blocking coating layer solution 2: prolamin 127.68g, glycerin 40.329, 75%
ethanol 632g.

[00767] Hydrophilic coating layer solution: pectin 110g, water 2090g.

[00768] Preparation:

[00769] Bacillus coagulans powders were uniformly mixed with microcrystalline cellulose.
The mixture was added into a wet granulation pot, and premixed for 10 minutes.

[00770] A cutting knife was turned on, and a peristaltic pump was turned on at 20-30r/min.
Water consumption was 1000g, and time was 30mins. A soft material with a water content of
49.7% was obtained.

[00771] A granulator was started with a feeding speed of 30rpm and an extrusion speed of
50rpm for 60min. A soft material was added, and a strip-shaped soft material was extruded
through an orifice plate. The strip-shaped soft material was collected on a receiving tray, and
kept below 45°C.

[00772] The extrusion motor was stopped. The spheronization speed was adjusted to 400rpm,
and the spheronization motor was started for spheronization for 100s. The extruded
strip-shaped soft material was poured into a spheronization cylinder at one time and rounded.
[00773] After the spheronization was completed, the pellets were dried in a fluidized bed at a
drying temperature of 45-50°C to obtain a primary pellet core.

[00774] A fluidized bed spray granulation method was used, wherein the fluidized bed inlet
air temperature was set to 70°C, the air flow was 32, and the atomization pressure was 2.5.
[00775] 1600 g of the water-blocking coating solution 1 was sprayed into the fluidized bed

through spray gun atomization to make the droplets uniformly wrap the pellet core. After
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fluidization of every 400 ml of coating solution, particles were passed through a 50-80 mesh
screen, and the particles larger than 80 mesh and smaller than 50 mesh were discarded.
[00776] 320 g of the water-blocking coating solution 2 was sprayed into the fluidized bed
through spray gun atomization, and the particles after 50-80 mesh sieving were retained. A
double-layered water-blocked particles were thus formed.

[00777] 220 g of the hydrophilic coating solution was sprayed into the fluidized bed through
spray gun atomization, and the particles after 50-80 mesh sieving were retained to obtain the
final particles.

[00778] The microcapsules obtained in this example were three-layered microcapsules. The
amount of viable probiotics in the microcapsules reached 2.3x10 8 cfu/g, and the amount of
viable probiotics outside the microcapsules reached 2.8x10 2 cfu/g. The particle size was
180-270 um. The particle size was uniform, and the particles were ecru and shiny. After 30
days of storage at room temperature, the amount of viable probiotics in the microcapsules
decreased to 1.3x10 8cfu/g; after 60 days, the amount of viable probiotics in the
microcapsules decreased to 9.8x10 ’ cfu/g; after 120 days, the amount of viable probiotics in
the microcapsules decreased to 5.8x10 7 cfu/g, and the number of the probiotic residue on the
outer surface of the microcapsules was 1.2x10 3 cfu/g. The amount of viable probiotics
contained in the microcapsules decreased to 1.0x10 & cfu/g after 2 hours of incubation in the
simulated gastric juice.

[00779] The preparation process and microcapsule particle test results of the above examples

were summarized in the following table:

Microcapsule Examples L1-8 and Comparative Example L1-3

Com | Com | Com

Param parat | parat | parat
EX. EX. EX. EX. EX. EX. EX. EX.
Process parameters eter ive ive ive
L1 L2 L3 L4 L5 L6 L7 L8
range Ex. Ex. Ex.

L1 L2 L3

Weight ratio of 20-30 | 25 25 25 22 25 25 25 25 40 25 25
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probiotics to
microcrystalline

cellulose/%

Part by weight of water

consumption for pellet | 90-110 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
cores
prola | prola | prola | prola | prola prola | prola | prola | prola
Composition of the min | min | min | min | min min | min | min | min
MC | MC
first layer of water / + + + + + + + + +
T T
blocking layer oleic | oleic | oleic | oleic | glyc oleic | oleic | oleic | oleic
acid | acid | acid | acid | erin acid | acid | acid | acid
prola | prola | prola | prola | prola | prola | prola | prola | prola | prola | prola
Composition of the min | min [ min [ min [ min | min | min [ min | min | min | min
second layer of water / + + + + + + + + + + +
blocking layer glyc | glyc | glyc | glyc | oleic | oleic | oleic | glyc | glyc | glyc | glyc
erin | erin | erin |erin | acid | acid | acid | erin | erin | erin | erin
prola | prola
Composition of the min | min
third layer of water / / / / / / + + / / / /
blocking layer glyc | glyc
erin | erin
Part by weight of
solution of 1500-1
1600 | 1500 | 1800 | 1600 | 1600 | 1600 | 1600 | 1600 | 1600 | 320 | 1600
water-blocking coating | 800
layer of oleic acid
Part by weight of
solution of 300-34
320 [ 320 | 320 (320 |310 |320 |320 |[320 |320 |800 | 320
water-blocking coating | 0
layer of glycerin
Weight ratio of oleic 0.35-0. | 0.39 [ 0.39 | 035 (039 |039 [039 |035 |[039 |039 [039 |0.39
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acid to prolamin/% 4
Weight ratio of 0.2-0.2
024 | 024 | 024 [ 024 | 024 | 024 | 024 | 024 | 024 | 024 |0.24
glycerin to prolamin/% | 5
Feeding speed of
28-32 | 30 30 30 30 30 30 30 30 30 30 30
granulator/RPM,
Extrusion speed of
45-50 50 50 50 50 47 50 50 50 50 50 50
granulator/RPM
Spheronization speed 350-45
400 | 400 | 420 | 420 | 400 | 400 | 380 | 400 | 400 | 400 | 400
of granulator/RPM 0
Inlet air temperature of
55-60 55 55 55 55 55 55 55 59 55 55 70
fluidized bed/°C
Air flow of fluidized
30-34 | 32 32 32 32 32 32 32 32 32 32 32
bed (m?h)
Atomization
2-3 25 25 25 25 25 25 25 25 25 25 25
pressure/bar
Test results of microcapsule examples L1-8
Example | Example Example Example Example Example | Example Example
Tested items
L1 L2 L3 L4 L5 L6 L7 L8
Round Round Round Round Round Round Round Round
Microcapsule particles particles particles particles particles particles particles particles
morphology Shiny Shiny Shiny Shiny Shiny Shiny Shiny Shiny
spherical | spherical spherical spherical spherical spherical | spherical spherical
Color of
Ecru Ecru Ecru Ecru Khaki Ecru Ecru Ecru
microcapsule
Number of viable
probiotics in the
1.3x10%° | 1.35x10% | 1.2x10% 1.3x10%0 1.3x10%0 1.23x10%0 | 1.22x10%° [ 1.27x10%
microcapsules
(after 0 day)/cfu
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Number of viable
probiotics outside
microcapsules

