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Safety Assessment, Product Application and Recommended Dosage of Ferric Pyrophosphate

Overview

Ferric Pyrophosphate (CAS: 10058-44-3) is an efficient trivalent iron nutritional fortifier produced from sodium pyrophosphate, ferrous sulfate or ferric trichloride as main
raw materials through synthetic reaction, filtration and washing, concentration and drying, refining and sieving. Its molecular formula is \(\ce {Fe4(P207)3-nH20}\). It appears
as an off-white to brownish-yellow uniform powder, odorless with a slight faint iron taste. It features slight water solubility, high temperature resistance, wide pH tolerance,
anti-oxidation property, no catalysis of oil deterioration, high iron bioavailability and extremely low gastrointestinal irritation. The effective iron content is stably maintained
at 24.0%~26.0%.

It has been included in the national standard system of GB 1903.16-2016 and GB 14880-2012, and has obtained safety recognition from international authoritative institutions
including U.S. FDA GRAS, EU EFSA, JECFA and Codex Alimentarius Commission. It boasts complete toxicological data, a sound compliance system and strong process
adaptability. It can fully replace traditional divalent iron sources such as ferrous sulfate and ferrous fumarate, solving industry pain points including heavy iron odor, easy
discoloration, oxidation, gastrointestinal irritation and poor compatibility. Widely applied in infant formula food, dairy products, grain baking, solid beverages, health food,
food for special medical purposes, condiments, feed and pet food, it is a benchmark raw material for global iron nutritional fortification with safety, stability, high efficiency

and clean label attributes.

I. Safety Assessment of Ferric Pyrophosphate

(I) Conclusions of Toxicological Tests

1. Acute Toxicity

Acute oral toxicity tests on rats and mice were carried out in accordance with GB 15193 Procedures and Methods for Toxicological Evaluation of Food Safety. The LDso of
ferric pyrophosphate is > 2000mg/kg-bw, classified as a low-toxic raw material. The conventional fortification dosage in food is far below the poisoning threshold. No death
or obvious toxic symptoms were observed in test animals, with no abnormalities in food intake, behavior, weight gain and organ anatomy. There is no risk of acute poisoning

from daily compliant intake.
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2. Subchronic and Chronic Toxicity

A 90-day subchronic feeding test and a 12-month long-term chronic toxicity test on rats confirmed that under continuous high-dose intake, there were no statistically significant
differences in blood routine, blood biochemistry, liver and kidney function and organ coefficients of experimental animals, with no organic organ damage or in-vivo cumulative
toxicity. NOAEL (No Observed Adverse Effect Level) is much higher than the daily human fortification intake. Long-term consumption at national standard doses is safe

and reliable without liver and kidney metabolic burden or iron overload risks.

3. Genotoxicity and Carcinogenicity
The results of Ames test, mouse bone marrow micronucleus test and chromosome aberration test are all negative, showing no mutagenicity, chromosome damage or teratogenic
effects. Long-term lifelong feeding carcinogenicity tests on animals showed no increase in tumor incidence. Authoritative institutions unanimously confirm it has no potential

carcinogenic risk and fully meets the safety access standards for food nutritional fortifiers.

4. Reproductive and Developmental Toxicity

Reproductive breeding and embryonic developmental toxicity tests show that ferric pyrophosphate at compliant doses has no adverse effects on the reproductive function,
embryo implantation, fetal development and offspring growth of experimental animals, with no stillbirth, malformation or growth retardation. Pregnant women, lactating
mothers, infants, the elderly and people with sensitive gastrointestinal tracts can safely consume it within the recommended national standard doses. Only occasional transient

intestinal adaptive reactions such as mild abdominal distension and loose stools may occur with short-term excessive intake, without irreversible physiological damage.

(IT) Control of Risk Substances and Limits
1. Core Physical and Chemical Index Control (Food Grade / Medical Grade)
e Iron Content: 24.0%~26.0%
e Moisture: <5.0%
e Ignition Residue: Compliant with the limited range of national standards
e pH (10g/L Suspension): 5.0~7.5
o Stability: Stable at 180°C; no decomposition or precipitation in the pH range of 2.5~9.0
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2. Limits of Heavy Metals and Harmful Elements
e Lead (Pb): <4.0mg/kg
e Total Arsenic (As): <3.0mg/kg
e Cadmium (Cd): <0.5mg/kg
e Total Mercury (Hg): <0.1mg/kg
All heavy metal indicators are stricter than national standard limits. The medical grade can further tighten to higher internal control standards, adapting to high-end scenarios

of food for special medical purposes and infant formula.

