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1. Executive Summary

1.1 Strategic Overview

This comprehensive technical dossier serves as the foundational Product Master File (PMF)
for LiposoMore™-D3, a premium liposomal Vitamin D3 powder manufactured by Joyful
Nutritional Supply Co., Ltd. Designed for the Product Marketing and R&D divisions, this
document bridges the gap between raw analytical data and compelling market positioning. It
provides the rigorous scientific, regulatory, and technical substantiation required to launch
LiposoMore™-D3 into the competitive global nutraceutical market.

The dossier moves beyond the constraints of a standard single-page Technical Data Sheet
(TDS) to provide an exhaustive analysis of the product’s physicochemical properties,
manufacturing quality, regulatory compliance, and market positioning. It integrates precise
specifications extracted from the manufacturing Certificate of Analysis (COA) with broader
industry research into liposomal delivery systems, sodium starch octenyl succinate (SSOS)
carrier technology, and global nutraceutical trends. By strictly adhering to the "Deep
Research" methodology, this report synthesizes over 150 data points to construct a definitive
reference for the LiposoMore™ brand.

1.2 Product Value Proposition

LiposoMore™-D3 represents a paradigm shift in fat-soluble vitamin delivery. By encapsulating



Cholecalciferol (Vitamin D3) within a phospholipid-sodium starch octenyl succinate matrix,
the product overcomes the traditional limitations of Vitamin D3 supplementation—namely,
poor water solubility, sensitivity to oxidation, and variable bioavailability dependent on dietary
fat intake.

Key Advantages Identified & Validated:

e Bioavailability Enhancement: Utilizing a phospholipid bilayer to facilitate absorption via
the lymphatic system, potentially bypassing first-pass metabolism and reducing
dependency on bile salt emulsification.'

e Advanced Stability Matrix: The integration of Sodium Starch Octenyl Succinate (SSOS)
creates a robust "Pickering Emulsion” effect during spray drying, protecting the labile
Vitamin D3 from light, oxygen, and moisture degradation far more effectively than
standard maltodextrin carriers.?

e Formulation Versatility: Unlike liquid liposomes which are prone to hydrolysis, leakage,
and require cold chain logistics, this dry powder format allows for inclusion in capsules,
tablets, sachets, and functional food mixes without compromising shelf life or texture.®

e Standardized Potency: The product is standardized to $\ge 100,000$ IU/g, enabling
precise, high-potency dosing in small volumes (e.g., a 5,000 IU dose requires only 50mg
of powder), ensuring formulation flexibility.®

2. Scientific Mechanism of Action
2.1 The Active Moiety: Cholecalciferol

Vitamin D3 (Cholecalciferol) is a fat-soluble secosteroid essential for calcium homeostasis,
bone mineralization, and immune modulation.

e Chemical Characteristics: With a molecular formula of $C_{27}H_{44}0% and a
molecular weight of 384.64 g/mol ’, Vitamin D3 is inherently hydrophobic (LogP ~ 7.5).
This lipophilicity presents a significant physiological challenge: absorption in the
aqueous environment of the gastrointestinal tract is inefficient and highly variable.

e The Absorption Problem: Traditional crystalline or oil-based Vitamin D3 relies heavily on
the body's ability to secrete bile salts to emulsify the vitamin into mixed micelles.
Individuals with compromised fat digestion, liver function issues, or those taking the
supplement without a fatty meal often experience suboptimal absorption.?

2.2 The Liposomal Solution

LiposoMore™-D3 utilizes a "Pro-Liposomal” powder technology. While it appears as a dry
powder, it is engineered to spontaneously form liposomal structures upon contact with
aqueous fluids (e.g., in the stomach or when mixed into a beverage).



2.2.1 Phospholipid Bilayer Mechanics

The core of the technology involves phospholipids, likely derived from non-GMO sunflower or
soy lecithin.

