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Analysis of Unique Properties of Zinc Citrate 

 

1. Physicochemical Characteristics 

As a food-grade organic zinc nutritional fortifier, Zinc Citrate features stable physicochemical properties and excellent processing adaptability. Its core characteristics are 

as follows: 

 

1.1 Physical and Chemical Form 

It appears as white crystals or crystalline powder, odorless, tasteless, with no visible impurities to the naked eye and excellent fluidity. According to water of crystallization 

content, it is divided into three specifications: Anhydrous (C₁₂H₁₀O₁₄Zn₃), Dihydrate (C₁₂H₁₀O₁₄Zn₃·2H₂O) and Trihydrate (C₁₂H₁₀O₁₄Zn₃·3H₂O). Among them, 

Trihydrate Zinc Citrate is the mainstream variety in the food industry due to better solubility and superior processing performance. It has a regular crystal structure and 

moderate bulk density, is not easy to absorb moisture and agglomerate, can be directly adapted to processing technologies such as powder blending, tableting and spray drying, 

and presents good dispersibility. 

 

1.2 Dissolution Properties 

Slightly soluble in pure water at normal temperature (25℃), with a solubility of approximately 3.60g/100mL for trihydrate; the solubility of anhydrate and dihydrate is slightly 

lower. It is easily soluble in dilute acids (such as hydrochloric acid, citric acid), weak acids and alkaline solutions. It can dissociate rapidly in the weak acid environment of 

human gastric juice (pH 1.5-3.5) and release zinc ions steadily, avoiding local acid-base irritation caused by instantaneous dissociation of inorganic zinc (such as zinc sulfate, 

zinc oxide). The dissolution process is mild and controllable. 

 

1.3 Stability Performance 

It possesses stable chemical properties under normal temperature and pressure, and is not prone to oxidation, discoloration or decomposition reactions, with no obvious 

deterioration after contact with air and moisture. It has excellent thermal stability: it gradually loses water of crystallization at 100℃, and molecular structure decomposition 
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occurs only when the temperature rises above 200℃. It can withstand common food processing technologies such as baking, high-temperature sterilization and extrusion 

(temperature generally ≤180℃), with zinc element loss rate ≤5% during processing, outperforming most organic and inorganic zinc sources. 

 

1.4 Molecular Structural Characteristics 

It is a typical organic chelated zinc. In its molecular structure, carboxyl and hydroxyl groups of citric acid form a stable cyclic chelation system with zinc ions through 

coordinate bonds, with a moderate binding constant. This not only ensures molecular stability during processing but also enables on-demand dissociation in the human intestinal 

tract, avoiding absorption barriers caused by overly stable molecular structure, and effectively reducing the risk of antagonistic reactions with other substances. 

 

2. Functional Characteristics 

With its unique chelated structure, Zinc Citrate has remarkable advantages in nutritional fortification, physiological efficacy and application adaptability. Its core functional 

characteristics are as follows: 

 

2.1 High Bioavailability 

Compared with inorganic zinc such as zinc sulfate and zinc oxide, the chelated structure of Zinc Citrate can effectively avoid interference from anti-nutritional factors (such 

as phytic acid, oxalic acid, phosphoric acid) in the intestinal tract and prevent zinc ions from forming insoluble precipitates with the above substances. Its zinc ions can be 

directly absorbed by intestinal mucosal cells through active transport or passive diffusion without complex dissociation processes. The human absorption utilization rate 

reaches more than 60%, an increase of 30%-50% compared with inorganic zinc, enabling more efficient supplementation of zinc required by the body. 

 

2.2 Low Gastrointestinal Irritation 

The product is neutral with a pH value close to human body fluids and will not change the acid-base balance in the gastrointestinal tract. Moreover, chelated zinc ions dissociate 

gently and will not cause irritating damage to the gastrointestinal mucosa. Unlike inorganic zinc which easily causes adverse reactions such as heartburn, bloating, nausea and 

diarrhea, Zinc Citrate has excellent gastrointestinal tolerance. It is widely suitable for special groups including infants, the elderly, people with sensitive gastrointestinal tracts 

and diabetic patients, and is ideal for long-term regular supplementation. 
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2.3 Precise Nutritional Fortification 

The zinc content of Zinc Citrate is stable and controllable, with a theoretical content of 31.3%-34.0% on a dry basis, and the batch-to-batch content difference in actual 

production is ≤1.0%. It complies with GB 1903.49-2020 National Food Safety Standard - Food Nutritional Fortifier: Zinc Citrate and GB 14880-2012 National Food 

Safety Standard - Standard for Use of Food Nutritional Fortifiers. It features good content uniformity, can accurately match the formula design requirements of various 

foods, facilitates industrial quantitative addition, and ensures the zinc content of finished products meets standard specifications. 

