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Core Competitive Advantages and Global Market Development Outlook of Zinc Citrate

I. Core Competitive Advantages of Zinc Citrate

Zinc Citrate (Zns(CsHs07)2-2H20), as the third-generation organic zinc nutritional fortifier, builds an irreplaceable core barrier in dietary supplementation, food fortification,
oral care, pharmaceutical and animal nutrition fields by virtue of high bioavailability, low gastrointestinal irritation, excellent processing adaptability and full-scenario
safety. Its comprehensive performance comprehensively outperforms traditional zinc sources such as zinc sulfate, zinc gluconate and zinc oxide, making it a mainstream high-

end choice in the global zinc nutrition market.

1. Bioavailability and Absorption Efficiency: Industry-leading Level

1.1. Dual Advantages of High Element Content and Absorption Rate

The elemental zinc proportion of Zinc Citrate is 31%-34.2% (the dihydrate standard >31.3%), significantly higher than zinc gluconate (13%-14%) and zinc sulfate (22%-—
23%). Under the same zinc supplementation dosage, it requires less addition and delivers better cost performance. Clinical dual-isotope tracing confirms its relative human
bioavailability reaches 82% with an average absorption rate of 30%—-40%, 1.7 times that of zinc oxide (48%) and 1.5 times that of zinc carbonate (55%). Its transport efficiency
on the small intestinal brush border is far superior to inorganic zinc.

1.2. Unique Absorption Mechanism with Extremely Low Dietary Interference

Citrate ligands form a stable chelated structure with zinc ions (logK=4.5, higher than zinc gluconate’s 3.8), enabling direct absorption without gastric acid activation, which is
suitable for people with insufficient gastric acid (the elderly, gastritis patients). It can be taken together with high-phytate, high-calcium and high-iron foods, with an absorption
inhibition rate of less than 15% (zinc sulfate > 40%), and no efficacy loss when taken on an empty stomach.

1.3. Advantages in In Vivo Retention and Metabolism

The mean residence time (MRT) in the human body reaches 12.7 hours, 1.8 times that of zinc sulfate. It maintains steady serum zinc levels for a long time, avoids sharp

fluctuations in blood zinc concentration and reduces metabolic burden.
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2. Safety and Tolerability: High-end Quality Suitable for All Populations

2.1. Extremely Low Gastrointestinal Irritation

As an organic weak acid zinc salt, it has a neutral pH value (5.5-6.5), with no corrosiveness, astringent taste or metallic peculiar smell. It causes no adverse reactions such as
nausea, vomiting and abdominal pain when taken on an empty stomach. Its gastrointestinal tolerance is 3—5 times that of zinc sulfate, suitable for sensitive groups including
infants, pregnant women, the elderly and patients with gastrointestinal diseases.

2.2. High Purity and Safety with Strict Heavy Metal Control

Food/pharmaceutical-grade products feature lead <0.5ppm, arsenic <0.3ppm and cadmium <0.2ppm, far exceeding the standards of GB 1903, FCC, USP and EP. It contains
no residual solvents or microbial contamination, meeting the safety requirements for infant formula food and pharmaceutical injection grade.

2.3. Metabolism-friendly with No Accumulation Risk

Both zinc ions and citrate are endogenous metabolites in the human body, fully participating in the tricarboxylic acid cycle with no liver and kidney accumulation or metabolic
residues. Long-term administration (=12 months) causes no abnormal serum copper levels or neurotoxicity. Its safety is officially certified by FDA GRAS (GRN 316), JECFA,
CAC and GB 2760.

3. Processing and Formula Adaptability: Ideal Choice for Industrial Production

3.1. Strong Physicochemical Stability with Wide Environmental Tolerance

It is a white crystalline powder, odorless, tasteless, good in fluidity and not easy to absorb moisture and agglomerate. It remains stable across the full pH range of 2.5-9.0
(compatible with fruit juice, beverages, dairy products and baked foods), resistant to high-temperature sterilization at 121°C, freezing at -20°C and ultraviolet radiation. The

shelf life is >24 months without oxidation, discoloration or component degradation.