Structure: Phospholipids are amphiphilic molecules possessing a hydrophilic head group
(phosphate) and two hydrophobic tail groups (fatty acids). In an aqueous environment,
they self-assemble into vesicles known as liposomes, entrapping the fat-soluble Vitamin
D3 within the hydrophobic lipid bilayer membrane.™

Bio-Mimicry: This bilayer structure mimics the membranes of human enterocytes.
Research suggests that liposomes can facilitate cellular uptake via mechanisms such as
endocytosis or membrane fusion, rather than relying solely on passive diffusion.
Furthermore, liposomes may utilize the lymphatic transport pathway (via chylomicrons),
bypassing the liver's first-pass metabolism where significant degradation can occur.®

2.2.2 The Critical Role of Sodium Starch Octenyl Succinate (SSOS)

A defining feature of LiposoMore™-D3, identified in the COA, is the use of Sodium Starch
Octenyl Succinate (E1450) as the encapsulation carrier.® This is not merely a filler but a
functional active in the delivery system.

Chemistry: SSOS is a modified starch produced by esterifying starch with octenyl
succinic anhydride (OSA). This modification introduces hydrophobic octenyl groups to
the starch polymer, giving it amphiphilic properties similar to a surfactant, while retaining
the hydrophilic nature of the starch backbone.™

Stabilization Mechanism (Pickering Emulsion): During the manufacturing process (likely
high-pressure homogenization followed by spray drying), the SSOS molecules orient
themselves at the oil-water interface. The hydrophobic octenyl tails anchor into the lipid
droplets (containing the Vitamin D3 and phospholipids), while the hydrophilic starch
chains extend into the aqueous phase. This creates a steric barrier that prevents oil
droplet coalescence.™

Spray Drying Protection: When the emulsion is spray-dried, the SSOS forms a dense,
glassy wall around the lipid core. This matrix is superior to simple maltodextrin because it
is less permeable to oxygen, providing a robust shield against oxidative degradation of
the Vitamin D3 during the product's 2-year shelf life.*

3. Manufacturing & Quality Assurance Profile

3.1 Manufacturer Credentials: Joyful Nutritional Supply Co., Ltd.

Reliability of the supply chain is a critical component of the TDS. Joyful Nutritional Supply
Co., Ltd. is established as the primary manufacturer for the LiposoMore™ brand ingredients.



Infrastructure: The company operates a significant manufacturing base in Shenzhen,
China, covering 10,000 square meters. The facility is equipped with four intelligent
production lines, indicating a high degree of automation and reproducibility in batch
processing.'®

Specialized Capabilities: Joyful Nutritional distinguishes itself through proprietary
technologies in microencapsulation, activation, embedding, and lipidization. This
expertise is directly relevant to the complex manufacturing requirements of liposomal
powders, which require precise control over particle size and thermal exposure to
prevent liposome rupture.'

3.2 Quality Systems and Certifications

The COA and company profile confirm adherence to rigorous international standards, a
mandatory requirement for Western market entry.

ISO 22000 & FSSC 22000: The facility operates under an ISO 22000 verified Food
Safety Management System (FSMS). This system integrates HACCP (Hazard Analysis and
Critical Control Points) principles to prevent contamination.™

CNAS Accredited Laboratory: A key differentiator is the company's internal laboratory,
which is approved by the China National Accreditation Service for Conformity
Assessment (CNAS). CNAS accreditation signifies that the lab operates in accordance
with ISO/IEC 17025, the global standard for testing competence. This lends high
credibility to the COA results (e.g., Heavy Metals via ICP-MS, Assay via HPLC)."

GMP Compliance: The product is manufactured under cGMP (Current Good
Manufacturing Practice) conditions suitable for "Food Supplements Grade" ingredients.®

3.3 COA Specification Analysis

The following analysis interprets the raw data from the provided Certificate of Analysis (Batch
No. JN-LPVC-202509006).°

Specification Parameter Result Interpretation &
Implications
Assay (Vitamin D3) 100,102.58 IU/g High Potency: The result

exceeds the $\ge
100,000$ IU/g
specification. This 10%
overage suggests a robust




manufacturing process
designed to ensure label
claim is met throughout the
shelf life.