 

2.4 Strong Compatibility 

It has good compatibility with common components in food systems including proteins, vitamins (such as Vitamin C, Vitamin D), minerals (such as calcium, iron, magnesium), 

dietary fiber and food additives (such as sweeteners, emulsifiers), without flocculation, precipitation, discoloration or degradation of active ingredients. It can be widely applied 

in formulated milk, milk powder, cereal products, solid beverages, health foods, chewable tablets and other food categories, with far better adaptability than inorganic zinc 

and other organic zinc varieties. 

 

3. Core Unique Properties 

The core advantage of Zinc Citrate distinguishing it from other zinc sources lies in the comprehensive performance improvement brought by its chelated structure, balancing 

nutrition, safety and processing adaptability, as detailed below: 

 

3.1 Chelated Sustained Release for Long-term Zinc Supplementation 

The unique cyclic chelated structure endows it with sustained-release properties. After entering the human body, zinc ions will not dissociate in large quantities instantaneously, 

but release slowly in the intestinal tract with the gradual breakage of chelating bonds for continuous absorption and utilization by the body. This sustained-release effect avoids 

metabolic loss caused by excessive zinc ion concentration, maintains stable zinc levels in the body, and realizes long-term and balanced zinc supplementation. Compared with 

ordinary zinc sources, its zinc supplementation effect is more durable and stable. 
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3.2 Strong Anti-antagonism for Convenient Supplementation 

Its chelated structure can effectively resist the adsorption and solidification of zinc ions by phytic acid (high content in cereals and beans) and oxalic acid (high content in 

vegetables) in daily diets, reducing the impact of dietary structure on zinc absorption. It maintains high absorption efficiency whether taken on an empty stomach or with 

meals, with no need to deliberately avoid high-phytic acid and high-oxalic acid ingredients, greatly improving the convenience of daily zinc supplementation and suitable for 

daily consumption by all groups. 

 

3.3 Non-toxic and Safe with Wide Applicability 

Produced in strict accordance with GB 1903.49-2020, it implements strict limit control on heavy metals (Lead ≤5.0mg/kg, Total Arsenic ≤2.0mg/kg, Cadmium ≤5.0mg/kg), 

microorganisms and hydrochloric acid insoluble substances, meeting food-grade safety requirements. At normal compliant dosage, it has no cumulative toxicity, no allergy 

risk and no obvious toxic and side effects. It is the preferred zinc source for infant formula foods and maternal special foods, covering all age groups. 

 

3.4 Wide Process Adaptability with Low Processing Loss 

It integrates multiple advantages including good powder fluidity, moisture resistance, high temperature resistance and controllable solubility, adapting to full-category food 

production processes such as wet blending, dry tableting, spray drying and high-temperature extrusion sterilization. It is not easy to agglomerate or degrade during processing 

with low zinc loss rate, and will not adversely affect the taste, color and stability of finished products, significantly reducing production loss and improving product yield. 

 

3.5 Comprehensive Physiological Activity with High Nutritional Value 

In addition to the core function of zinc supplementation, Zinc Citrate collaboratively participates in various human physiological processes: promoting proliferation and 

activity of immune cells to enhance body immunity; participating in synthesis and activation of various enzymes to regulate glucose and lipid metabolism as well as protein 

synthesis; assisting growth and development of infants and adolescents, improving appetite and promoting intellectual development; meanwhile, it has a certain auxiliary 

effect on maintaining skin health and protecting eyesight. Its comprehensive physiological activity is far superior to inorganic zinc which only provides single zinc 

supplementation. 
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4. Summary of Core Unique Properties 

Combined with the above performances, as a high-quality organic zinc source, the core advantages of Zinc Citrate can be summarized into five major aspects, distinguishing 

it from traditional zinc sources and highlighting its irreplaceability: 

 

4.1 High Zinc Content and Cost Optimization 

The theoretical zinc content on a dry basis reaches 31.3%-34.0%, 2-3 times higher than most organic zinc (such as zinc gluconate with zinc content of about 10%). It achieves 

low addition and high zinc supplementation, greatly reducing raw material dosage, saving formula space and production costs, and serving as the preferred zinc source for 

large-scale industrial production of food and health products. 

 

4.2 Ultra-stable Physicochemical Properties with Obvious Shelf Life Advantages 

It is moisture-proof, oxidation-resistant, discoloration-resistant and non-agglomerating at room temperature, with excellent thermal stability to withstand extreme conditions 

of various food processing. It can significantly extend the shelf life of terminal products, reduce loss during storage and transportation, and improve product circulation stability. 