(after 0 day)/cfu

7.8x10°

8.2x10°

7.5x10°

7.8x10°

7.8x10°

7.0x10°

7.3x10°

7.8x10°

Number of viable
probiotics in the
microcapsules

(after 30 days)/cfu

1.2x1010

1.28x10%

1.1x10%0

1.2x10%0

1.2x1010

1.09x10%

1.18x10%0

1.2x1010

Number of viable
probiotics in the
microcapsules

(after 60 days)/cfu

1.15x10%0

1.14x10%0

9.8x10°

1.15x10%0

1.15x10%0

1.02x10%

1.15x10%0

1.15x10%0

Number of viable
probiotics in the
microcapsules

(after 120 days)/cfu

1.05x10%0

1.00x10%

9.1x10°

1.05x10%0

1.05x10%0

9.8x10%°

1.05x10%0

1.05x10%0

Number of
probiotic residue on
the outer surface of

microcapsules/cfu

4.5%x103

7x103

4.0x108

4.5%x103

4.5%x103

3.9x10°

4.0x108

4.5%x103

Acid resistance
(Number of viable
probiotics in
microcapsules after
2h incubation in
simulated gastric

juice/cfu)

1.1x10%0

1.05x10%0

1.15x10%0

1.1x10%0

1.1x10%0

1.1x10%0

1.1x10%0

9.7x10°

Test results of microcapsule Comparative Examples L1-3
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Tested items Example L1 Example L2 Example L3

Primary pellet core is not Particles are bonded together to | Round particles
Microcapsule morphology
shaped form lumps Shiny

Number of viable probiotics in
the microcapsules (after 0 / 6.8x108 2.3x108

day)/cfu

Number of viable probiotics
outside microcapsules (after 0 | / 4.2x10° 2.8x10?

day)/cfu

Number of viable probiotics in
the microcapsules (after 30 / 4.8x108 1.3x108

days)/cfu

Number of viable probiotics in
the microcapsules (after 60 / 8.0x107 9.8x107

days)/cfu

Number of viable probiotics in
the microcapsules (after 120 / 2.2x107 5.8x107

days)/cfu

Number of probiotic residue
on the outer surface of / 9.4x10° 1.2x10%

microcapsules/cfu

Acid resistance (Number of
viable probiotics in
microcapsules after 2h / 3.0x108 1.0x108

incubation in simulated gastric

juice/cfu)

M. Preparation of microcapsules (whey protein peptide microcapsules)
[00780] Examples M1-6, Comparative Examples M1-2

[00781] The basic process of preparation of whey protein peptide microcapsules was similar
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to that of probiotic microcapsules. The specific parameter differences were shown in the

following table:

Examples M1-4 and Comparative Example M1-2 of whey protein peptide microcapsules
Comparati | Comparati
Parameter | Example Example Example Example ve ve
Process parameters
range M1 M2 M3 M4 Example Example
M1 M2
Weight ratio of
whey protein
peptide to 20-40 30 30 30 30 30 40
microcrystalline
cellulose/%
Part by weight of
water consumption | 90-110 100 100 100 100 100 100
for pellet cores
Composition of the
prolamin + | prolamin + | prolamin + prolamin +
first layer of water | / MCT MCT
oleic acid oleic acid oleic acid oleic acid
blocking layer
Composition of the
second layer of prolamin + | prolamin + | prolamin + | prolamin + | prolamin + | prolamin +
/
water blocking glycerin glycerin glycerin oleic acid glycerin oleic acid
layer
Composition of the
prolamin + prolamin +
third layer of water | / / / / /
glycerin glycerin
blocking layer
Part by weight of
solution of
1500-1800 | 1600 1500 1600 1600 320 1600
water-blocking
coating layer of
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oleic acid

Part by weight of
solution of
water-blocking
coating layer of

glycerin

300-340

320

320

320

320

320

320

Weight ratio of
oleic acid to

prolamin/%

0.35-0.4

0.39

0.39

0.35

0.39

0.39

0.39

Weight ratio of
glycerin to

prolamin/%

0.2-0.25

0.24

0.24

0.24

0.24

0.24

0.24

Feeding speed of

granulator/RPM,

28-32

30

30

30

30

30

30

Extrusion speed of

granulator/RPM

45-50

50

50

50

50

50

50

Spheronization
speed of

granulator/RPM

350-450

400

400

420

420

400

400

Inlet air
temperature of

fluidized bed/°C

55-70

60

65

60

60

60

85

Air flow of
fluidized bed

(m3/h)

