King Son Convertible IFP Aging Chiller for
Ice Plant Preservation and Ripening

Executive Summary

King Son Instrument Tech Co. Ltd., a leader in food technology since 1983, introduces the King
Son Convertible Initial Freezing Point (IFP) Aging Chiller, powered by King Son Constancy IFP
Chilling Technology and Intelligent Temperature Control 3D Dynamic Induction Technology.
This innovative system revolutionizes the preservation and ripening of ice plant
(Mesembryanthemum crystallinum), a high-value edible succulent, by extending shelf life from
4-7 days to up to 30 days while enhancing sweetness from 1.5 °Brix to 5 °Brix. Unlike
traditional freezing, which can cause cell damage and sensory degradation, the chiller maintains
temperatures just above the IFP (-1.9°C to -2.5°C), promoting controlled biochemical changes
that improve flavor, texture, and appearance without ice crystal formation.

The chiller creates a new premium ripening ice plant segment by enabling value-added products
for high-end markets, including Premium & MICHELIN-starred restaurants, specialty steak- &
izakaya-style chains, supermarkets & hypermarkets chains, high-end grocers & gourmet retailers
chains, and hotel & resort F&B outlets. It streamlines operations through AloT integration,
reduces energy consumption by up to 50%, and integrates with Al platforms like Afresh,
Leafio.ai, OneThird, and Walmart's Eden APP for optimized inventory and waste reduction. A
weekly dynamic pricing policy, based on surveyed online prices (ranging from $10-15/1b. for
standard to $20-30/1b. for premium in the US and Europe as of August 2025), leverages ripening
quality to boost profits by 20-30%. Similar benefits extend to Ice Plant, opening new ripening
segments. This technology positions users for competitive advantage in sustainable, high-quality
produce markets.

Product Features

The King Son Convertible IFP Aging Chiller is a multifunctional refrigeration unit designed for
precision preservation, ripening, and storage of high-value produce like ice plant. Key features
include:

e Convertible Modes: Switches seamlessly between chilling (0°C to IFP), superchilling (-
1.9°C to -2.5°C), and freezing modes, adaptable for display, storage, preservation, and
ripening.

o Capacity and Design: Compact, modular shelving supports bulk or small-batch
operations (e.g., 100-500 kg capacity models), with hygienic stainless-steel construction
for vacuum-sealed or open storage to minimize contamination.

e Sensor Arrays: Multi-dimensional 3D sensors monitor temperature, humidity, and load
in real-time, ensuring uniform distribution and eliminating hotspots.



e AloT Integration: Cloud-based apps and QR code tracking provide alerts for ripening
progress, inventory status, and maintenance, enabling FIFO (First-In-First-Out)
organization and HACCP compliance.

e Energy-Efficient Components: Advanced heat exchangers and servo controls optimize
power usage, reducing consumption by up to 50% compared to traditional refrigerators.

o User-Friendly Interface: Touchscreen controls and app dashboards for remote
monitoring, suitable for artisanal to industrial scales.

These features transform traditional refrigeration into an automated, efficient system, ideal for
plant factories during harvest seasons and premium food sectors.

Product Innovative Technologies

The chiller incorporates two proprietary technologies that set it apart from conventional systems:

1. King Son Constancy IFP Chilling Technology:

o Maintains stable subzero temperatures just above the IFP (-1.9°C to -2.5°C),
preventing ice crystal formation while slowing metabolic processes.

o Unlike freezing, which damages cells through ice expansion, IFP chilling
preserves cellular integrity, promoting gradual enzymatic activity for flavor
enhancement (e.g., increasing ice plant sweetness to 5 °Brix).

o Validated by King Son lab experiments showing extended shelf life and improved
biochemical profiles without chemical additives.

2. Intelligent Temperature Control 3D Dynamic Induction Technology:

o Al-driven algorithms and 3D servo controls dynamically adjust parameters based
on load volume, placement, and type via matrix management.

o Multi-dimensional sensor arrays and induction coils ensure uniform cooling, with
advanced heat exchangers optimizing energy flow.

o AloT enables predictive analytics, integrating with external platforms for
seamless data sharing.

These technologies commercialize next-generation refrigeration, offering precision, automation,
and sustainability over traditional methods.

Biochemical and Sensory Changes in Fruits and Vegetables Using King Son
Constancy IFP Chilling Technology

King Son Constancy IFP Chilling Technology preserves and ripens fruits and vegetables by
maintaining temperatures just above the IFP, avoiding the detrimental effects of freezing while
promoting beneficial biochemical changes. Freezing, while effective for long-term storage, often
leads to cell damage from ice crystal formation, moisture migration, and altered enzyme activity,
resulting in mushy textures, off-flavors, and color changes upon thawing. In contrast, IFP
chilling slows processes without freezing, enhancing quality.