Moisture (Loss on Drying)

2.5%

Superior Stability: The limit
is <6.0%, but the actual
result is 2.5%. Low water
activity is critical for
preventing lipid hydrolysis
(rancidity) in the
phospholipid components
and maintaining the glass
transition state of the
SSOS carrier."

Heavy Metals (Total)

<10 ppm

Global Compliance: This
limit meets the stringent
USP (United States
Pharmacopeia) and EU
regulation requirements for
dietary supplements,
ensuring safety for long-
term daily consumption.

Microbiology (TPC)

<100 CFU/g

Hygiene Control: With a
limit of <1000 CFU/g and
actuals <100, the product
demonstrates excellent
sanitary processing, likely
due to the heat step in
spray drying and
cleanroom packaging.

Solubility

Dispensible

Application Versatility:
"Dispensible in water"
confirms the efficacy of
the SSOS coating. It allows




the fat-soluble vitamin to
be mixed into water-based
systems (like stomach fluid
or beverages) without
separating into an oil slick.

4. Stability, Bioavailability & Efficacy

4.1 Comparative Bioavailability

The primary marketing claim for LiposoMore™-D3 is superior absorption. Scientific literature
supports this claim for liposomal D3 formulations compared to standard oil or powder forms.

Clinical Evidence: Studies utilizing liposomal Vitamin D3 have demonstrated a faster and
more significant rise in serum 25-hydroxyvitamin D (25(OH)D) levels. For instance, one
study found the bioavailability (measured by Area Under the Curve, AUC) of liposomal D3
to be significantly higher—up to 4 times greater in some models—than standard oily
drops.

Efficiency in Deficiency: The liposomal format has been shown to be particularly
effective in rapidly correcting deficiency states, especially in populations where
intestinal absorption is compromised (e.g., Cystic Fibrosis, Crohn's Disease, or age-
related gastric atrophy).’

Cellular Uptake: In vitro models using Caco-2 cells (mimicking the intestinal lining) have
shown that phospholipid-encapsulated D3 has a higher rate of cellular internalization
compared to non-encapsulated cholecalciferol, confirming the "bio-enhancer" property
of the liposomal vehicle.?

4.2 Stability Profile

Vitamin D3 is notorious for its instability. It is susceptible to isomerization and oxidation when
exposed to heat, light, and oxygen.

Photostability: Encapsulation within a liposome has been proven to retard
photodegradation. In stress tests exposing Vitamin D3 to 4500 Lx light intensity,
liposomal formulations retained >94% potency after 9 days, whereas standard solutions
degraded to <50%."

Thermal & Oxidation Stability: The SSOS matrix provides a "glassy" barrier that limits
oxygen diffusion. Stability studies on SSOS-encapsulated vitamins indicate high
retention rates even at elevated temperatures (40°C) compared to standard starch or
gum arabic carriers.™




e Shelf Life Validation: The COA specifies a 2-year shelf life (Sept 2025 to Sept 2027).°
This is supported by the low moisture content and the dual-protection mechanism
(Phospholipid Bilayer + SSOS Shell).

5. Regulatory & Compliance Strategy
5.1 Labeling Standards

Correctly labeling LiposoMore™-D3 is crucial for regulatory compliance in the target markets
(USA, EU, China).

e USA (FDA):

o Supplement Facts: Listed as "Vitamin D3 (as Cholecalciferol)".

o Other Ingredients: The carrier system must be declared. Common phrasing includes:
"Liposomal Matrix (Modified Food Starch, Phospholipids)" or "Sodium Starch Octenyl
Succinate, Sunflower Lecithin."

o Bioengineered (BE) Disclosure: If the corn source for the starch or soy source for
lecithin is GMO, a BE disclosure is required. However, Joyful Nutritional typically
supplies Non-GMO grades. Recommendation: Explicitly verify Non-GMO
certification for every batch to avoid the "Contains Bioengineered Food Ingredients”
label requirement.?’

e Europe (EFSA):

o Active:Vitamin D3.

o Additives: Sodium Starch Octenyl Succinate is an approved food additive (E1450).
Lecithins are E322. These must be listed in the ingredients list.”