30-34

32

32

32

32

32

50

Atomization

pressure/bar

2-3

2.5

2.5

2.5

2.5

2.5

2.5

Test results of microcapsule Examples M1-4, Comparative Examples M1-2
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Comparative Comparative
Tested items Example M1 Example M2 Example M3 Example M4
Example M1 Example M2
Round Round Round Round Round
Microcapsule | particles particles particles particles particles No shaped
morphology Shiny Shiny Shiny Shiny Shiny particles
spherical spherical spherical spherical spherical
Color of
Ecru Ecru Ecru Ecru Ecru /
microcapsule
No obvious No obvious No obvious No obvious No obvious

Taste of

microcapsules

bitter and sour

taste

bitter and sour

taste

bitter and sour

taste

bitter and sour

taste

Obvious bitter

and sour taste

bitter and sour

taste

Content of
peptides in
microcapsules

(mg/g)

65

65

60

60

68
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CLAIMS

What is claimed is:

1. A microcapsule having one or more layers of embedding structure, comprising: a
pellet core and optionally at least one layer of shell coating the pellet core;

wherein the pellet core includes an embedded substance and a microcapsule core material,
and

the at least one layer of shell coating the pellet core includes one, two or more layers of wall

material.

2. The microcapsule according to claim 1, wherein the outer diameter of the pellet core
of the microcapsule is about 50-500 um (preferably about 50 to about 300 um), and the outer
diameter of the single-layered or multi-layered coated microcapsule is about 200 to about

1000 pm (preferably about 100 to about 500 um).

3. The microcapsule according to claim 1 or 2, wherein the embedded substance
includes a functional active substance selected from one or more of functional
polysaccharides, functional lipids, functional proteins/peptides/amino acids, micro-ecological
regulators, vitamins and minerals;

preferably, the weight ratio of the embedded substance to the microcapsule core material is

1:6-1:2.5 (more preferably 1:5-1:4).

4. The microcapsule according to claim 3, wherein the functional polysaccharide is
selected from one or more of chitosan, tea polysaccharide, dietary fiber, and dextran;
preferably, the functional lipid is selected from one or more of lecithin, EPA and DHA,
preferably, the functional protein/peptide/amino acid is selected from one or more of taurine,
lactoferrin, immunoglobulin, and whey protein peptide; preferably, the micro-ecological

regulator is selected from one or more of probiotics, prebiotics, and synbiotics.

5. The microcapsule according to any one of claims 1 to 4, wherein the wall material is
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selected from one or a combination of more of:

vegetable protein, such as soy protein, rice protein, wheat protein, corn protein, etc.;
preferably corn protein, or

animal protein, such as whey protein, casein, etc.; preferably whey protein concentrate
(WPC), whey protein isolate (WPI) or whey protein peptide, especially preferably whey
protein isolate (WPI); or

greases, such as greases with a melting point of 40°C or higher, preferably with a melting
point of 40-50°C, particularly preferably palm oil, medium chain glycerides, hydrogenated
greases (e.g., hydrogenated palm oil, hardened oil, hydrogenated soybean oil), lecithin, cocoa
butter substitutes, palm oil monoglycerides, coconut oil, soybean oil, peanut oil, sunflower oil,
or

other materials, such as glycerin, oleic acid, sodium alginate, shellac, CMC-Na, gellan,
xanthan gum, Kk-carrageenan, cellulose acetate phthalate, maltodextrin, starch, dextrin,
sucrose, lactose, dextran, corn syrup, pectin, gum arabic, chitosan, acetylated mono- or
di-glyceride fatty acid esters, konjac gum, carrageenan, wax or gelatin, etc.;

preferably, the wall material is selected from whey protein or grease, particularly preferably

WPI or MCT.

6. The microcapsule according to any one of claims 1 to 5, wherein the microcapsule
core material comprises one or a combination of more of:

vegetable protein, such as soy protein, rice protein, wheat protein, corn protein, etc.;
preferably corn protein, or

animal protein, such as whey protein, casein, etc.; preferably whey protein concentrate
(WPC), whey protein isolate (WPI) or whey protein peptide, especially preferably whey
protein isolate (WPI); or

greases, such as greases with a melting point of 40°C or higher, preferably with a melting
point of 40-50°C, particularly preferably palm oil, medium chain glycerides, hydrogenated
greases (e.g., hydrogenated palm oil, hardened oil, hydrogenated soybean oil), lecithin, cocoa
butter substitutes, palm oil monoglycerides, coconut oil, soybean oil, peanut oil, sunflower oil,

or
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other materials, such as microcrystalline cellulose (MCC), glycerin, oleic acid, sodium
alginate, shellac, CMC-Na, gellan, xanthan gum, k-carrageenan, cellulose acetate phthalate,
maltodextrin, starch, dextrin, sucrose, lactose, dextran, corn syrup, pectin, gum arabic,
chitosan, acetylated mono- or di-glyceride fatty acid esters, konjac gum, carrageenan, wax or
gelatin, etc.;

more preferably, the microcapsule core material includes microcrystalline cellulose (MCC).

7. The microcapsule according to any one of claims 1 to 6, wherein the embedded
substance includes probiotics;

preferably, the probiotics are selected from one or more of Bifidobacterium adolescentis,
Bifidobacterium animalis (Bifidobacterium lactis), Bifidobacterium bifidum, Bifidobacterium
breve, Bifidobacterium infantis, Bifidobacterium longum, Lactobacillus acidophilus,
Lactobacillus casei, Lactobacillus crispatus, Lactobacillus delbrueckii subsp. Bulgaricus,
Lactobacillus delbrueckii subsp. lactis, Lactobacillus fermentum, Lactobacillus gasseri,
Lactobacillus helveticus, Lactobacillus johnsonii, Lactobacillus paracasei, Lactobacillus
plantarum, Lactobacillus reuteri, Lactobacillus rhamnosus, Lactobacillus salivarius,

Streptococcus thermophilus, and Bacillus coagulans.