3.2. Excellent Formula Compatibility with No Incompatibility Taboos
It has no antagonism, chemical reaction, delamination or precipitation with vitamins (A/C/D/E/B-complex), minerals (calcium/iron/magnesium/selenium), prebiotics, protein
and oil. It solves the industry pain points of traditional zinc sources such as "iron-zinc antagonism and calcium-zinc absorption inhibition", compatible with full-category

formulas including multivitamins, infant milk powder, meal replacements and functional beverages.
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3.3. Full Coverage of Process Adaptability for Cost Reduction and Efficiency Improvement
It is applicable to direct tableting, dry granulation, spray drying and wet mixing, solving industry problems such as tableting punch adhesion, powder dusting and uneven

dispersion. Particle size (80-325 mesh) and content (31%—34.5%) are customizable, adapting to industrial production in food, pharmaceutical, feed and oral care scenarios.

4. Functional Diversity: Cross-domain Value Barrier

4.1. Core Nutritional Fortification: Immune regulation, children’s growth and development, elderly cognitive and bone health, wound healing, reproductive health, skin and
mucosal repair (oral ulcers, acne).

4.2. Specialized for Oral Care: Inhibits dental plaque, tartar and Porphyromonas gingivalis, preventing dental caries, relieving inflammation and removing bad breath. It is
the preferred zinc source for toothpaste, mouthwash and chewing gum with a global market share > 65%.

4.3. Clinical Pharmaceutical Application: Zinc supplementation for diarrhea (WHO recommendation), zinc supplementation for diabetes, adjuvant treatment of Wilson’s
disease, and external dermatological preparations.

4.4. High-efficiency Animal Nutrition: Zinc supplementation for livestock, poultry, aquatic and pet feed, promoting growth, enhancing immunity and improving meat quality.

Its absorption rate is twice that of inorganic zinc, reducing excretion and being environmentally friendly.

5. Cost and Cost-performance Ratio: Optimal Solution for High-end Market
Compared with amino acid chelated zinc (zinc glycinate, zinc methionine), Zinc Citrate costs 60%—70% lower while achieving over 85% of its bioavailability. Compared
with zinc gluconate, its elemental zinc content is 2.3 times higher with a 40% lower unit zinc cost. Integrating absorption, safety, stability and cost, Zinc Citrate boasts the

highest cost-performance ratio among global high-end zinc sources.

6. Authoritative Compliance and Market Recognition
Global Unified Standards: CAS 546-46-3, INS 390, CNS 17.036. It complies with China GB 2760/14880/1903, US FDA GRAS, EU EFSA, Japan Ministry of Health, Labour

and Welfare and CAC standards, gaining market access in more than 100 countries with no trade barriers.
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Core Parameter Comparison Between Zinc Citrate and Mainstream Zinc Sources

Index Zinc Citrate Zinc Gluconate Zinc Sulfate Zinc Oxide

Elemental Zinc Content 31%-34.2% 13%—14% 22%-23% 72%—80%

Bioavailability 82% (Relative) 65% 58% 48%

Gastrointestinal Irritation Extremely Low Low High Extremely High

Taste Odorless & Tasteless Slightly Astringent Bitter Metallic Taste Bitter & Astringent

pH Stability Range 2.5-9.0 4.0-7.5 3.0-6.0 Decomposes below 5.0
Processing Stability Excellent Good Average Poor

Full-population Adaptability Yes Partial No (Adults Only) No (Feed/External Use Only)
Unit Zinc Cost Medium-Low High Low Extremely Low

I1. Global Market Development Outlook of Zin¢ Citrate (2026—-2035)

1. Global Market Scale and Growth: Steady Expansion with Accelerated High-end Upgrade
e 2025 Benchmark Scale: Global market size reached 2.12-2.14 billion US dollars (approximately 148—150 billion RMB), with sales volume of 7,002 tons and average
price of 6,281 US dollars/ton.
e 2026 Forecast: 2.23 billion US dollars (+4.2%). China accounts for 32%-35%, ranking as the world’s largest producer and consumer.
e 2031 Target: 2.73 billion US dollars with a CAGR of4.12% (2026-2031); 2035 scale will reach 3.73 billion US dollars with a CAGR 0f'5.85% (2026-2035), outpacing
the average growth rate of the food additive industry (3.0%—3.5%).
e  Market Structure: Dietary Supplements (45%) > Food Fortification (25%) > Oral Care (18%) > Pharmaceuticals (7%) > Feed (5%).
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2. Core Driving Factors (2026-2035)

2.1 Global Zinc Deficiency Crisis and Upgraded Health Awareness

Over 30% of the global population suffers from zinc deficiency (over 25% in China), with children, pregnant women, the elderly and vegetarians as high-risk groups. Immune

health, anti-aging, precision nutrition and maternal-infant health have become mainstream consumption demands, driving the annual growth of high-bioavailability organic

zinc demand at 12%—18%.

