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Analysis of Classic Application Cases of Calcium Carbonate

Calcium Carbonate (CAS: 471-34-1) serves as the benchmark raw material for inorganic calcium salt calcium supplementation. Featuring high calcium content,
outstanding cost performance, extensive raw material sources, and stable physicochemical properties, it has long dominated the global market for calcium
supplementation and food nutrition fortification. With a century of industrial application and widespread market popularity, it has evolved into the most fundamental and
highest-volume classic calcium source for daily public calcium supplementation and conventional food calcium fortification. This paper conducts a professional and systematic
analysis from five dimensions: technical fundamentals, classic application cases, core advantages, application standards, and industry trends, balancing academic rigor

and industrial practicality to provide authoritative references for R&D, production and application in related fields.

I. Core Technical Characteristics of Calcium Carbonate (Application Foundation)
The large-scale popularization and application of calcium carbonatestem from its simple molecular structure, ultra-high elemental calcium content and mature industrial
preparation technology, which constitute the core prerequisite for its extensive application in consumer goods, conventional food and basic pharmaceutical fields. A detailed

elaboration is given below from three aspects: molecular structure, key properties, and regulatory compliance.

1.1 Molecular Structure and Absorption Mechanism

Calcium Carbonate is an inorganic carbonate calcium salt with an ionic crystal structure formed by the combination of calcium ions and carbonate radicals. Its molecular
formula is CaCO3 with a molecular weight of 100.09, ranking it as the bulk calcium source with the highest elemental calcium content.

Its absorption mechanism is typically gastric acid dependent. After entering the stomach, it dissociates relying on hydrochloric acid in gastric juice to release free calcium
ions, which are then absorbed and utilized by the body in the small intestine. It cannot dissolve spontaneously in neutral or weakly alkaline environments. Gastric acid secretion
directly determines dissociation efficiency and calcium absorption rate. It is susceptible to antagonistic effects from oxalic acid, phytic acid and phosphoric acid in food;

unabsorbed calcium easily forms insoluble precipitates and may cause gastrointestinal discomfort such as bloating and constipation.
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1.2 Key Performance Indicators (Comparison with Organic Calcium Sources)
Compared with organic calcium sources such as calcium citrate, calcium lactate and calcium gluconate, calcium carbonate possesses unique advantages in elemental
calcium content, cost performance, powder physicochemical stability, processing compatibility and sensory properties, while having definite application limitations, as detailed
below:

¢ Elemental Calcium Content:
The theoretical elemental calcium content of calcium carbonate reaches 40%, far higher than 21% of calcium citrate, 13% of calcium lactate and only 9% of calcium gluconate.
Under the same calcium supplementation dosage, it requires less addition and occupies smaller formula space, making it the preferred raw material for high-calcium and low-
cost formulas.

e Cost and Cost Performance:
Derived from natural mineral resources such as limestone and calcite as well as biological raw materials like shells, it adopts mature mining and purification processes. Its
market price is only 1/3—1/2 of organic calcium. With prominent large-scale mass production advantages, it is suitable for affordable public calcium supplementation products
and bulk fortification of conventional food.

e Acid-Base Dependence:
It highly relies on gastric acid for dissociation, achieving the best absorption effect when gastric acid secretion is sufficient after meals. For individuals with empty stomach,
insufficient gastric acid, the elderly, atrophic gastritis patients and long-term acid inhibitor users, its dissociation efficiency drops sharply with a significant decline in calcium
absorption rate.