8. A method for preparing microcapsules having one or more layers of embedding
structure, comprising the following steps:

(1) preparation of a primary pellet core: uniformly mixing an embedded substance and a
microcapsule core material, optionally curing, and filtering to collect wet particles, and then
drying to obtain a primary pellet core; and optionally

(2) preparation of multi-layered microcapsules: uniformly coating a layer of wall material
outside the pellet core particles described above, optionally spraying a curing solution to cure
a capsule wall, drying the prepared microcapsules, collecting dry particles of microcapsules

or further coating them once or more times.

9. The preparation method according to claim 8, wherein in the step (1), the pellet core

is prepared by extrusion spheronization granulation method, centrifugal granulation method,

106



acute angle extrusion granulation method, or fluidized bed spray granulation method
(preferably the extrusion spheronization granulation method or the centrifugal granulation
method), and the obtained pellet core is dried and collected:;

preferably, in the step (2), the wall material is coated by means of fluidized bed spray.

10. Use of the microcapsule according to any one of the preceding claims in food and
health product industries (e.g., as a dietary supplement), for example, in heat-processed food
or frozen food; preferably, in fermented flavored food, beverages, chocolates, candies such as
chewing gum, baked food such as puddings, fruit and vegetable juice foods; more preferably,
as dairy additives added to milk, yogurt, cheese, ice cream, milk powder, or dairy beverages

(most preferably yogurt).

11. A probiotic microcapsule having one or more layers of embedding structure,
comprising: probiotic core particles and optionally at least one layer of shell coating the
probiotic core particles,

wherein the probiotic core particles include a core material and a first layer of wall material,
wherein the core material includes one or more kinds of probiotic powder or probiotic mud,
and the core material is coated with the first layer of wall material, and

the at least one layer of shell coating the probiotic core particles includes one, two or more
layers of wall materials, which are respectively a second layer of wall material, a third layer

of wall material, or more layers of wall material.

12. The probiotic microcapsule according to claim 11, wherein based on 1000 parts by
weight of dry microcapsule particles, the weight ratio of the composition of the microcapsule
described above is: 50 to 500 parts by weight of probiotic mud or probiotic powder; about
0-950 parts by weight, preferably about 150-950 parts by weight or 0-350 parts by weight of
the first layer of wall material; about 0-950 parts by weight, preferably about 150-950 parts
by weight or 0-350 parts by weight of the second layer of wall material; about 0 to 350 parts
by weight of the third layer of wall material; and about 0 to 250 parts by weight of the fourth

layer of wall material.
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13. The probiotic microcapsule according to claim 11 or 12, wherein the outer diameter of
the probiotic core particles obtained after the first layer of coating is about 50-500 pum
(preferably about 50 to about 300 um), and the outer diameter of the double-layered or

multi-layered microcapsule is about 200 to about 1000 um (preferably about 100 to about 500

um).

14. The probiotic microcapsule according to any one of claims 11-13, wherein the wall
material is selected from one or a combination of more of:

vegetable protein, such as soy protein, rice protein, wheat protein, corn protein, etc.;
preferably corn protein, or

animal protein, such as whey protein, casein, etc.; preferably whey protein concentrate
(WPC), whey protein isolate (WPI) or whey protein peptide, especially preferably whey
protein isolate (WPI); or

greases, such as greases with a melting point of 40°C or higher, preferably with a melting
point of 40-50°C, particularly preferably palm oil, medium chain glycerides, hydrogenated
greases (e.g., hydrogenated palm oil, hardened oil, hydrogenated soybean oil), lecithin, cocoa
butter substitutes, palm oil monoglycerides, coconut oil, soybean oil, peanut oil, sunflower oil,
or

other materials, such as glycerin, oleic acid, sodium alginate, shellac, CMC-Na, gellan,
xanthan gum, Kk-carrageenan, cellulose acetate phthalate, maltodextrin, starch, dextrin,
sucrose, lactose, dextran, corn syrup, pectin, gum arabic, chitosan, acetylated mono- or

di-glyceride fatty acid esters, konjac gum, carrageenan, wax or gelatin, etc.

15. The probiotic microcapsule according to any one of claims 11 to 14, wherein the wall
material is selected from whey protein or grease, wherein WPI or MCT is particularly

preferred.

16. The probiotic microcapsule according to any one of claims 11-15, wherein the

probiotic is selected from one or more of Bifidobacterium adolescentis, Bifidobacterium
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animalis  (Bifidobacterium lactis), Bifidobacterium bifidum, Bifidobacterium breve,
Bifidobacterium infantis, Bifidobacterium longum, Lactobacillus acidophilus, Lactobacillus
casei, Lactobacillus crispatus, Lactobacillus delbrueckii subsp. Bulgaricus, Lactobacillus
delbrueckii subsp. lactis, Lactobacillus fermentum, Lactobacillus gasseri, Lactobacillus
helveticus, Lactobacillus johnsonii, Lactobacillus paracasei, Lactobacillus plantarum,
Lactobacillus reuteri, Lactobacillus rhamnosus, Lactobacillus salivarius, Streptococcus

thermophilus, and Bacillus coagulans.