3. Microbial Indicators
o Total Aerobic Plate Count: <5x10* CFU/g
e Coliforms: <0.3 MPN/g
¢ Molds and Yeasts: <50 CFU/g
¢ Salmonella and Staphylococcus Aureus: Not detected in 0/25g
e Free of pathogenic bacteria and thermostable spore contamination, meeting hygienic requirements for food, infant formula and food for special medical purposes

grades.

4. Allergenicity and Irritation
As an inorganic mineral fortifier, ferric pyrophosphate contains no plant protein allergens and has no allergenic properties. It causes no irritation or corrosive damage to human
oral and gastrointestinal mucosa. Different from traditional divalent iron, it does not release free ferrous ions to stimulate the intestinal tract, hardly causing discomforts such

as constipation, nausea and vomiting, and exhibits excellent tolerance for people with sensitive constitutions.

(IIT) Safety Conclusions by Authoritative Institutions
e China: Listed in GB 14880-2012 Standard for the Use of Food Nutritional Fortifiers and implemented the special national standard GB 1903.16-2016; allowed for
fortified use in various foods within specified limits; included in the raw material catalogue of health food nutrient supplements.

o United States: FDA GRAS certified (GRN 141), officially recognized as safe in 1994, applicable to ordinary food, infant formula and dietary supplements.
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e European Union: Approved for safety by EFSA with unrestricted ADI value, permitted for addition in all food categories.
¢ FAO/WHO (JECFA/Codex): Passed toxicological data review, recognized for high safety, recommended as a globally universal iron nutritional fortifier.

e Japan, Korea, Australia and New Zealand: Listed in the positive list of food additives, approved for compliant application in food, health food and export food.

I1. Product Application of Ferric Pyrophosphate
This section systematically elaborates on the core advantages, functional mechanism, application scenarios, formula compatibility suggestions and core market selling points
of ferric pyrophosphate, conforming to the actual production of food, health products, food for special medical purposes, condiments, feed and pet industries, balancing

professional theories and practical implementation.

(I) Core Values

Different from traditional iron sources such as ferrous sulfate and ferrous fumarate, ferric pyrophosphate has eight core values: no iron odor, light color without affecting
product appearance; high temperature, acid and alkali resistance with strong process compatibility; sustained-release absorption and high bioavailability; low gastrointestinal
irritation suitable for all crowds; anti-oxidation without catalyzing oil rancidity; clean label attribute with no negative sensory interference; compliant in many global regions

with barrier-free export; low dosage and high efficiency with controllable addition cost, making it the preferred raw material for high-end iron fortification formulas.

(IT) Functional Mechanism

1. Iron Supplementation and Anemia Improvement: Exists in the form of sustained-release trivalent iron, gradually dissociated and absorbed in the intestinal tract to
supplement body iron reserves, enhance hemoglobin synthesis, effectively improve nutritional iron deficiency anemia and relieve symptoms such as dizziness, fatigue
and pale complexion.

2. Low-Irritation Sustained-Release Mechanism: Does not release free ferrous ions instantaneously, avoiding sudden changes in intestinal osmotic pressure and mucosal
irritation, greatly reducing the incidence of adverse reactions such as constipation, abdominal distension and nausea.

3. System Stability Mechanism: Stable molecular structure, not easy to complex, precipitate, oxidize or discolor in high-temperature, acid-base, high-salt and high-
protein systems, without damaging the original flavor, color and shelf stability of products.

4. Nutritional Synergy Mechanism: Compound blending with vitamin C, folic acid and vitamin B12 can significantly improve iron conversion rate, synergistically

promote erythropoiesis and strengthen iron supplementation efficacy.
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(III) Application Scenarios

1. Infant Formula and Complementary Food Field
Suitable for infant formula milk powder, grain complementary food, nutrition packs and infant snacks for 0~36 months old; featured by safety and low irritation, no iron odor
and high-temperature process stability, conforming to breast milk-based formula design, serving as the standard iron source for high-end infant formula.

2. Dairy and Fermented Milk Field
Applied to modified milk powder, pasteurized milk, yogurt, cheese and milk beverages; strong acid resistance, no damage to probiotics, no browning and precipitation,
maintaining pure milk flavor and taste of dairy products.

3. Grain and Baked Food Field
Applicable to oatmeal, wheat flour, rice flour, biscuits, cakes and puffed grains; tolerant to high-temperature processes such as baking, extrusion puffing and spray drying, no
color fading or rancidity during storage.

4. Solid Beverage, Meal Replacement and Sports Nutrition Field
Used in protein powder, meal replacement powder, sports nutrition powder and nutrient solid granules; good compatibility with protein and vitamins, no precipitation or
peculiar smell after brewing, meeting iron supplementation needs of fitness, fat loss and office workers.