¢ Sensory and Physicochemical Stability:
High-purity calcium carbonate powder features good fluidity, low moisture absorption, high temperature resistance and strong chemical inertness, rarely reacting with food
matrices. However, it has a slight inherent lime fishy smell, tends to settle and layer upon standing in liquid beverages, and may precipitate fine sediments in high-temperature
liquid systems.

e Gastrointestinal Tolerance:
The reaction between calcium carbonate and gastric acid produces carbon dioxide, easily causing gastrointestinal reactions such as bloating, belching, acid regurgitation and
constipation. The incidence of adverse reactions is higher among sensitive groups, infants and patients with stomach diseases. Long-term high-dose intake may increase the

potential risk of urinary system stones.
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1.3 Foundation of Regulatory Compliance
Calcium Carbonate has obtained comprehensive regulatory access in major countries and regions worldwide, widely applicable to conventional food, health food, nutritionally
fortified food, basic pharmaceutical preparations, feed additives, daily chemical industry and other fields. A sound compliance system underpins its universal popularization
and application, with specific compliance basis as follows:

¢ Chinese Regulations:
In accordance with GB 14880-2012 National Food Safety Standard for the Use of Nutrient Fortifiers, calcium carbonate is permitted for full-category application as a
calcium nutrient fortifier. GB 1886.214-2016 National Food Safety Standard for Food Additive Calcium Carbonate specifies food-grade quality indicators, production
processes and scope of application. It is also approved for legal use as a health food raw material, oral solid pharmaceutical excipient and feed nutrient fortifier.

e International Regulations:
The U.S. FDA lists Calcium Carbonate as a GRAS (Generally Recognized As Safe) substance, included in 21 CFR 182.5051. JECFA, EU EFSA and CAC all approve it as
a general calcium nutrient fortifier, acidity regulator and anticaking agent. It is universally permitted globally for conventional food, adult health products, livestock and poultry

feed, and basic medical calcium supplementation preparations.

II. Classic Application Cases of Calcium Carbonate (Five Core Fields)

Based on the core characteristics of high calcium content, low cost and easy processing, calcium carbonate has formed benchmark application cases in five major sectors:
affordable calcium supplementation for general adults, calcium fortification in conventional food industry, tablet solid pharmaceutical preparations, livestock and
aquaculture feed nutrition, and daily meal replacement grain products. Each sector has undergone long-term industrial implementation and market verification with clear
cost advantages and popularization value. Detailed analysis is conducted following the logic of industry pain points — product positioning — experimental/market data —

commercial value.
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Affordable Calcium Supplementation for General Adults

Case 1: Caltrate Calcium Carbonate Vitamin D3 Tablets (Benchmark Case of National Affordable Calcium Supplementation)

1. Core Industry Pain Points
Ordinary adults, young and middle-aged office workers and basic bone maintenance groups only need daily basic calcium supplementation with core demands for high
calcium content, affordable price and easy availability. High-end organic calcium is overpriced and imposes a heavy economic burden on long-term use; traditional low-
calcium organic calcium requires large-dose intake with extremely low cost performance. Mass calcium supplementation products generally suffer from complex formulas,
excessive premium and insufficient daily popularity, creating an urgent demand for high-cost-performance basic calcium sources to support popular calcium supplementation
needs.
2. Product Positioning
The classic Caltrate Calcium Carbonate Vitamin D3 Tablets are positioned as universal affordable basic calcium supplements, designed for ordinary adults, young and
middle-aged people and the public without underlying gastrointestinal diseases. Adopting food-grade high-purity calcium carbonate as the sole core calcium source, it precisely
matches adults’ daily calcium demand with 40% high calcium content; compounded with vitamin D3 to promote intestinal calcium absorption without redundant additives.
With standardized tablet specifications and excellent cost performance, it adapts to daily household stock, basic bone maintenance for the middle-aged and elderly, and daily
nutritional supplementation for office workers.
3. Market and Application Verification Data
e Formula Adaptability: Single tablet weight is controllable with accurately compliant elemental calcium content. When taken after meals and dissociated by natural
gastric acid, the apparent calcium absorption rate of healthy adults reaches 18%—22%, meeting basic bone calcium supply needs.
¢  Market Popularity: The product covers all channels including national pharmacies, supermarkets and e-commerce platforms, ranking among the top annual sales in
adult calcium supplementation categories with a repurchase rate as high as 68%, making it the most recognized affordable calcium supplementation product
nationwide.
o Tolerance Performance: The incidence of gastrointestinal adverse reactions in healthy people taking it after meals is lower than 8%; the incidence of bloating and
belching rises to about 25% for empty-stomach intake and gastrointestinal sensitive groups, suitable for daily use by people with normal physical conditions.
4. Commercial Value and Industry Influence
This product has established calcium carbonate’s industrial status as the primary raw material for popular affordable calcium supplementation, setting the market standard
of "high calcium, low price and popularization" for adult basic calcium supplementation. It has driven numerous domestic pharmaceutical and health enterprises to launch
similar calcium carbonate D3 formula tablets, forming the mainstream track of mass calcium supplementation products and becoming the preferred reference model for basic

calcium supplementation of ordinary adults with non-sensitive constitutions.