17. A preparation method of probiotic microcapsules having one or more layers of
embedding structure, comprising the following steps:

(1) preparation of single-layered microcapsules: uniformly mixing probiotic powder or
probiotic mud with the first wall material and other materials, optionally curing, then filtering
to collect wet particles, and then drying to obtain dry particles of single-layered microcapsule;
and optionally

(2) preparation of multi-layered microcapsules: using the above-mentioned dry particles of
single-layered microcapsule as probiotic core particles, uniformly coating a layer of wall
material outside the probiotic core particles, optionally spraying a curing solution to cure the
capsule wall, drying the prepared microcapsules, and collecting dry particles of
double-layered microcapsules or further coating the dry particles of double-layered

microcapsules once or more times.

18. A preparation method of probiotic microcapsules having one or more layers of
embedding structure, comprising the following steps:

(1) coating of the first layer of microcapsules:

a. Optionally, adding a binder to probiotic mud or probiotic powder for granulation;

b. Optionally, pre-treating the first wall material:

the first wall material is mixed with water, fully dissolved, and then alternately heated and
cooled to form a stable gel:

(i) preferably, the first wall material is mixed with water, and stirred at a low temperature of

about 2 to 8°C for about 4 to 16 hours;
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(it) more preferably, the first wall material is further heated at about 75 to about 96°C for
about 30 to about 180 minutes;

(iii) more preferably, the first wall material is cooled immediately at a cooling temperature of
about -20 to about 4°C, and stored at about 4°C for about 12 to about 60 hours to obtain a gel
solution of the first wall material,

preferably, wherein the above-mentioned first wall material is WPI, preferably with about
150 to about 950 parts by weight, or more preferably with about 300 to 750 parts by weight;
c. uniformly wrapping droplets of the first wall material on probiotic powder, probiotic mud,
or the particles obtained in step a described above;

d. curing: uniformly wrapping droplets of a curing solution on the particles obtained in step ¢
described above;

e. drying;

(2) coating of optional second layer of microcapsule:

f. the dry particles of single-layered microcapsule obtained in step (1) are used as probiotic
core particles and mixed with the second layer of wall material to prepare double-layered
microcapsules, wherein the second wall material is preferably grease (preferably grease with
a melting point of 40-50°C, especially palm oil or MCT) or whey protein, preferably with
about 0-350 parts by weight;

g. drying the microcapsules prepared in step f and collecting dry particles of double-layered
microcapsule;

(3) Optional third or more coating:

J. The double-layered microcapsules obtained in step (2) are further coated for the third or
more times according to the aforementioned method,;

wherein the third wall material is preferably grease (preferably grease with a melting point of
40-50°C, especially palm oil or MCT) or whey protein, preferably with about 0-350 parts by

weight.

19. A probiotic microcapsule having one or more layers of embedding structure, which is
prepared according to the preparation method of probiotic microcapsules of any one of claims

17-18.
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20. Use of the probiotic microcapsule according to any one of the preceding claims in
food and health product industries (e.g., dietary supplements), for example, in heat-processed
foods or frozen foods, preferably in fermented flavored foods, beverages, chocolate, candy
such as chewing gum, baked food such as pudding, fruit and vegetable juice food; more
preferably, as dairy additives, for example, added to milk, yogurt, cheese, ice cream, milk

powder, dairy beverages.

21. A preparation method of probiotic microcapsules having one or more layers of
embedding structure, comprising the following steps:

(1) Coating of the first layer of microcapsules: uniformly mixing the first wall material with
probiotic powder or probiotic mud, then granulating (preferably extrusion granulation method
or fluidized bed spray granulation method), optionally curing by adding into a curing agent
solution dropwise, filtering and collecting the microcapsule particles, and optionally drying
the resulting microcapsules to obtain dry particles of single-layered microcapsule; and
optionally

(2) Coating of the second layer of microcapsules: uniformly mixing the microcapsules
obtained in step (1) with the second wall material, preparing microcapsules by a fluidized bed
spray method, drying the prepared microcapsules and collecting dry particles of
double-layered microcapsules;

(3) Optionally, further coating the microcapsules obtained in step (2) in a fluidized bed for a

third or more times.

22. The preparation method of probiotic microcapsules according to claim 21, wherein
based on 1000 parts by weight of dry microcapsule particles, the probiotic mud or probiotic
powder is about 50 to 500 parts by weight, preferably about 250-400 parts by weight; the first
layer of wall material is about 150 to about 950 parts by weight, preferably about 450-750
parts by weight; the second layer of wall material is about 0 to about 350 parts by weight,
preferably about 200-300 parts by weight; the third layer of wall material is about 0 to about

350 parts by weight; and the fourth layer of wall material is about 0 to about 260 parts by
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weight.

23.  The preparation method of probiotic microcapsules according to any one of claims
21-22, wherein the first wall material is whey protein,

preferably, wherein the whey protein is subjected to a pre-denaturation treatment: the whey
protein is mixed with water, fully dissolved, and then alternately cooled and heated to form a
stable gel;

preferably, wherein the whey protein is uniformly mixed with water and stirred at a low
temperature of about 2 to 8°C for about 4 to 16 hours; more preferably, the whey protein
solution is further heated at about 75 to about 96°C for about 30 to about 180 minutes;
preferably, the whey protein solution is cooled immediately at a cooling temperature of about
-20 to about 4 °C, and then stored at about 4 °C for about 10-60 hours or more to obtain a

whey protein gel solution.

24.  The preparation method of probiotic microcapsules according to any one of claims 21
to 23, wherein in the step of (2) coating of the second layer of microcapsules, a fluidized bed
method is used for the second coating, preferably wherein aqueous solution, emulsion or gel
solution of the second wall material heated to about 25 to 75°C is used, preferably wherein

the inlet air temperature of the fluidized bed is 30 to 80°C.

25.  The preparation method of probiotic microcapsules according to any one of claims 21
to 24, wherein in the step of (2) coating of the second layer of microcapsules, the second wall

material is protein, preferably WPI.