5. Health Food Field
Applied to iron supplement tablets, iron and folic acid compound tablets, multi-vitamin and mineral capsules and oral liquids; suitable for blue-collar registration, high
absorption and low compliance barriers, ideal for pregnant women, middle-aged and elderly people and women with anemia.

6. Food for Special Medical Purposes
Used in full-nutrition formula powder for postoperative rehabilitation, tumor nutrition, digestive disorders and senile debilitation; medical-grade safety, sterility and stability,
compatible with tube feeding and high-temperature sterilization with good clinical tolerance.

7. Daily Fortification of Condiments
Focusing on invisible daily iron supplementation, applied to light soy sauce, brewed vinegar, compound sauces and edible salt; tolerant to high-salt and brewing fermentation
environments, no blackening and no masking of sauce flavor.

8. Feed and Pet Food Field
Covers livestock and poultry compound feed, aquatic compound feed, dog and cat staple food and snacks; improves iron deficiency anemia in animals, promotes growth and

development, enhances immunity, no stress response and no impact on feeding palatability.
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(IV) Formula Compatibility Suggestions

1. Infant Formula / Food for Special Medical Purposes
Select food-grade high-purity ferric pyrophosphate, compound with whey protein, lactose, DHA, ARA and vitamin C; strictly control the addition ratio, avoid excessive
compatibility with high-concentration phytic acid and calcium to ensure iron absorption efficiency.

2. Dairy Products / Fermented Milk
Add at low temperature after fermentation is completed, match with vitamin C to synergistically promote absorption; control the system pH at 4.0~7.0 to avoid long-term
storage in strong acid environments.

3. Grain and Baked Food
Can be directly mixed into powder materials, tolerant to short-term high temperature of 160~180°C; evenly blended with dietary fiber and grain base without secondary
deployment in the later stage.

4. Solid Beverage / Meal Replacement Powder
Premix and dilute with vitamins and trace elements first, then blend with protein base; avoid direct high-concentration contact to prevent local agglomeration and ensure
uniform brewing.

S. Health Food Tablets
Compound with folic acid, VB12 and VC, matched with microcrystalline cellulose and magnesium stearate as auxiliary materials; adopt film coating to avoid light and improve
shelf stability.

6. Condiments
Add before sterilization in the later stage of brewing, match with a small amount of vitamin C to promote human absorption, without affecting the original color, sauce flavor

and shelf life of soy sauce.

(V) Market Selling Points
1. OQOutstanding Sensory Advantages: No iron odor and light color, without damaging the original color and flavor of products, solving pain points of traditional iron
agents such as darkening, fishy odor and deteriorated taste.
2. All-Round Process Adaptability: Resistant to high temperature, acid and alkali, high salt, refrigeration and sterilization, compatible with full processes including

spray drying, baking, fermentation and extrusion puffing.
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3. Full Coverage of Safe Crowds: Suitable for infants, pregnant women, the elderly, people with sensitive gastrointestinal tracts and postoperative crowds with an
extremely low adverse reaction rate.

4. Barrier-Free Global Compliance: Multiple certifications of national standards + FDA + EFSA + JECFA, compliant for domestic sales and universally applicable
for global export.

5. High Added Value with Clean Label: Natural mineral fortification without redundant auxiliary materials, conforming to the consumption trend of clean label and
high-end health food.

6. Low Dosage, High Efficiency and Cost-Effective: Low addition amount with obvious synergistic effect, premium pricing achievable for terminal products and

controllable comprehensive use cost of raw materials.

II1. Recommended Dosage by Application Field
Based on food-grade ferric pyrophosphate complying with GB 1903.16-2016 and GB 14880-2012, classified by application field, the compliant addition range calculated as
elemental iron and recommended process dosage are marked respectively, strictly following national standard limits while balancing safety and functionality.
(I) Infant Formula and Complementary Food Field
¢ Infant Formula Milk Powder (0~36 Months): 0.25~0.5 mg/100kJ
e Infant Grain Complementary Food & Nutrition Packs: 6.0~10.0 mg/100g (calculated as iron)
e Preschool Children Formula Food: Precisely matched according to the daily recommended nutrient intake of 4.0~8.0mg/day
(II) Dairy Product Field
e Modified Milk Powder: 60~200 mg/kg (calculated as iron)
¢ Fermented Milk & Flavored Yogurt: 0.5~2.0 mg/100g (calculated as iron)
e Liquid Sterilized Milk & Milk Beverages: 10~20 mg/kg (calculated as iron)
(IIT) Grain and Baked Food Field
e  Wheat Flour, Rice Flour & Mixed Grain Powder: 14~26 mg/kg (calculated as iron)
¢ Instant Oatmeal & Grain Cereal: 8.0~12.0 mg/100g (calculated as iron)
e Biscuits, Cakes & Puffed Baked Food: 4.0~8.0 mg/100g (calculated as iron)
(IV) Solid Beverage, Meal Replacement and Sports Nutrition Field
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e Solid Beverages & Meal Replacement Powder: 11~22 mg/100g (calculated as iron)