NH QINGDAO NATURE LIFE INTERNATIONAL TRADE CO., LTD.

Calcium Fortification in Conventional Food Industry

Case 2: Yili Pure Milk / High-Calcium Bagged Pure Milk (Benchmark Case of Dairy Product Fortification)

1. Core Industry Pain Points
For affordable dairy products such as normal-temperature bagged milk, blended milk and ordinary milk powder, the core demands of large-scale production are low cost, easy
processing, no impact on original flavor and compliance with national standard nutrition claims. The high cost of organic calcium raw materials substantially raises
terminal product prices; traditional nutrient-fortified calcium sources require large addition amounts, impair milk powder reconstitution properties and increase production
costs. Affordable mass dairy products are in urgent need of low-cost and highly adaptable basic calcium sources.
2. Solution and Product Design
Yili mass-market high-calcium pure milk adopts food-grade light calcium carbonate as the calcium fortification raw material to precisely meet the industrial production needs
of affordable dairy products. The elemental calcium addition amount is strictly controlled in accordance with GB 14880 to meet high-calcium nutrition label claims. Leveraging
calcium carbonate’s stable chemical properties and high temperature resistance, it adapts to the entire technological process of UHT instantaneous sterilization and normal-
temperature filling. Ultra-fine powder treatment reduces sedimentation rate, balancing sensory stability and production cost of liquid milk.
3. Core Product Advantages
e Cost Advantage: Compared with organic calcium fortification solutions, raw material addition cost is reduced by over 40%, supporting affordable pricing of mass
bagged milk and adapting to national daily consumption.
e Process Adaptability Advantage: It withstands high-temperature sterilization processes of dairy products without chemical reactions, odor generation or damage to
the original nutritional matrix of milk.
¢ Nutritional Adaptability Advantage: Intake with beverages after meals enables dissociation and absorption relying on normal human gastric acid, meeting daily
dietary calcium supplementation needs of ordinary consumers.
4. Commercial Value and Industry Influence
It has driven the domestic normal-temperature affordable dairy, bagged milk and ordinary blended milk industry to widely adopt calcium carbonate as the standard calcium
fortification raw material, establishing a mature low-cost calcium fortification process system for mass dairy products. It clarifies that calcium carbonate is the optimal cost-

performance choice for nutritional fortification of affordable food and mass dairy products, underpinning the basic guarantee of national daily dietary calcium intake.
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Tablet Solid Pharmaceutical Preparation Industry

Case 3: Medical Calcium Carbonate Chewable Tablets (Benchmark Case of Basic Calcium Supplementation Preparations in Primary Hospitals)

1. Core Industry Pain Points

Primary medical institutions, community hospitals and township health centers target the middle-aged and elderly, postmenopausal women and mild osteoporosis groups with
clinical demands focusing on basic calcium supplementation, low-cost universal accessibility and easy-to-take dosage forms. High-end organic calcium medical
preparations are overpriced with low acceptance among primary audiences; ordinary calcium preparations have low calcium content requiring multiple daily doses with poor
medication adherence. There is an urgent need for basic medical calcium sources with high calcium content, low cost and complete compliance.

2. Product Positioning

Medical calcium carbonate chewable tablets are positioned as universal affordable basic calcium supplementation preparations for primary clinical use, applicable to bone
loss in the middle-aged and elderly, calcium supplementation for postmenopausal women and growth calcium supply for adolescents. Adopting medical-grade high-purity
heavy calcium carbonate with impurity content strictly complying with pharmacopoeia standards; high calcium content reduces daily dosage. The chewable dosage form
requires no warm water for administration, adapting to usage scenarios of the elderly and rural primary medical institutions. The streamlined formula without redundant
excipients meets the needs of basic clinical nutritional intervention.

