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Analysis of Unique Properties of Quinoa Flakes

Quinoa flakes (Chenopodium quinoa Willd.) are pseudo-cereal full-nutrition products manufactured via standardized processes including cleaning, dehulling, curing, flaking,
drying and sterilization. Their property system is divided into three major sections: physical and chemical basis, health functions and exclusive characteristics, with interrelated
components and efficacy across all sections. Following the scientific logic of fundamental physical-chemical properties - core functions - distinctive traits, this paper
systematically analyzes the differentiated properties of quinoa flakes based on domestic and international cereal academic researches and national standards, highlighting its

scarce value and unique advantages among coarse cereals.

I . Fundamental Physical and Chemical Characteristics (Performance Foundation)
Physical and chemical characteristics serve as the material premise for functional release and trait presentation of quinoa flakes, covering sensory features, physicochemical
indicators and physical properties. All parameters comply with GB/T 41435 Quinoa and judging standards set by International Association for Cereal Science and Technology
(ICC). Details are as follows:

1. Sensory Characteristics (Intuitive Reflection of Natural Quality)

e Morphological Structure
Light and thin oval flakes with thickness ranging from 0.2~1.2 mm and single piece size of 3~12 mm. Regular and full shape with extremely low proportion of fragments and
powder residues. Distinct layered microstructure completely retains original structures of quinoa embryo, cotyledon and seed coat. The loose porous structure creates favorable
conditions for water absorption, swelling and nutrient dissolution.

e Color and Odor
Natural base colors include milky white, pale yellow and light red with even and mild hue and matte natural texture, free of blackening, mildew and scorch discoloration. It
carries an elegant and unique cereal fragrance without sour, rancid, moldy or foreign odors. The delicate pure aroma derives from natural quinoa polyphenols and unsaturated

lipids.
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o Taste
Boiled flakes taste dense, soft and smooth with no coarse residues and slight chewy texture. Instant flakes fully rehydrate within 2~4 minutes in warm water with mild palatable

taste. Dry flakes taste crisp and fragrant without sandy foreign feel. Taste performance is directly associated with starch gelatinization degree and saponin removal rate.

2. Core Physicochemical Indicators (Key Parameters of Nutrition and Quality)
Data are based on 100g first-grade dried quinoa flakes, referring to Chinese Food Composition Table and special scientific literatures on South American quinoa.

e  Moisture Content
7.0%~9.5% with favorable balanced moisture stability and water activity <0.60. It effectively inhibits miscellaneous bacteria reproduction, prolongs storage shelf life and
imposes no adverse impact on rehydration and deep processing adaptability.

e Protein Composition
Content reaches 13.5%~17.5%, far higher than conventional coarse cereals such as rice, corn and millet. Its amino acid profile fits human physiological demands with Amino
Acid Score (AAS) up to 90. It contains all 9 essential amino acids, featuring prominent lysine and histidine contents to compensate amino acid deficiencies of common cereals.
Dominated by albumin and globulin, the protein boasts high solubility and human digestibility of 88%~92% for easy absorption and utilization.

e Lipids
Lipid content stands at 5.0%~8.5%, mostly unsaturated fatty acids wherein linoleic acid and linolenic acid account for over 85% of total unsaturated lipids. Rich in natural
plant sterols and phospholipids with zero cholesterol content. Natural saponins are eliminated during processing to eliminate bitter taste. Lipids maintain stable properties and
resist oxidation deterioration at room temperature.

e Carbohydrates
Total carbohydrate content ranges from 58.0%~68.0%, including 52%~62% starch and 11%~18% dietary fiber. Fine starch granules with low crystallinity and moderate
amylose content resist retrogradation. Soluble dietary fiber accounts for more than 55% of total fiber, abundant in polysaccharide active substances with satiety and
physiological regulation effects.

e Minerals and Vitamins

Rich in potassium, magnesium, calcium, iron, zinc, selenium and other trace elements. Calcium content exceeds most cereals, and iron and zinc deliver outstanding dietary
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supplementation value. It contains complete B vitamins, vitamin C, vitamin E and folic acid with natural retention rate above 90% and no synthetic additives, conforming to
standards of natural full-nutrition food materials.

¢ Glycemic Related Indicators
Glycemic Index (GI) ranges 45~53, classified as low-GI food far below refined rice and flour. Glycemic Load (GL) is less than 8, ensuring steady blood sugar fluctuation after

meals and suitable as staple food substitute for blood sugar management crowds.

