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## Chemical Stabilization of Treated Materials
Food waste and quicklime (CaO) form fine granular particles with a homogeneous Ca-organic compound hanger-on structure through chemical reactions, rather than 
simple mixing. This chemical stability is further enhanced through the drying process in the primary baroque fermentation drying facility. This is an important process for 
maintaining fertilizer quality for extended periods (over 1 year) and creating slow-release fertilizers with diverse functionalities.

# 2. Secondary Stirring Fermentation Drying Stabilization Work After Lime Reaction

The moisture adsorbed to organic materials is reduced by 13.2% when 10% by weight of quicklime is added during the lime reaction process. In the primary reaction 
process, calcium acts as a base, and most of the moisture in the treated material is squeezed out to the exterior of the granular particles due to water separation by 
electrolyte movement and strong contraction action, thus drying is rapidly accelerated.
**Chemical Reactions:**
```
Ca(OH)₂ + CO₂ → CaCO₃ + H₂O ------------ ⑤
Ca(HCO₃)₂ → CaCO₃ + H₂O + CO₂ --------- ⑥
Drying is also a process of calcium carbonate (CaCO₃) formation. The calcium carbonate (CaCO₃) generated by the reaction mechanisms ⑤ and ⑥ plays a crucial role in 
converting quick-acting fertilizers into slow-release fertilizers. Slow-release properties create diverse and remarkable functionalities in agricultural crops.

Secondary chemical reactions are repeated during the drying process in the secondary rotary stirring dryer. Through intermittent stirring operations by the rotary stirred 
dryer, moisture evaporates while generating calcium salts, which are key elements for increasing sugar content. Calcium carbonate is produced through chemical reactions 
between atmospheric carbon dioxide (CO₂) and calcium hydroxide/calcium bicarbonate in the treated material. Since calcium carbonate is a poorly soluble substance with 
strong adsorption capacity, it proceeds to form uniform coating on the fine particles of the treated material.

Finally, when the desired fermentation drying state is reached (moisture content below 40%), it is completed as an "eco-friendly slow-release microbial fertilizer."

**Additional Chemical Reactions:**
```
Ca(OH)₂ + CO₂ → CaCO₃ + H₂O -----------7
Ca(HCO₃)₂ + CaCO₃ + H₂O + CO₂ ----------8
```

When chemical reactions proceed, hydroxide ions (OH⁻), which greatly affect the alkalinity that temporarily rose to strong alkaline conditions, are partially converted to 
ligands of coordination compounds and neutralized as shown in the following chemical formula:

```
Mⁿ⁺ + mOH⁻ + [M(OH)ₘ]ⁿ⁻ᵐ
Mⁿ⁺ + mOH → xL → [MLₓ(OH)ₙ₋ₘ]
(M: metal, L: ligand)

2-5. Primary Barucker Fermentation Drying Stabilization Work After Lime Reaction



Microorganisms that proliferate through the primary and secondary processes include cyanobacteria, photosynthetic bacteria, and Azotobacter, which 
prefer neutral to slightly alkaline conditions in the plant rhizosphere. These microorganisms proliferate in large quantities, secreting amino acids, nucleic 
acids, vitamins, and hormones while increasing their own cell mass, mineralizing organic acids, and secreting various organic compounds. They also increase 
CO₂ concentration.

As a result, root growth is promoted, leading to healthy plant development. Furthermore, they contribute to soil fertility by producing organic matter 
through photosynthesis and fixing atmospheric nitrogen. Most microorganisms decompose pesticides, but cyanobacteria in particular have the function of 
supplying oxygen, preventing root rot, promoting fine root extension, and decomposing and reducing pesticide residues. Research results show that 
cyanobacteria also decompose and reduce dioxin, one of the worst environmental pollutants.

The "eco-friendly microbial fertilizer" that comprehensively contains the many roles and functions of the Ca-organic matter-microorganism trinity will have 
multifaceted functions in the natural environment and will play a broad and diverse role in solving problems such as eco-friendly food production, 
environmental degradation, and soil pollution in the future.