3. Clinical Application Value (General Clinical Data of Primary Medical Institutions)

When chewed and taken after meals by healthy middle-aged and elderly people, the calcium absorption and utilization rate stably maintains 16%—20%, effectively delaying
bone loss. After 12 consecutive months of intervention, the bone mineral density decline rate of mild osteoporosis groups slows down by over 30%. With low unit price and
strong medical insurance adaptability at the primary level, it imposes little economic burden on long-term patient use and enjoys an extremely high clinical prescription rate.
4. Commercial Value and Industry Influence

It has become the standard basic calcium supplementation preparation in national primary hospitals and community health service centers, filling the market gap of affordable
medical calcium supplementation raw materials. It establishes calcium carbonate’s core position in primary clinical and basic orthopedic nutritional intervention, constructing

an application system of primary medical calcium supplementation raw materials featuring low price, compliance, efficacy and easy popularization.
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Livestock and Aquaculture Feed Nutrition Industry

Case 4: Calcium Carbonate Nutrient Fortifier for Livestock Compound Premix (Benchmark Case of Feed Industry)

1. Core Industry Pain Points
In the breeding of live pigs, broilers, laying poultry, ruminants and aquatic products, continuous calcium supplementation is required for livestock bone development, eggshell
formation and aquatic crust growth. The core demands of the feed industry are cheap raw materials, convenient addition, stable physicochemical properties and no toxic
side effects. The high cost of high-end organic calcium makes it unsuitable for large-scale bulk addition in feed; ordinary calcium sources have low calcium content requiring
high addition ratios, occupying feed formula space and affecting daily ration nutritional balance.
2. Product Positioning
Feed-grade calcium carbonate serves as the core calcium source for livestock and aquaculture premixes, positioned as a universal low-cost calcium nutrient fortifier for the
breeding industry. Adopting feed-grade calcium carbonate purified from natural ore with stable calcium content and compliant heavy metal indicators; the uniform particle
size powder blends well with feed matrices such as corn and soybean meal without easy stratification and caking. It also plays auxiliary roles in feed acidity regulation and
anticaking, adapting to full-category breeding formulas of livestock, poultry and aquatic products.
3. Core Application Value
¢ Breeding Performance Improvement: Addition to laying poultry daily rations significantly improves eggshell hardness and breakage rate; it promotes robust bone
development of young livestock and poultry and reduces limb malformation incidence; it accelerates crust hardening of aquatic shrimps and crabs and increases
survival rate.
e Cost and Process Advantage: Raw materials are easily available at low prices, suitable for large-scale addition in the feed industry; stable chemical properties ensure
no deterioration during storage, adapting to long-term warehousing and long-distance transportation of feed.
4. Commercial Value and Industry Influence
Calcium carbonate has become the highest-volume calcium source raw material in the global feed industry, occupying over 80% of the feed calcium fortification market share.
It is an indispensable basic raw material for livestock premixes, concentrated feed and complete daily rations, supporting low-cost and standardized nutritional matching of

large-scale breeding industry and evolving into an essential raw material for mineral nutritional fortification in feed.
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Daily Meal Replacement Grain Industry

Case 5: Calcium Fortification Formula of Instant Oatmeal and Grain Meal Replacement Bars (Benchmark Case of Meal Replacement Food)