3. Key Physical Properties (Core of Processing and Edible Performance)

e  Water Absorption and Swelling Capacity
Natural polysaccharide and fiber structures endow excellent water absorption capacity. Fully rehydrated flakes expand 8~12 times in volume and form mild colloidal system.
The system viscosity reaches 600~2200 mPa-s under 25°C and 10% concentration, forming soft taste and supporting satiety and slow nutrient absorption.

o Thermal Stability and Processing Adaptability
Wide temperature resistance range. Curing treatment at 95~115°C for 5~12 minutes inactivates endogenous enzymes while maximally retaining active nutrients including
amino acids, polyphenols and saponin derivatives. The porous flake structure enables fast rehydration. Instant and quick-cook types adapt to diversified processing scenarios
such as breakfast meal replacement, pastry baking and coarse cereal diets.

e Anti-retrogradation Property
Loose starch molecular structure wrapped by dietary fiber remarkably slows down starch recrystallization. Cooked flakes hardly harden and retrograde, maintaining soft taste

for long time with better edible stability than rice and glutinous rice.

II . Core Functional Characteristics (Nutritional and Health Value)
Health benefits of quinoa flakes rely on unique material composition. Complete protein, compound dietary fiber, multiple polyphenols and rare amino acids serve as core
functional substances. Verified by multiple clinical trials, these ingredients deliver definite health-preserving effects and cooperate mutually to form a comprehensive nutritional

and healthy system.
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1. Blood Sugar Stabilization Effect (Suitable for People with Abnormal Blood Sugar)
It functions via isolation mechanism of soluble fiber colloid to delay digestive absorption:
e Dietary fiber forms protective colloid upon water contact, slowing gastric emptying, wrapping starch molecules, reducing amylase decomposition efficiency and
restraining intestinal glucose absorption to avoid sharp postprandial blood sugar surge.
e Regular long-term consumption optimizes glycometabolism efficiency, improves cellular glucose utilization and relieves insulin metabolic burden, assisting steady
fasting blood sugar and glycated index control.
¢ Dual low-GI and low-GL properties enable direct replacement of refined staple food, lowering risks of drastic blood sugar fluctuation and fitting daily diet of diabetic

patients and people with impaired glucose tolerance.

2. Blood Lipid Regulation and Cardiovascular Protection (Natural Healthy Diet)

¢ Blood Lipid Optimization
Active polysaccharides bind excess intestinal bile acid to promote lipid metabolism and excretion and reduce internal cholesterol accumulation. Moderate long-term intake
steadily decreases total cholesterol and low-density lipoprotein while maintaining healthy level of beneficial lipoprotein.

e Cardiovascular Protection
Natural antioxidant polyphenols inhibit release of vascular inflammatory factors and reduce lipid deposition risk inside blood vessels. High-potassium and low-sodium
composition facilitates sodium excretion and blood pressure regulation. Magnesium and calcium jointly maintain vascular smooth muscle elasticity and reduce cardiovascular

and cerebrovascular disease risks.

3. Intestinal Microecology Regulation (Intestine Moistening, Stomach Protection and Flora Balance)
e Intestine Moistening and Digestion Promotion
Insoluble dietary fiber expands intestinal content volume, accelerates intestinal peristalsis, shortens retention time of metabolic waste, mildly relieves constipation and reduces

intestinal metabolic discomfort risks.
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e Probiotic Regulation Effect
Soluble polysaccharides act as nutrient substrates for beneficial intestinal bacteria, boosting proliferation of bifidobacteria and lactic acid bacteria and diversifying flora

structure. It inhibits harmful bacteria colonization, stabilizes intestinal mucosal barrier and maintains digestive system balance.

4. Weight Management Effect (Long-lasting Satiety and Low-burden Diet)
e  Water absorption and stomach filling prolong satiety duration by 3~5 hours, naturally curbing appetite and excessive calorie intake.
e Higher nutritional density per unit calorie with about 370 kcal per 100g dry product. Under equal calorie intake, it contains more protein, minerals and fiber than

refined staple food, supplementing comprehensive nutrition while controlling calorie and preventing redundant fat accumulation.

5. Full Nutrition Supply and Antioxidant Defense (Balanced Nutrition Benchmark)

e Complete Protein Supplementation
Containing all essential amino acids with high digestibility, it provides high-quality protein suitable for vegetarians, the elderly and growing children, supporting tissue repair
and physical stamina maintenance.