2.2. Policy and Standard Promoting High-end Substitution

Revisions to China’s National Food Safety Standards, new zinc fortification policies of US FDA, EU EFSA nutrition labeling regulations, and WHO/UNICEF guidelines on

zinc supplementation for diarrhea have comprehensively restricted the application of inorganic zinc in food, pharmaceutical and infant fields. The substitution rate of Zine

Citrate will reach 75% by 2035 (48% in 2025).

2.3. Explosive Expansion of Application Scenarios

Dietary Supplements: Immune tablets, anti-aging capsules, children’s gummy candies, elderly multivitamins, sports nutrition, CAGR 6.2%.

Food Fortification: Infant milk powder (the world’s top zinc source with penetration > 80%), cereals, beverages, salt, meal replacements, special medical food, CAGR
5.5%.

Oral Care: Anti-caries toothpaste, mouthwash, chewing gum, oral spray, CAGR 5.8%.

Pharmaceuticals: Anti-diarrhea preparations, zinc supplements for diabetes, external dermatological products, clinical nutrition, CAGR 4.9%.

Feed & Pet Industry: Antibiotic-free breeding, precision nutrition, environmental emission reduction, CAGR 4.5%.

2.4. Technological Innovation Empowering Value Upgrade

Microencapsulation/Nanotechnology: Stability increased by 40% and bioavailability increased by 30%, suitable for acidic beverages and high-temperature baking.
Green Production Process: Enzymatic catalysis, continuous flow reaction and membrane separation purification raise yield by 40%, reduce wastewater discharge by
60% and cut cost by 25%.

Functional Compound Formula: Zinc + Vitamin C + Prebiotics, combined calcium and zinc supplementation, Zinc + Melatonin, achieving a premium increment of

30%—-50%.
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3. Regional Market Pattern (2026-2035)
3.1. Asia-Pacific: Global Leader with China Taking the Lead
e  Accounting for 48%—52% of the global market, with a CAGR of 4.86% (2026—2031), the highest growth rate worldwide.
e China: Production capacity accounts for 60% of the global total (4,200 tons in 2025), expected to reach 6,500 tons by 2030; export volume maintains a CAGR of
31.2% (2023-2026), mainly sold to Southeast Asia, the Middle East, Africa and South America.
e India & Southeast Asia: Benefiting from demographic dividend, nutrition fortification policies and rising middle class, CAGR 5.2%.
3.2. North America: Mature and Stable Dominated by High-end Products
e Accounting for 25%—28% of the global market, CAGR 3.8%; US market scale hit 590 million US dollars in 2025 and is projected to reach 880 million US dollars by
2035.
¢ Driving Factors: Strong health awareness, popularized oral care, stringent pharmaceutical standards and prosperous pet economy.
3.3. Europe: Strict Regulation with Steady Growth
e  Accounting for 18%—-20% of the global market, CAGR 3.5%; Germany, France, the UK and Italy serve as core markets, with organic certification, green production
and traceability as core competitive barriers.
3.4. Latin America / Middle East / Africa: Emerging Blue Ocean with Rapid Penetration
e  Accounting for 5%—8% of the global market, CAGR 6.0%—7.0%; driven by the implementation of nutrition fortification policies and high import dependence, Chinese

products dominate the local market.

4. Competitive Pattern: Concentration of Leading Enterprises and Rise of China

4.1. Global First Tier (International Giants, 45% Market Share in 2025)
e Jungbunzlauer (Austria): Global leader dominating pharmaceutical grade, 18% market share.
e Gadot Biochemical (Israel): Leading food-grade supplier dominating North America and Europe, 12% market share.
e Dr. Paul Lohmann (Germany): High-end pharmaceutical grade specialist, 8% market share.