1. Core Industry Pain Points
Mass meal replacement foods such as instant oatmeal, grain meal replacements, multigrain bars and breakfast cereals focus on affordability, convenience and daily dietary
supplementation. Calcium fortification faces three major pain points: cost control, tolerance to baking and extrusion processes, and no damage to grain taste. Organic
calcium raw materials have excessive premium, incompatible with affordable meal replacement pricing; some calcium sources generate peculiar odors after high-temperature
processing and impair the original flavor of grains.
2. Product Positioning
Mass grain meal replacement foods adopt food-grade ultra-fine calcium carbonate as the calcium fortification raw material, positioned as an exclusive basic calcium source
for affordable meal replacements. Its high calcium content allows low-proportion addition without occupying formula space of grains and dietary fiber; ultra-fine powder
technology masks lime fishy smell for uniform integration with grain powder. It withstands high-temperature processes such as baking, extrusion and puffing without
deterioration or odor generation, adapting to industrial production of instant meal replacements.
3. Core Product Advantages
e Process Adaptability: Withstands puffing and baking temperatures of 120-180°C with stable physicochemical properties, not affecting the forming and taste of meal
replacement bars.
¢ Sensory Adaptability: Ultra-fine treatment eliminates coarse particle sensation with high integration with original grain flavor and no obvious peculiar smell.
¢ Economic Adaptability: Low-cost addition ensures the affordable positioning of meal replacement foods, meeting daily calcium supplementation needs of the public
for breakfast and meal replacement.
4. Commercial Value and Industry Influence
The domestic affordable instant oatmeal, grain meal replacement and multigrain snack industry generally adopts calcium carbonate as the standard calcium fortification raw
material, forming mature formula and technology. It verifies the process adaptability of calcium carbonate in baked and puffed grain foods, making it the preferred basic raw

material for calcium fortification of mass convenient dietary foods.
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I11. Summary of Core Application Advantages of Calcium Carbonate
Combined with the above five classic application cases and technical characteristics, the core application advantages of calcium carbonate are summarized into four

fundamental attributes, underpinning its long-term dominant position in affordable consumer goods, food industry, primary medical care and feed breeding sectors:

1. High-Content Cost Revolution
Boasting an ultimate elemental calcium content of 40%, calcium carbonate ranks first among bulk calcium sources with the minimum addition amount under the same calcium
supplementation effect. With extensive natural mineral raw material sources and simple purification processes, its cost performance surpasses all organic calcium sources,

making it the optimal economic choice for mass production and affordable product formulas.

2. Physicochemical Stability Revolution
It features extremely strong chemical inertness, high temperature resistance, storage stability, low moisture absorption and low reactivity with food matrices. It adapts to the
entire industrial process including UHT sterilization, baking and puffing, tablet pressing and feed mixing, with long warehouse shelf life and compatibility with large-scale

circulation of the whole industrial chain.

3. Broad-Spectrum Adaptability Revolution
With full regulatory access coverage, it can be applied across conventional food, health products, basic medicine, feed and meal replacement grains. Customizable powder
particle sizes including light calcium, heavy calcium and ultra-fine powder meet the formulation and process requirements of different dosage forms such as liquid dairy

products, solid tablets, puffed food and feed premixes.

4. Universal Popularization Revolution
With safe raw materials, high public awareness and affordable price, it requires no premium for high-end formulas and adapts to inclusive scenarios such as ordinary adults,
primary medical care, mass food and breeding industry. Featuring mature technology and stable supply with sufficient global production capacity, it can meet large-scale and

continuous supply demands of the global market.
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I'V. Application Scenarios and Addition Standards of Calcium Carbonate

In accordance with relevant Chinese and international regulations, industry guidelines and the above application cases, the application scenarios and addition standards of

calcium carbonate in different fields are clarified to ensure compliant and efficient application, as follows:

1. Food Fortification Field
¢ Blended Milk / Ordinary Milk Powder: Added in accordance with GB 14880, with elemental calcium fortification dosage complying with national standard limits,
serving as the standard calcium source for affordable dairy products.
¢ Grain Cereals / Meal Replacement Bars / Baked Food: Elemental calcium addition dosage: 600-1500mg/kg, tolerating high-temperature puffing without affecting
taste and forming performance.
e Solid Beverages / Ordinary Protein Powder: Elemental calcium addition dosage: 1000-2500mg/kg, with good powder dispersibility; slight sedimentation after
reconstitution does not affect drinking experience.

e Leisure Food / Multigrain Products: Low-proportion addition for basic calcium nutrition claims, achieving nutrition label compliance at low cost.