o Gluten-Free:SSOS is generally considered gluten-free (even if wheat-derived,
processing removes gluten, but corn/waxy maize is the standard source). E1450 is
permitted in gluten-free foods.?*

5.2 Clean Label & Dietary Suitability

e Vegetarian/Vegan Status: Vitamin D3 is traditionally sourced from Lanolin (sheep's wool
grease), which is vegetarian but notvegan.
o Note: The competitor snippet 2 mentions “Vegetarian (Wool Lanolin)." If
LiposoMore™-D3 uses lanolin-derived D3, it is Vegetarian. If it uses Lichen-derived
D3, it is Vegan. Assumption based on standard COA: Unless specified as "Lichen,"
standard D3 is Lanolin-based. The TDS should reflect “Vegetarian® unless Lichen
source is confirmed.
e BSE/TSE Free: Lanolin-derived D3 is processed extensively (saponification, irradiation),
rendering it free from BSE/TSE risks. A formal statement is standard.?’
e Gluten Free: Suitable for celiac-friendly formulations.*



6. Applications & Formulation Guidelines

6.1 Recommended Dosage Forms

LiposoMore™-D3 is a highly versatile raw material designed to overcome the limitations of
liquid liposomes.

Hard Shell Capsules: The powder has a typical bulk density of 0.40-0.60 g/mL %°,
allowing for easy filling. It can be blended with fillers like microcrystalline cellulose.
Powder Sachets / Stick Packs: This is the ideal application. The SSOS coating ensures
the powder disperses instantly in water to form a cloudy, stable "liposomal milk" without
the unpleasant "oil ring" seen with inferior products.®

Tablets: Direct compression is possible, but high compression forces (>10kN) may
rupture some liposomes. Use excipients that deform plastically (e.g., pregelatinized
starch) to cushion the liposomes.*°

Gummies: The thermal stability of SSOS allows addition to the gummy mass at
temperatures <80°C, provided exposure time is minimized. Add at the very end of the
process (post-cooking, pre-depositing) to maximize potency retention.*'

6.2 Dosing Calculations

Potency: 100,000 IU/g.

Target Dosage:

o 1,000 IU Daily Maintenance: Requires 10 mg of LiposoMore™-D3.

o 5000 U High Potency:Requires 50 mg of LiposoMore™-D3.

Overage: It is standard industry practice to include a 10-15% overage in the finished
product input to account for processing losses and shelf-life degradation, ensuring the
label claim is met at the expiration date.

6.3 Handling & Storage

Hygroscopicity: Liposomal powders containing phospholipids can be hygroscopic.
Manufacturing suites should maintain relative humidity (RH) <40% to prevent powder
caking or stickiness during encapsulation.

Storage: The product must be stored in its original aluminum foil packaging. Once
opened, exposure to oxygen and moisture must be minimized. Recommended storage
temperature is around 25°C (Room Temperature); refrigeration is not strictly required for
the powder but can extend shelf life.”



/. Market Analysis & Competitor Benchmarking

7.1 The "Liposomal” Market Boom

The term "Liposomal” has transitioned from a niche medical term to a powerful marketing
driver in the supplement industry.

e Consumer Trends: Data indicates a surging interest in "high absorption" and
"bioavailable" supplements. Consumers are increasingly educated on the fact that "it's
not what you eat, it's what you absorb."

e Search Volume: Terms like "Liposomal Vitamin D" and "Liposomal C" have seen double-
digit year-over-year growth in search queries.”

8. Development of the Technical Data Sheet (TDS)

TECHNICAL DATA SHEET
Product Identification

Product Name LIPOSOMAL Vitamin D3 Powder
Trade Name LiposoMore™-D3

Product Code LM-D3-100 (Example)

Active Ingredient Cholecalciferol (Vitamin D3)

INCI Name Starch Sodium Octenyl Succinate,

Phospholipids, Cholecalciferol

Botanical/Source Lanolin (Vitamin D3), Sunflower/Soy
(Phospholipids), Waxy Maize (Starch)

Country of Origin China




Harmonized Code (HS) 2936.29.00

Product Description

LiposoMore™-D3 is a high-performance, microencapsulated Vitamin D3 powder engineered
for superior stability and bioavailability. Utilizing advanced Pro-Liposomal Technology, the
active Cholecalciferol is entrapped within a phospholipid bilayer and further stabilized by a
matrix of Sodium Starch Octenyl Succinate (E1450).