26. A food or health product containing probiotic microcapsule, wherein based on the
total weight of the probiotic microcapsule-containing food or health product, the weight
percentage of probiotic microcapsules is about 0.02 to 1%, preferably about 0.04 to 0.5%,
more preferably, about 0.06-0.15%;

preferably, wherein the food or health product containing probiotic microcapsule further

contains honey, syrup, fruit juice, preferably honey, preferably, wherein based on the total
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weight of a mixture of microcapsule and honey, the weight percentage of the honey is about
80%-99.9%;

especially preferably, the ratio of the microcapsule to the honey is 1:1000 to 1:10, preferably
1:500 to 1:50, more preferably 1:100.

27. The food or health product containing probiotic microcapsule according to claim 26,
wherein the probiotic microcapsules have one or more layers of embedding structure,
including: probiotic core particles and optionally at least one layer of shell coating the
probiotic core particles;

wherein the probiotic core particles include a core material and a first layer of wall material,
wherein the core material includes one or more kinds of probiotic powder or probiotic mud,
and the core material is coated by the first layer of wall material, and

the at least one layer of shell coating the probiotic core particles includes one, two or more
layers of wall materials, which are respectively a second layer of wall material, a third layer
of wall material, or more layers of wall material;

preferably, based on 1000 parts by weight of dry microcapsule particles, the weight ratio of
the composition of the above-mentioned microcapsules is: 50 to 500 parts by weight of
probiotic mud or probiotic powder; about 0 to 950 parts by weight, preferably about 150 to
950 parts by weight or 0 to 350 parts by weight of the first layer of wall material; about 0 to
950 parts by weight, preferably about 150 to 950 parts by weight or 0 to 350 parts by weight
of the second layer of wall material; about 0 to 350 parts by weight of the third layer of wall

material; and about 0 to 250 parts by weight of the fourth layer of wall material.

28.  The food or health product containing probiotic microcapsule according to claim 26
or 27, wherein the food or health product is selected from one or more of milk and dairy
products, fermented flavored foods, beverages, chocolates, candies, baked foods or fruit and
vegetable juice foods,

preferably, wherein the food or health product containing probiotic microcapsule is yogurt,
preferably, wherein the yogurt comprises: based on the total weight of the probiotic

microcapsule-containing yogurt, about 89-94% of raw milk/reconstituted milk, about
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5.5-10.9% of white granulated sugar, about 0.1-0.5% of stabilizer, about 30-100 U/ton of
leavening agent, and about 0.02-0.5%, preferably about 0.06-0.15% of probiotic
microcapsules;

preferably, wherein the food or health product containing probiotic microcapsule is native
cheese or processed cheese, preferably, wherein the native cheese also includes raw milk,
edible salt, leavening agent or chymosin; more preferably, wherein the cheese contains about
0.8-1.8% of edible salt, about 0.001-0.005% of leavening agent, about 0.001-0.005% of
chymosin, and about 0.02-0.5% of probiotic microcapsules (preferably about 0.06-0.15%),
and the rest is raw milk;

preferably, wherein the food or health product containing probiotic microcapsule is a milk
beverage, preferably, the milk beverage contains about 0.02-1% of probiotic microcapsules
(preferably about 0.04-0.5%),

also preferably, wherein the food or health product containing probiotic microcapsule further
contains honey, and more preferably, the ratio of the microcapsule to the honey is 1:1000 to
1:10, preferably 1:500 to 1:50, more preferably, 1:100;

preferably, wherein the food or health product containing probiotic microcapsule is a solid
dairy product, preferably, wherein the solid dairy product contains about 0.02 to 1% of
probiotic microcapsules;

preferably, wherein the food or health product containing probiotic microcapsule is a solid
beverage, preferably, wherein the solid beverage contains about 0.02 to 1% of probiotic
microcapsules;

preferably, wherein the food or health product containing probiotic microcapsule is ice cream,
preferably, wherein the ice cream contains about 0.02 to 1% of probiotic microcapsules

(preferably about 0.04 to 0.5%).

29. A method for preparing the food or health product containing probiotic microcapsule
according to claims 26-28, comprising the following steps:

adding the probiotic microcapsules to food or health product, preferably, at an amount of
about 0.02 to 1%, preferably about 0.04 to 0.5%, more preferably about 0.06 to 0.15%;

preferably, before final pasteurization, the probiotic microcapsules are added to the prepared
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product,
or
preferably, after final pasteurization, the probiotic microcapsules are sterilized and then added

to the prepared product.

30. The method for preparing the food or health product containing probiotic
microcapsule according to claim 29, wherein the step of sterilization treatment comprises:

(1) mixing the microcapsule particles with honey, preferably, wherein the ratio of the
microcapsule to the honey is about 1:1000 to 1:10, more preferably about 1:500 to 1:10,
about 1:100 to 1:10 or about 1:50 to 1:10;

(2) sterilizing the above-mentioned mixed microcapsule particles with ultraviolet, preferably,
at an ultraviolet intensity of about 1,000 to 20,000 J/L, more preferably about 5,000 to 20,000
J/L, about 10,000 to 20,000 J/L, or about 15,000 to 20,000 J/L.