2. Health Product / Basic Pharmaceutical Field
e Ordinary Adults / Young and Middle-Aged: Daily elemental calcium supplementation: 600—800mg, recommended to be taken after meals to improve dissociation
and absorption efficiency with the aid of gastric acid.
e Middle-Aged and Elderly / Postmenopausal Women: Daily elemental calcium supplementation: 800-1000mg; long-term regular intake is acceptable for people
without insufficient gastric acid or stomach diseases.
¢ Primary Clinical Preparations: Medical-grade calcium carbonate strictly complies with pharmacopoeia standards; tablet and chewable tablet dosage forms adapt to

basic calcium supplementation intervention in primary clinics.




mnha—fe' QINGDAO NATURE LIFE INTERNATIONAL TRADE CO., LTD.

3. Feed Breeding and Industrial Auxiliary Field
e Livestock and Poultry Feed: Directly added to raw materials with a conventional daily ration addition ratio of 1.0%—2.5%, meeting calcium demands for bone and
eggshell growth.
e Aquaculture: Special light calcium carbonate for aquaculture regulates water hardness while supplementing calcium required for crust growth of aquatic organisms.

¢ Food Industrial Auxiliary: Used as an anticaking agent, acidity regulator and leavening auxiliary, serving as a functional auxiliary in pastries and puffed food.

V. Industry Trends and Future Prospects
With the normalization of public basic calcium supplementation demand, upgrading of affordable food industry and sustainable development of large-scale breeding industry,
calcium carbonate, as a classic inorganic basic calcium raw material, will present four major development trends to further consolidate its industrial status as a fundamental

raw material:

1. Subdivided Grade Upgrading Trend
The refined division of food-grade, pharmaceutical-grade and feed-grade products accelerates. High-purity low-heavy-metal, nano ultra-fine powder and modified coated
calcium carbonate become high-end segmented directions, solving shortcomings such as sedimentation and sensory fishy smell in liquid beverages and expanding application

scenarios in high-end food.

2. Green Process Trend
The purification of natural ore is upgraded to low-carbon and environmentally friendly processes with zero wastewater discharge. The industrialization proportion of shell-

derived and biologically sourced calcium carbonate increases, replacing part of mineral calcium carbonate and aligning with the industrial orientation of green food and

sustainable development.

3. Formula Compound Trend

Basic compound formulas of calcium carbonate + VD3 + magnesium + zinc continue to be standardized. Customized compound premixes are launched for ordinary adults,
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the middle-aged and elderly, and livestock breeding, upgrading from single calcium supplementation to compound mineral nutrition.

4. Industrial Concentration Trend
Domestic calcium carbonate production capacity continues to agglomerate. Leading enterprises realize the integrated industrial chain layout of mine development, purification

and powder processing, with products exported to global food, feed and pharmaceutical markets, evolving into the core supply base of global basic calcium sources.

VI. Conclusion

With five core attributes including the highest elemental calcium content, ultimate cost performance, stable physicochemical properties, full regulatory coverage and
strong industrial adaptability, calcium carbonate has established an irreplaceable industrial barrier for inorganic basic calcium sources, forming a complete application
system of raw material endowment — industrial adaptability — public popularization — feed rigid demand.

The five classic application cases cover the entire tracks of mass affordable calcium supplementation, conventional food fortification, primary clinical medicine, livestock feed
and grain meal replacements, fully verifying its core application value of low cost, high adaptability, easy mass production and universal accessibility.

As an essential raw material for the calcium supplementation industry and food nutrition fortification, calcium carbonate will not be completely replaced by organic calcium.
It will long adhere to the core tracks of affordable universal benefit, industrial foundation and feed breeding. Meanwhile, through grade purification, modification technology
and compound formula upgrading, it will gradually extend to new scenarios such as mid-to-high-end food and medical food auxiliary formulas, continuously providing core

raw material support for national basic nutritional supplementation, food industry upgrading and large-scale breeding industry development.