What Happens (Biochemical Changes):



o Enzyme Activity: Enzymes like pectinase and amylase remain active but slowed,
allowing controlled breakdown of starches into sugars (e.g., increasing ice plant
sweetness from 1.5 °Brix to 5 °Brix over 30 days) without excessive degradation.

o Lipid Oxidation: Minimized by stable low temperatures, preventing rancidity in fatty
produce.

e Non-Enzymatic Browning (Maillard Reaction): Suppressed, avoiding undesirable
flavors in starchy vegetables.

e Protein Denaturation: Reduced, preserving structural proteins for better texture.

How It Happens:

e Subzero IFP temperatures inhibit respiration and ethylene production, delaying ripening
while promoting flavor maturation through gradual osmotic adjustments and volatile
compound stabilization.

e Controlled humidity prevents moisture loss, maintaining cell turgor.

Why It Improves Quality (Sensory Changes):

o Texture: No ice crystals mean no cell rupture, retaining crispness (e.g., ice plant's
succulent leaves stay firm).

e Flavor: Enhanced umami and sweetness from balanced enzyme activity, without off-
flavors from oxidation.

e Color and Appearance: Pigments like chlorophyll remain stable, avoiding browning or
freezer burn; ice plant retains its glossy, crystalline look.

o Factors like rapid cooling rates and proper vacuum packaging further optimize outcomes,
making [FP superior for raw-eaten produce.

Overall, IFP chilling optimizes preservation by mimicking natural ripening at a controlled pace,
minimizing deterioration while maximizing premium attributes.

Product Advanced Functions and Applications on Target
Segments and Markets

The chiller's advanced functions include automatic load detection, dynamic parameter
adjustment, and AloT-driven traceability, enabling tailored applications in premium markets.

Product Applications Differentiation to Create and Develop a New Premium
Ripening Ice Plant High-Value Segment

By extending shelf life and enhancing sweetness/texture, the chiller differentiates ice plant as a
premium, ripened ingredient, creating a new segment where standard (1.5 °Brix, short-life) ice
plant evolves into high-value (5 °Brix, 30-day) products.

e Premium & MICHELIN-Starred Restaurants (e.g., Tairroir, Fleur de Sel): Ripens
ice plant for innovative garnishes/salads; AloT ensures just-in-time use, reducing prep



errors by 20-40%. Differentiation: Traceable, peak-flavor batches elevate dishes,
commanding 20-30% higher menu prices.

e Specialty Steak- & Izakaya-Style Chains: Bulk ripening for consistent garnishes;
uniform cooling standardizes quality across outlets. Differentiation: Enables "aged" ice
plant menus, boosting customer loyalty and sales by 15-25%.

e Supermarkets & Hypermarkets Chains: In-store ripening for fresh sections; FIFO
tracking minimizes waste. Differentiation: Premium labeled packs appeal to health-
conscious shoppers, increasing turnover by 20-30%.

e High-End Grocers & Gourmet Retailers Chains: Small-batch ripening with QR codes
for transparency. Differentiation: Positions as luxury greens, enhancing margins through
differentiated offerings.

o Hotel & Resort F&B Outlets: Supports seasonal menus; convertible modes adapt to
demand. Differentiation: Consistent quality for buffets/fine dining, reducing waste and
improving guest satisfaction.

Product Performance Evidence by Increasing Ripening Value Ice Plant Sales
Profits

Lab-validated performance shows 30-day extension and sweetness increase, leading to 20-30%
profit gains via premium pricing (e.g., from $10/1b. standard to $25/1b. ripened). Reduced waste
(20-30%) and prep time (40-70%) further boost ROI, with case studies from processors showing
15-25% sales uplift in high-end segments.

Weekly Dynamic Pricing Policy

Based on online surveys (e.g., specialty sites like Specialty Produce and Etsy for niche greens;
prices as of August 2025: US $10-15/Ib. ($22-33/kg) standard, Europe €9-14/kg ($10-15.5/1b.);
premium variants inferred at 2x due to rarity), the policy ties prices to weekly ripening quality.
Standard ice plant (1.5 °Brix, 4-7 days) starts low; ripened (up to 5 °Brix, 30 days) commands
premiums, creating demand in premium segments.

US US Europe || Europe

Week Rlspte;nleng Biochemical/Sensory Quality | Price || Price Price Price
g Sb.) || $kg) | €xg) | ()
1(0-7 ||Early Mild sweetness, firm texture;

slowed respiration preserves 12.00 |26.46 |]10.00 4.99

days) (2.5 °Brix) Jlo oo

Increased sugars, balanced
flavor; enzyme activity 15.00 |33.07 |]12.50 6.24
enhances umami.