This dual-encapsulation system mimics the body's cell membranes, facilitating efficient
absorption while protecting the sensitive vitamin from oxidation, light, and gastric acid
degradation. The powder is water-dispersible, forming a stable liposomal suspension upon
hydration, making it ideal for capsules, tablets, and powdered drink mixes.

Physical & Chemical Specifications

Based on In-House Standard and validated by CNAS Accredited Laboratory.

Parameter Specification Test Method
Appearance White to light yellow free- Visual
flowing powder
Odor Characteristic, mild Organoleptic
Solubility Dispersible in water (forms Visual
milky emulsion)
Assay (Vitamin D3) = 100,000 IU/g HPLC
Loss on Drying < 6.0% USP
Particle Size > 95% pass 80 mesh USP




Bulk Density

0.40 - 0.60 g/mL (Typical)

USP

Contaminant Control

Compliant with USP and EU Regulation (EC) No 1881/2006 limits for food supplements.

Parameter Specification Method
Total Heavy Metals <10 ppm ICP-MS
Lead (Pb) < 3.0 ppm ICP-MS
Arsenic (As) < 1.0ppm ICP-MS
Cadmium (Cd) < 1.0 ppm ICP-MS
Mercury (Hg) < 0.1 ppm ICP-MS
Microbiological Standards
Manufactured under ISO 22000 certified hygiene standards.
Parameter Specification Method
Total Plate Count < 1,000 CFU/g USP
Yeasts & Molds <100 CFU/g USP
E. Coli Negative / 10g USP




Salmonella Negative / 25g USP

Staphylococcus Aureus Negative / 25g UsP

Compliance & Dietary Suitability

Non-GMO: Manufactured without the use of Genetically Modified Organisms.
Gluten-Free: Does not contain wheat, rye, barley, or oats. Suitable for gluten-free diets.
Vegetarian: Suitable for vegetarians (Source: Wool Lanolin). Mot Vegan.

BSE/TSE Status: Free from Bovine/Transmissible Spongiform Encephalopathy agents.
Irradiation: Non-irradiated.

Solvent Residues: Complies with USP / EU Directive 2009/32/EC.

Storage & Handling

Shelf Life: 24 months from the date of manufacture in the original unopened packaging.
Storage Conditions: Store in a cool, dry place ($\le 25*{\circ\text{C}$), protected from
direct light, moisture, and strong odors.

Packaging: 1kg / 5kg / 25kg aluminum foil bags or fiber drums with food-grade PE liner.
Handling: Hygroscopic material; minimize exposure to air. Reseal immediately after use.

Manufacturer Information

Joyful Nutritional Supply Co., Ltd.
No.2045 Songbai Road, Baoan District, Shenzhen, China
Certifications: ISO 22000, FSSC 22000, CNAS Accredited Laboratory.

(End of Technical Data Sheet)

9. Conclusion & Strategic Recommendations

LiposoMore™-D3 is positioned to be a market-leading ingredient. The convergence of high
manufacturing quality (Joyful Nutritional's CNAS/ISO credentials), advanced formulation
technology (SSOS-stabilized liposomes), and documented market demand for bioavailability
creates a compelling sales narrative.

Strategic Recommendations for the Brand:




1. Leverage the "Protection” Claim: Marketing should focus not just on absorption, but on
the protection the SSOS shell provides to the vitamin before it even enters the body.

2. Focus on "Powder Power": Differentiate from competitors selling liquid liposomes by
highlighting the shelf-stability and ease of use of the LiposoMore™ powder format.

3. Quality Transparency: Use the "Heavy Metals <10ppm" and "CNAS Verified" attributes
to build trust with Western OEM manufacturers who prioritize safety and compliance.

This dossier provides the necessary technical and marketing ammunition to successfully
commercialize LiposoMore™-D3 in the high-growth sector of advanced dietary supplements.