e Sports Protein Powder & Nutrient Granules: Moderate internal control according to formula requirements, not exceeding the upper limit of national standards

e Liquid Functional Beverages: 5.0~10.0 mg/100ml (calculated as iron)
(V) Health Food Field

e  Adult Iron Supplement Preparations: Daily elemental iron intake of 10~20 mg/day

e Special Formula for Pregnant & Lactating Women: Daily elemental iron of 15~20 mg/day

e  Children's Health Food: Daily elemental iron of 5.0~10.0 mg/day

¢ Single Tablet/Capsule: Ferric pyrophosphate dosage of 150~200mg/tablet, proportioned as required
(VD) Food for Special Medical Purposes

o Full-Nutrition FSMP Powder: Ferric pyrophosphate dosage of 0.09%~0.12%

¢ Elemental Iron Control: 10~20 mg/100g, meeting nutritional needs of postoperative, elderly and digestive disorder crowds
(VII) Condiment Field

e Brewed Soy Sauce & Compound Sauces: 10~30 mg/100ml (calculated as iron)

¢ Daily Consumption Adaptation: 2~3mg iron per 15ml soy sauce; 30ml daily intake can meet 40%~60% of adult iron demand
(VIII) Feed and Pet Food Field

e Livestock and Poultry Compound Feed: 30~80 mg/kg

e Aquatic Feed: 40~60 mg/kg

e Dog & Cat Staple Food & Pet Snacks: 50~100 mg/kg

IV. Application Precautions and Quality Control
(I) Raw Material Quality Standards
e Appearance: Uniform off-white powder, no caking, impurities or peculiar smell;
e  Content: Iron 24.0%~26.0%, stable and uniform batch indicators;
e Safety: Heavy metals and microorganisms strictly compliant with national standards, no exogenous pollution;

e Properties: Good suspendability, not easy to stratify or precipitate rapidly, compatible with various food systems.
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(IT) Processing and Compatibility Taboos
e Temperature: Tolerant to short-term high temperature of 180°C; long-term exposure over 200°C easily affects system stability;
e pH Adaptation: Optimal stable pH range 2.5~9.0, avoid long-term contact with extremely strong acid and alkali;
e Recommended Compatibility: Synergistic efficacy with vitamin C, folic acid, VB12 and zinc;
e Compatibility Avoidance: Avoid high-proportion compounding with ultra-high concentration phytic acid and excessive calcium carbonate in the same system to
prevent inhibition of iron absorption.
(IIT) Production and Usage Suggestions
e Premix and dilute powder products first before large-scale feeding to ensure uniform mixing;
e [tis recommended to add liquid beverages and fermented milk at the later low-temperature stage to reduce process disturbance;
o  Strictly implement the limits of GB 14880, no over-range or over-limit use allowed.
(IV) Storage Conditions
Seal and store in a cool, dry, ventilated and dark place at room temperature <25°C, moisture-proof, anti-caking and anti-odor cross-contamination; shelf life of 24 months

unopened; seal tightly for moisture protection after opening and use up as soon as possible.

V. Summary

Ferric pyrophosphate has sufficient toxicological evidence and multiple safety certifications from authoritative institutions, featuring low toxicity, no teratogenic or mutagenic
risks, no reproductive and developmental hazards and low gastrointestinal irritation. People of all age groups and special crowds can safely use it within national standard
doses. It has five core advantages including excellent sensory performance, stable processability, high absorption rate, full compliance and wide adaptability, perfectly solving
industry pain points of traditional divalent iron sources such as heavy fishy odor, easy discoloration, oxidation, strong irritation and poor compatibility.

Its application covers the entire industrial chain including infant formula food, dairy products, grain baking, solid beverages, health food, food for special medical purposes,
condiments, feed and pet food. The recommended dosage in various fields is strictly formulated in accordance with GB 14880 and international general standards, authoritative
and accurate for direct formula implementation.

Under the industry trend of clean label, high-end nutritional fortification and export compliance, ferric pyrophosphate has become the preferred iron nutritional fortification
raw material to replace traditional iron agents, upgrade product quality, create differentiated selling points and realize brand premium, with prominent industrial application

prospects and market value.