¢ Sucroal, TIB Chemicals (Europe): Leading players in segmented fields.
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4.2. China Second Tier (Local Leading Enterprises, 32% Market Share in 2025)

e Penglai Ocean, Zhengzhou Ruipu, Chenguang Biotech, Kingdomway, Jiangsu Caiwei, Nantong Feiyu, Sugian Modern Biology.
¢ Competitive Advantages: Large production capacity, low cost, international-standard quality, complete certifications and flexible services. Its global market share will

break 45% by 2030.

4.3. Core Competition Focus (2026-2035)

e Technical Barriers: High purity (99.95%+), ultra-low heavy metal content ( < 0.5ppm), nano-encapsulation and green production processes.
e Cost Advantages: Industrial chain integration, intelligent production and scale effect, with cost 30%—40% lower than international giants.
e Compliance Certification: Full qualifications including FDA, EFSA, HALAL, KOSHER and FSSC 22000.

¢ Segmented Innovation: Pharmaceutical grade, infant special grade, sustained-release type, functional compound type, feed & pet special grade.

Development Trends (2026-2035)

5.1. High-end, Functional and Customized Product Upgrading

e The proportion of pharmaceutical/infant-grade products will rise from 35% in 2025 to 60% in 2035, with unit price increasing by 50%—100%.
e Specialized Products: High-dispersion type for beverages, high-stability type for baking, sustained-release type for health products, compound type (calcium-zinc /

zinc-vitamin C).

5.2. Green, Intelligent and Intensive Production Mode

e Process Upgrade: Enzymatic catalysis + continuous flow + membrane separation, realizing zero wastewater discharge, low energy consumption and high yield.
e Capacity Concentration: Leading enterprises expand production (single line 500—1,000 tons), small and medium-sized enterprises exit the market. CR5 will rise from

72% in 2025 to 85% in 2035.

5.3. In-depth Penetration of Application Scenarios

¢ Special Medical Food: Postoperative recovery, oncology nutrition, diabetes-specific formula, CAGR 7.5%.
e Pet Health: Pet health products, cat and dog food, CAGR 8.0%.

¢ Functional Daily Chemicals: Anti-hair loss shampoo, acne skincare products, upgraded oral care products, CAGR 6.5%.
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5.4. China’s Dominance in Global Supply Chain
e China takes the overall lead in production capacity, technology, cost and certification, transforming from "World Factory" to "Global Technology and Standard Leader".

e Export Expansion: Breakthrough in high-end markets (Europe and America), China’s global market share of Zine Citrate will exceed 50% by 2035.

6. Challenges and Risks

6.1. Raw Material Price Fluctuation: Price changes of zinc ingot and citric acid affect overall production cost.

6.2. Intensified International Competition: Capacity expansion, price war and upgraded technical barriers of international giants.

6.3. Impact of Alternative Technologies: Amino acid chelated zinc and yeast zinc penetrate high-end segmented markets (restricted by high cost and limited scale).

6.4. Toughening Standards: Continuous tightening of standards for heavy metals, microorganisms and solvent residues leads to rising compliance costs.

7. Summary of Future OQutlook (2026-2035)

With the irreplaceable strengths of high absorption, high safety, high stability, high cost-performance and full-scenario adaptability, Zinc Citrate has become the only
high-end product with both scale and growth momentum in the global zinc nutrition market. From 2026 to 2035, the market will expand steadily at a CAGR of 4.12%—5.85%,
reaching 3.73 billion US dollars by 2035. China will fully dominate the global supply chain, and local leading enterprises will achieve a leap from "following" to "leading"
relying on advantages in technology, cost and certification. Products will upgrade towards high-end, functional and green orientation, with applications penetrating deeply
from food and pharmaceuticals to special medical food, pet industry and daily chemicals, evolving into a core basic raw material of the global health industry.

Core Conclusion: Zinc Citrate is a premium product in the zinc nutrition sector, entering a golden development period from 2026 to 2035. It features high technical barriers,
huge market space and strong growth certainty, ranking among the most investment-worthy tracks in the fields of food additives, nutritional fortifiers and pharmaceutical raw

materials.