31. The method for preparing the food or health product containing probiotic
microcapsule according to any one of claims 29 to 30, wherein the food or health product is
yogurt, and the method is as follows:

a. mixing raw materials other than zymogenic strains and microcapsules to prepare a solution
of mixed raw materials for fermented milk, preferably at about 40-80°C, and then cooled,
preferably to below about 20°C;

b. stirring, homogenizing (preferably at a homogenizing pressure of about 150-200 bar), then
carrying out high-temperature and long-term sterilization (preferably at a sterilization
temperature of 95°C and a sterilization time of 300 seconds), and then cooling to about
41-43°C after sterilization;

c. inoculation and fermentation at 41-43°C;

d. demulsifying, turning over a tank, and then cooling to below about 25°C,;

e. pasteurizing at a temperature of about 74°C and for a period of about 30 seconds;

f. cooling to 15-30°C and entering an aseptic tank;

g. aseptic filling;

wherein before step f and after step e, sterilized probiotic microcapsules are added; or
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after step d and before step e, probiotic microcapsules are added.

32. A soft particle of a probiotic microcapsule, wherein the probiotic microcapsule

according to any one of the proceeding claims is embedded in the soft particle.

33. A method for preparing microcapsule particles, comprising the following steps:

1) Primary core making:

1.1) uniformly mixing the embedded substance with the microcapsule core material, and then
adding to a container for premixing;

1.2) preparing pellet cores by extrusion spheronization granulation method or centrifugal
granulation method, and drying and collecting the obtained pellet cores;

2) secondary fluidization:

2.1) preparing water-blocking coating layer solution and hydrophilic coating layer solution;
2.2) using fluidized bed spray granulation method to make the water-blocking coating
solution wrap the pellet core prepared by primary core making, and drying in a fluidized bed
to form water-blocked coated particles;

2.3) spraying the hydrophilic coating layer solution outside the water-blocked coated particles,

and drying and collecting the prepared microcapsule particles.

34.  The preparation method according to claim 33, wherein in step 1), the embedded
substance is a functional active substance selected from one or more of functional
polysaccharides, functional lipids, functional proteins/peptides/amino acids, micro-ecological
regulators, vitamins and minerals;

preferably, wherein the weight ratio of the embedded substance to the microcapsule core
material is 1:6-1:2.5 (more preferably 1:5-1:4);

preferably, in step 1), a certain amount of water and dry powder are added; more preferably,
the weight ratio of the added water to the dry powder is 1:1.5-1.5:1 (more preferably
1:1.2-1.2:1).

35.  The preparation method according to claim 34, wherein the functional polysaccharide
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is selected from one or more of chitosan, tea polysaccharide, dietary fiber, and dextran;
preferably, the functional lipid is selected from one or more of lecithin, EPA and DHA,
preferably, the functional protein/peptide/amino acid is selected from one or more of taurine,
lactoferrin, immunoglobulin, and whey protein peptide; preferably, the micro-ecological

regulator is selected from one or more of probiotics, prebiotics, and synbiotics.

36. The preparation method according to any one of claims 33-35, wherein in step 2), the
water-blocking coating layer solution comprises two or more water-blocking coating layer
solutions (preferably, the two or more water-blocking coating layer solutions sequentially
wrap the pellet core prepared by the primary core making); preferably, the main component
of the water-blocking coating layer solution includes prolamin; preferably, the main
components of the water-blocking coating layer solution are prolamin and oleic acid, or
prolamin and glycerin (preferably, the weight ratio of prolamin and oleic acid is 3:1 to 1:1,
more preferably 2.5:1 to 1.2:1; preferably, the weight ratio of prolamin to glycerin is 4.5:1 to
5:1, more preferably 4.5:1 to 4.8:1).

37. The preparation method according to any one of claims 33-35, between steps 2.2) and
2.3), further comprising the step of infiltrating the water-blocked coated particles in medium
chain triglycerides (MCT) to form a selectable water-blocking coating layer; preferably,

wherein the infiltration time is 12-24 hours (preferably 16 hours).

38.  The preparation method according to any one of claims 33-35, wherein step 2.2)
comprises: using a fluidized bed spray granulation method to raise the temperature of the
water-blocking coating layer solution, wherein the inlet air temperature of the fluidized bed is
50-80°C, and the air flow is 20-100m°/h; preferably, wherein the water-blocking coating
solution is atomized by a spray gun and then sprayed into the fluidized bed, so that droplets
uniformly wrap the pellet core particles obtained by the primary core making, and the
resulting particles are dried in a fluidized bed to form a single-layered water-blocked
particles;

preferably, wherein the inlet air temperature of the fluidized bed is 50-70°C (more preferably
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55-60°C), and the air flow is 50-90m*/h (more preferably 60-80m3/h);

more preferably, wherein after each 400 mL of the coating solution is fluidized, particles are
passed through a 50-80 mesh screen, and particles larger than 80 mesh and smaller than 50
mesh are discarded;

preferably, step 2.2) further includes: after the single-layered water-blocked particles are
formed, a fluidized bed spray granulation method is used to uniformly spray other
water-blocking coating layer solution to form double-layered or multi-layered water-blocked

coated particles.

39. The preparation method according to any one of claims 33-35, wherein step 2.3)
further comprises: drying the prepared microcapsule particles in a fluidized bed, and after

multiple fluidizations, collecting microcapsule particles.

40. The preparation method according to any one of claims 33-35, wherein when the
granulation method in step 1.2) is extrusion spheronization granulation method, the
embedded substance is mixed uniformly with the microcapsule core material, and the mixture
is added to a wet granulation pot for premixing (preferably at a premixing time of 8-15min
(more preferably 10 min));

preferably, wherein after spheronization granulation, the obtained particles are dried in a
fluidized bed or oven (preferably at a drying temperature of 45-65°C (more preferably
45-50°C));

preferably, wherein the feeding speed is 25-35 RPM (more preferably 28-32 RPM);
preferably, wherein the extrusion speed is 40-50 RPM (more preferably 45-50 RPM);
preferably, wherein the spheronization speed is 350-420 RPM (more preferably 380-420
RPM).