 

4.3 Mild and Low Irritation Suitable for All Crowds 

With neutral and mild characteristics and no gastrointestinal irritation, it can neutralize part of gastric acid and relieve gastrointestinal discomfort, achieving dual effects of 

zinc supplementation and stomach protection. It adapts to infants, pregnant and lying-in women, the elderly, people with sensitive gastrointestinal tracts, diabetic patients and 

other groups with no usage restrictions. 

 

4.4 Integrated Multi-functions with Strong Formula Adaptability 

It integrates nutritional fortification (zinc supplementation), quality improvement (enhancing powder fluidity and anti-caking), pH regulation and high compatibility into one, 

simplifying product formulas and reducing the types of additives. It adapts to complex production processes such as solid, semi-solid, baking and sterilization, broadening the 

boundary of formula design. 
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4.5 Global Compliance with Universal Application 

It complies with China's GB 1903.49-2020, GB 14880-2012, as well as mainstream global food safety standards of the United States, the European Union, Japan and other 

regions, with no technical barriers for domestic sales and export. It covers full fields including food, medicine, health products and pet nutrition. 

 

5. Commercial Value 

5.1 Extreme Cost Control to Improve Product Gross Profit 

The high zinc content reduces raw material dosage by more than 50% compared with ordinary organic zinc, directly cutting raw material procurement costs. Meanwhile, its 

good fluidity and anti-caking performance reduce the dosage of auxiliary materials such as anticaking agents and glidants, simplify production procedures, further lower 

comprehensive production costs and significantly increase the gross profit margin of terminal products. 

 

5.2 Quality Upgrade to Enhance Market Competitiveness 

Relying on its advantages of high stability, low irritation and no peculiar smell, it can improve the color, texture and edible experience of terminal products, extend shelf life, 

build a high-end, safe and stable product image, and help enterprises form differentiated competitive advantages among similar products. 

 

5.3 Simplified Formula to Improve Production Efficiency 

Its integrated multi-functional feature reduces the types and dosage of additives in the formula, lowering the difficulty of formula research and development as well as batching 

complexity in production. Meanwhile, its excellent processing adaptability reduces problems such as agglomeration and degradation during production, improving production 

efficiency and product yield. 

 

5.4 Safety and Compliance to Reduce Market Risks 

It has a mature application history and complete toxicological data, complies with mainstream global standards with no safety disputes and adapts to all crowds. It can 

effectively avoid product compliance risks and safety complaints, ensure the stability of enterprise market operation, and is suitable for long-term large-scale promotion. 
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6. Target Application Market 

Based on its comprehensive performance and commercial value, Zinc Citrate is widely used in multiple fields, with specific target markets as follows: 

6.1 Nutritionally Fortified Foods 

Formulated milk, formula milk powder, breakfast cereals, nutritional oatmeal, biscuits, noodles, etc. It can efficiently supplement zinc elements, improve product fluidity and 

anti-caking performance, balance nutrition and quality with obvious cost advantages. 

6.2 Solid Beverages and Milk Powder 

Protein powder, soybean milk powder, meal replacement powder, infant formula milk powder, etc. It solves the problems of easy agglomeration, poor solubility and peculiar 

smell of ordinary zinc sources, improves product reconstitution performance and edible experience, and meets the needs of various groups. 

6.3 Pharmaceutical and Health Care Field 

Zinc supplements, compound mineral tablets, chewable tablets, oral liquids, etc. With the advantages of high bioavailability and low irritation, it is suitable for long-term 

administration, especially for people with sensitive gastrointestinal tracts and groups in special physiological stages (pregnant women, infants). 

6.4 Pet Nutrition Field 

Dog food, cat food, pet nutritional paste, etc. It can efficiently supplement zinc required by pets, assist pet bone development and hair health, is mild and non-irritating to adapt 

to the gastrointestinal characteristics of various pets, and is cost-effective. 

6.5 Other Fields 

It can be used in cosmetics (such as skin care and hair care products) to assist in improving skin condition and nourishing hair; it can also be applied to feed additives to 

provide zinc nutrition supplementation for livestock and poultry breeding and improve breeding benefits. 

Conclusion 

With five core properties of high zinc content, ultra-stable physicochemical properties, mild low irritation, integrated multi-functions and global compliance, Zinc 

Citrate has become a benchmark product among organic zinc sources. It perfectly solves the industry pain points of traditional zinc sources (strong irritation of inorganic zinc, 

low content and high cost of ordinary organic zinc), and has triple values of nutritional fortification, quality improvement and cost optimization. Adaptable to all crowds, all 

processes and all fields, it is an indispensable and irreplaceable high-quality core raw material in food industry, pharmaceutical health care, pet nutrition and other fields, with 

broad commercial application prospects. 