2 (8-14 |[Mid
days) /(3.5 °Brix)

3 (15- Peak Vibrant color, crisp texture;
21 ¢ oDt volatile compounds stabilize for|20.00 ||44.09 |16.00 7.98
(4.5 °Brix)
days) aroma.




Ripenin US US Europe || Europe
Week Spta o & Biochemical/Sensory Quality | Price || Price Price Price
g $/b.) || $kg) | €xg) | ($b.)
4 (22- Premium Peak sweetness, succulent
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days) dishes.

Rationale: Prices rise 10-25% weekly as quality peaks, appealing to MICHELIN restaurants for
Week 4 batches and supermarkets for Week 1-2 affordability. This drives segment demand by
justifying premiums through enhanced attributes.

Operation Efficiency and Enhancement

Streamlining Operation Improvement Proposal Using King Son Intelligent
Temperature Control 3D Dynamic Induction Technology

The 3D Dynamic Induction Technology automates adjustments, streamlining mise en place:

o Ingredient Preparation and Organization: Automatic detection sorts ice plant by
ripening stage on modular shelves; AloT labels via QR codes reduce search time by 30-
40%.

o Shortened Lead Times: Real-time alerts enable just-in-time assembly, cutting dish prep
by 40-70% (e.g., from hours to minutes in restaurants).

e Guaranteed Consistent Quality: Uniform 3D cooling ensures batch consistency,
minimizing errors and delighting guests with rapid, high-quality experiences in fast-
paced F&B outlets.

This proposal enhances workflows, reducing labor/space needs by 30-50% across segments.

Energy Efficiency and Operational Sustainability

The chiller reduces energy by up to 50% via dynamic induction and heat exchangers, lowering
CO2 emissions from spoilage/waste. Sustainable features include chemical-free preservation and
recyclable components, aligning with EU/US green regulations and appealing to eco-conscious
markets.

The Role, Advantages, and Benefits of King Son Convertible
IFP Aging Chiller Application on Ice Plant Preservation and
Ripening

The chiller plays a pivotal role in creating a premium ripening Ice Plant segment by extending

shelf life (7-10 days to 21-28 days) and enhancing flavor/sweetness without bruising.
Advantages: Controlled IFP slows ethylene, preserving firmness and boosting sugars. Benefits:



New opportunities in premium markets (e.g., MICHELIN salads, supermarket displays) with 15-
25% profit increases from differentiated "aged" Ice plant; reduces waste by 20-30%, similar to
ice plant.

Al System Integration

The chiller configures for integration with Afresh (demand forecasting), Leafio.ai (inventory
optimization), OneThird (waste prediction via shelf-life scanners), and Walmart's Eden APP
(produce management). Sensors feed real-time data on temperature/humidity/biochemical
markers, enabling Al analytics to optimize stocking/pricing, reducing overstocking by 20-30%
and enhancing turnover in retail chains.

Economic Value Creation

The chiller creates value through extended life (reducing waste costs by 20-30%), premium
pricing (20-30% margins), and efficiency gains (40-70% prep savings). In premium segments, it
develops new ripening markets, with ROI in 6-12 months via increased sales profits.

Conclusions

The King Son Convertible IFP Aging Chiller transforms ice plant preservation, fostering
premium segments with superior quality and efficiency. By merging advanced technologies, it
drives sustainability, profitability, and innovation across targeted markets. For details, visit
www.kingson-foodtech.com.



http://www.kingson-foodtech.com/

Preservation of Ice Plant Using King Son Constancy IFP Chilling
Technology

King Son’s Constancy IFP Chilling Technology enables effective preservation of ice plant by
maintaining temperatures precisely between 0°C and just above the initial freezing point
(IFP) - without freezing, thereby retaining freshness and enhancing flavor.

Traditional refrigerator-sweetness 1.5%Brix King Son Convertible IFP Food-Tech Chamber

In the left image, ice plant stored in a traditional refrigerator lasts only 4-7 days, with a
sweetness level of 1.5 °Brix.

In the right image, ice plant preserved in the King Son Convertible IFP Sub Chiller stays
fresh for up to one month, with sweetness elevated to 5 °Brix, free from freezing damage.

King Son’s lab results confirm that this outcome is due to the gentle ripening process induced
by Constancy IFP Chilling, which slows degradation and gradually concentrates natural sugars.
This makes it a superior solution for plant factories and vertical farms to store large-volume
ice plant harvests, especially during peak seasons, while maintaining premium quality and
reducing waste.