¢ Endogenous Antioxidant Protection
Abundant quinoa polyphenols, vitamin E and flavonoids neutralize harmful free radicals, slow cell aging and restrain lipid oxidation, realizing human anti-aging and food
preservation stability simultaneously.

¢  Multivitamin and Mineral Supplement
High calcium strengthens bones, iron prevents iron deficiency symptoms and zinc enhances immunity. Multiple trace elements coordinate to meet daily nutritional demands

of all age groups.

I Exclusive Characteristics (Core Distinction from Other Cereals)
Distinct species composition, molecular structure and nutritional patterns differentiate quinoa flakes essentially from rice, wheat, oats, corn and other cereal products. The

irreplicable exclusive traits are summarized into five aspects:
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1. Unique Complete Amino Acid Protein System (Core Nutritional Symbol)

o Exclusive Composition
Quinoa is a rare plant-based complete protein food containing all 9 human essential amino acids that cannot be synthesized independently. Its amino acid proportion conforms
to human absorption standard, a unique advantage unavailable to most cereals.

¢ Superior Content Level
Its protein content equals high-quality coarse cereals, with lysine content far exceeding common staple foods. It remedies universal amino acid defects of cereals, making plant
protein nutritional value close to meat protein.

¢ Wide Edible Adaptability
Naturally gluten-free without triggering gluten intolerance and allergic reactions, it suits patients with celiac disease and gluten allergy, covering wider consumer groups than

gluten-containing cereals such as wheat and barley.

2. Exclusive Compound Active Polyphenols (Species-specific Ingredients)
e Species Uniqueness
Quinoa contains exclusive active substances including quinoa flavonoids, quinoa polyphenols and saponin derivatives with species-specific molecular structures, which cannot
be found in oats, rice and other coarse cereals.
e  Multiple Bioactivities
It delivers potent anti-oxidation, anti-inflammation and metabolic disorder alleviation effects, eliminating free radicals for anti-aging, relieving chronic inflammation and

regulating lipid and glucose metabolism with comprehensive health-preserving activities.

3. Abundant Minerals and Vitamins (Prominent Trace Elements)
Common cereals generally suffer low calcium, folic acid and selenium content, while quinoa flakes are naturally enriched with high-content calcium, active folic acid and
selenium, ranking top among coarse cereals in trace element abundance. Complete B vitamins and vitamin C are well preserved, supporting bone health, hematopoiesis

metabolism and nerve regulation with broader nutritional coverage than ordinary staple food.
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4. Differentiated Starch Physicochemical Structure
Quinoa starch features fine loose granules, low molecular arrangement regularity and moderate amylose ratio, resisting hardening and retrogradation after cooling and retaining
soft taste. Gelatinized starch forms mild moderate-viscosity colloid with favorable taste and digestibility, distinctly different from cereals prone to agglomeration and

retrogradation.

5. All-round Nutritional Framework of Pseudo-cereal (Rare Category Trait)
Not belonging to Poaceae family, quinoa is a Chenopodiaceae pseudo-cereal crop integrating three superior properties: satiety of cereal staple food, high-quality protein of
beans and rich vitamins of fruits and vegetables. Whole-grain flaking process fully retains nutritional tissues of seed coat and embryo with minimal nutrition loss. Single

quinoa flake supplies staple food energy, protein, vitamins and minerals, achieving higher comprehensive nutrition level than single-category cereals.

IV Conclusion

As a rare full-nutrition pseudo-cereal food material, quinoa flakes establish an integrated performance system consisting of solid physical-chemical foundation, diversified
health functions and exclusive traits, forming closed-loop logic of structural composition, physiological efficacy and species characteristics. Its core competitive strengths
cover irreplaceable plant complete protein, exclusive polyphenol active ingredients, safe gluten-free property, low-glycemic and low-fat healthy basis and abundant multi-
mineral vitamins, accompanied by soft durable taste and wide processing adaptability.

Compared with conventional rice, flour and coarse cereals, quinoa flakes possess natural original ecology, balanced nutrition, verified efficacy and extensive applicable crowds.
It delivers prominent value in blood sugar and lipid control, cardiovascular care, intestinal regulation and daily nutrition supplementation, catering to the elderly, children,
vegetarians, gluten-allergic people and patients with three-high symptoms. It serves as optimal daily healthy staple food and core raw material for functional diet and high-end

coarse cereal products, fully embodying superior coarse cereal attributes of gluten-free, full nutrition, high activity and strong compatibility.