41. The preparation method according to any one of claims 33-35, wherein when the
granulation method in step 1.2) is centrifugal granulation method, the embedded substance is
mixed uniformly with the microcapsule core material; preferably, wherein a turntable of a

centrifugal granulator is used, and the embedded substance and the microcapsule core
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material are put into the turntable for premixing;

preferably, wherein after spheronization granulation, the obtained particles are dried in a
fluidized bed (at a drying temperature of 40-60°C (more preferably 45-50°C));

preferably, wherein the rotating speed of the centrifuge turntable is 600-800 RPM (more
preferably 700-750 RPM); preferably, wherein the ratio of the binder to the dry matter is
25-38 RPM (more preferably 30-35 RPM).

42. The microcapsule particles prepared by the preparation method according to any one

of claims 33-41.

43. A microcapsule particle comprising three parts: a pellet core, a water-blocking coating
layer and a hydrophilic coating layer; wherein the pellet core includes an embedded
substance and a microcapsule core material; the water-blocking coating layer is one or more
coating layers, which include prolamin; the hydrophilic coating layer is one or more coating

layers, which include hydrophilic polysaccharide.

44.  The microcapsule particle according to claim 43, wherein the embedded substance is
a functional active substance selected from one or more of functional polysaccharides,
functional lipids, functional proteins/peptides/amino acids, micro-ecological regulators,
vitamins and minerals (preferably one or more of functional protein peptides,
micro-ecological regulators and functional greases, more preferably functional protein

peptides, polyunsaturated fatty acids, and/or micro-ecological regulators).

45, The microcapsule particle according to claim 44, wherein the functional
polysaccharide is selected from one or more of chitosan, tea polysaccharide, dietary fiber, and
dextran; preferably, the functional lipid is selected from one or more of lecithin, EPA and
DHA, preferably, the functional protein/peptide/amino acid is selected from one or more of
taurine, lactoferrin, immunoglobulin, and whey protein peptide; preferably, the
micro-ecological regulator is selected from one or more of probiotics, prebiotics, and

synbiotics.
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46.  The microcapsule particle according to claim 43 or 44, wherein the microcapsule core
material comprises one or a combination of more of:

vegetable protein, such as soy protein, rice protein, wheat protein, corn protein, etc.;
preferably corn protein, or

animal protein, such as whey protein, casein, etc.; preferably whey protein concentrate
(WPC), whey protein isolate (WPI) or whey protein peptide, especially preferably whey
protein isolate (WPI); or

greases, such as greases with a melting point of 40°C or higher, preferably with a melting
point of 40-50°C, particularly preferably palm oil, medium chain glycerides, hydrogenated
greases (e.g., hydrogenated palm oil, hardened oil, hydrogenated soybean oil), lecithin, cocoa
butter substitutes, palm oil monoglycerides, coconut oil, soybean oil, peanut oil, sunflower oil,
or

other materials, such as microcrystalline cellulose (MCC), glycerin, oleic acid, sodium
alginate, shellac, CMC-Na, gellan, xanthan gum, k-carrageenan, cellulose acetate phthalate,
Maltodextrin, starch, dextrin, sucrose, lactose, dextran, corn syrup, pectin, gum arabic,
chitosan, acetylated mono- or di-glyceride fatty acid esters, konjac gum, carrageenan, wax or
gelatin, etc.;

(preferably, the main component of the microcapsule core material is microcrystalline

cellulose (MCCQC)).

47. The microcapsule particle according to claim 43 or 44, wherein the water-blocking
coating layer further comprises the microcapsule core material comprises one or a
combination of more of:

vegetable protein, such as soy protein, rice protein, wheat protein, corn protein, etc.;
preferably corn protein, or

animal protein, such as whey protein, casein, etc.; preferably whey protein concentrate
(WPC), whey protein isolate (WPI) or whey protein peptide, especially preferably whey
protein isolate (WPI); or

greases, such as greases with a melting point of 40°C or higher, preferably with a melting
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point of 40-50°C, particularly preferably palm oil, medium chain glycerides, hydrogenated
greases (e.g., hydrogenated palm oil, hardened oil, hydrogenated soybean oil), lecithin, cocoa
butter substitutes, palm oil monoglycerides, coconut oil, soybean oil, peanut oil, sunflower oil,
or

other materials, such as one or more of glycerin, oleic acid, sodium alginate, shellac,
CMC-Na, gellan, xanthan gum, k-carrageenan, cellulose acetate phthalate, maltodextrin,
starch, dextrin, sucrose, lactose, dextran, corn syrup, pectin, gum arabic, chitosan, acetylated
mono- or di-glyceride fatty acid esters, konjac gum, carrageenan, wax or gelatin; preferably,
wherein the prolamin is selected from one or more of zein and/or glutinous rice prolamin;
preferably, wherein the water-blocking coating layer has one or more layers (more preferably

2-4 layers, most preferably 2-3 layers).

48. The microcapsule particle according to claim 43 or 44, wherein the main components
of the hydrophilic coating layer include pectin, soybean polysaccharide, and/or whey protein

isolate; preferably, wherein the hydrophilic coating layer has one layer.

49, The microcapsule particle according to claim 43, wherein the weight ratio of the

embedded substance to the microcapsule core material is 1:6-1:2.5 (more preferably 1:5-1:4).

50. Use of the microcapsule particle according to any one of claims 42-49 as food and
health products, such as heat-processed foods or frozen foods (preferably used in dairy
products (e.g., milk, yogurt, cheese, ice cream, milk powder, milk beverage), fermented
flavored foods, beverages, chocolates, candies such as chewing gum, baked foods such as

pudding, or fruit and vegetable juices).

121