2-6. Microbial Proliferation Through Primary and Secondary Processes



**Material Changes in Buffer Tank:**
- **Solid content increase**: 228 tons → 342 tons (approximately 50% increase)

### Scientific Justification for 4-Day Retention Time

**1) Microbial Adaptation and Proliferation Period**
Aerobic microorganisms require 2-3 days minimum to adapt to new environmental conditions. The air blower system provides oxygen for aerobic 
fermentation, where microbial populations need approximately 4 days to stabilize their numbers.

**2) Protein Degradation and Amino Acid Formation**
- **Days 1-2**: Initial decomposition begins
- **Days 3-4**: Complete hydrolysis of complex proteins into amino acids
The optimal HRT for effective acidogenic fermentation ranges from 4 to 6 days, confirming the 4-day requirement for complete protein breakdown.

**3) Pathogen Elimination**
- Heat reaction combined with microbial competition eliminates pathogens
- Complete elimination of Salmonella and E. coli requires minimum 72-96 hours (3-4 days)
- The aerobic environment creates competitive pressure against pathogenic anaerobic bacteria

**4) Biochemical Process Optimization**
Studies show that maximum volatile fatty acid production and optimal fermentation efficiency are achieved at HRTs of 4.5 hours to 9 days, with 4-6 day 
ranges being optimal for acidogenic processes.

2-7. Buffer Tank (No. 8) - 4-Day Retention Time Requirements



**Material Changes in Agitator Tank:**
- **Moisture change**: 25% → 30% (slight increase due to lime hydration reaction)
- **Solid content decrease**: 342 tons → 320 tons (organic matter degradation during fermentation)

### Scientific Rationale for 14-Day Retention Period

**1) Bran (Gyeojo) Fermentation Optimization**
- **Days 1-3**: Fiber swelling and initial fermentation of bran
- **Days 4-7**: Beneficial microorganism proliferation and enzyme activity maximization
- **Days 8-14**: Complete fermentation maturation, improving digestibility
Fermentation helps break down compounds into more easily digestible forms and reduces toxins and pathogens in food.

**2) Calcium Oxide (Quick Lime) Reaction Completion**
Chemical Reactions:
CaO + H₂O → Ca(OH)₂ + Heat (exothermic reaction)
Ca(OH)₂ + Organic acids → Calcium salts + H₂O
```

- **Days 1-2**: Rapid hydration reaction (heat generation)
- **Days 3-7**: pH stabilization (alkaline maintenance for pathogen suppression)
- **Days 8-14**: Stable calcium-organic compound formation

Calcium hydroxide creates strong alkalinity that inactivates various pathogens, and the high pH (over 10) liberates ammonia which is inhibitory to many 
enteric bacteria.

2-8-1. Agitator Fermentation Tank (No. 9) - 14-Day Retention Time Validation



**3) Staged Microbial Succession**
- **Days 1-5**: Lactic acid bacteria dominance (pH reduction)
- **Days 6-10**: Yeast and actinomycetes increase
- **Days 11-14**: Stable microbial ecosystem formation

Lactic acid bacteria fermentation can improve nutritional value and produce bioactive compounds, with fermentation processes typically requiring 
extended periods for optimal results.

**4) Nutritional Enhancement Effects**
- **Amino acid profile improvement**: 14-day fermentation increases essential amino acid content by 30-40%
- **Digestibility enhancement**: Crude fiber breakdown improves digestibility from 65% to 85%
- **Anti-nutritional factor removal**: Over 90% reduction of phytic acid, trypsin inhibitors, etc.

### Economic Validation

Extended retention times, while requiring larger reactor volumes, significantly improve product quality and can justify 20-30% higher selling prices, making 
the process economically viable.

## Verification Summary

The scientific literature strongly supports both retention times:

1. **4-day Buffer Tank retention** aligns with established HRT requirements for acidogenic fermentation (4-6 days) and pathogen elimination.

2. **14-day Agitator Tank retention** is validated by fermentation science showing that extended periods are necessary for complete biochemical 
transformations and pathogen control through lime treatment.

These retention times are not arbitrary but represent scientifically optimized durations for achieving maximum feed quality, safety, and nutritional value in 
food waste-to-feed bioconversion processes.

2-8-2. Agitator Fermentation Tank (No. 9) - 14-Day Retention Time Validation
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