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The Technological Evolution Of Pasta Production Line

1.From Medieval Workshops to the Industrial Revolution 

• Production Innovations: 

? Foot Kneading Dough: In the 13th to 17th centuries, due to the large
size of the dough, workers would sit on long benches and knead it with
their feet, a method that persisted until the 18th century. 

?Mechanical Substitution: In 1740, King Ferdinand II of Naples
commissioned engineer Cesare Spadaccini to invent a bronze dough
mixer, leading to the establishment of the first pasta factory and ending
the practice of drying pasta in public squares. 

• Drying Process:

 Arab drying techniques were optimized through the port of Sicily,
propelling pasta exports across Europe. In the 17th century, Naples
used drying technology to alleviate food shortages.

2.Cultural Ascension: From Peasant Food to Global Symbol

• Class Breakthrough: In medieval Italy, pasta was originally food for
the poor during famines but later gained popularity across all social
classes due to its delicious taste. The nobility elevated it with cheese
and meat sauces, while the poor ate it plain.

• Fork Revolution: Due to the messiness of eating noodles by hand, the
upper class in Italy invented the four-pronged fork in the 15th century to
twirl pasta, which is considered a milestone in Western culinary
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civilization.

• Sauce and Shape Explosion:

? Influence of American Crops: In the 16th century, tomatoes and chili
peppers were introduced, leading to the creation of tomato-based sauce
systems (originally from Naples), and by the 19th century, three major
sauce categories emerged: tomato, cream, and olive oil.

? Shape Innovation: After the Renaissance, over 563 shapes such as
butterfly pasta and macaroni appeared, incorporating natural dyes like
spinach (green) and pumpkin (yellow).

Regional layout and competitive landscape

The global pasta production landscape is characterized by a multipolar
competitive structure: Europe, as a traditional consumption center,
accounts for nearly 50% of global consumption. The aroma of freshly
made pasta wafts through Italian kitchens, a testament to the country's
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deep-rooted culinary traditions. Italy, leveraging its origin advantages
and technological heritage such as bronze die techniques, produces
over one-third of the world's pasta, with its premium products
commanding significant price premiums (about 30%) in international
markets. The rich textures and authentic flavors of Italian pasta, often
paired with exquisite sauces and cheeses, make it a sought-after
delicacy worldwide. 

China has become the world's largest producer with an annual output
exceeding 5 million tons, exporting over 1 million tons primarily to
Asian, African, and European markets. The bustling factories in
Shandong province hum with activity, where automated machines churn
out vast quantities of pasta with precision and efficiency. Chinese
companies' competitiveness stems from automated capacity expansion
and technology localization, such as Shandong enterprises adopting
vacuum extruders to boost energy efficiency by 20%, leading to a high
ranking in global export equipment numbers. These advancements not
only streamline production but also ensure consistent quality, making
Chinese pasta a reliable choice for international consumers.

Russia, capitalizing on its resource and geographic advantages, is
rapidly expanding its market in China. The cold Siberian winds may be
harsh, but they also nurture robust wheat fields, providing the perfect
base for high-quality pasta. In the first two months of 2025, pasta
exports to China reached 380 tons, marking a 100% year-on-year
increase, highlighting its emerging position in Sino-Russian agricultural
trade. The vibrant colors and unique flavors of Russian pasta, often
infused with local herbs and spices, are gaining popularity among
Chinese consumers, further strengthening bilateral trade ties.

Process Of Modern Pasta Production Line For
industry

Stage One: Raw Material Refinement
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1. Pre-treatment of Hard Wheat Flour

? Three-stage sieving: Raw material passes through a vibrating sieve
(amplitude 3mm/frequency 25Hz) ? magnetic separator (magnetic field
strength 12000 gauss) ? air flow separation (wind speed 8m/s), impurity
removal rate > 99.9%.

? Constant humidity rest: Flour is stored in a warehouse (temperature
25?±1?, humidity 60%±5%), resting for 24 hours to ensure uniform
moisture penetration to 12.5%.

? Microbial control: UV ultraviolet irradiation (wavelength 254nm, dose
30mJ/cm²) to kill mold spores.

Stage Two: Accurate Mixing and Maturation 

1.Quantitative Water Supply System - Hard wheat flour is mixed with
pure water at a ratio of 100:28.5, with water temperature closed-loop
control (30?±0.5?) and flow meter accuracy of ±0.1L/min. 

2.Twin-shaft Vacuum Mixer - Mixing Stage: The blades shear at high
speed of 220rpm for 90 seconds while simultaneously vacuuming to
-0.07MPa, reducing dissolved oxygen to below 1.2mg/L. - Maturation
Stage: Speed is reduced to 15rpm and maintained for 20 minutes,
achieving 95% hydration of gluten proteins (gliadin/albumin ratio of
1.2:1).

Stage Three: Vacuum Assisted Forming (Core Process)

1.Dual screw extrusion system

Feeding section (temperature 38°C): A variable pitch screw (L/D=5:1)
conveys the dough, with a pressure of 0.5 MPa; 

Melting section (temperature 45°C): Interlocking blocks high-speed
shearing (shear rate 120 s?¹), achieving a starch gelatinization degree
of 35%; 
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Homogenization section (temperature 50°C): Vacuum chamber at -0.08
MPa degassing, increasing the dough density to 1.32 g/cm³.

2.Bronze mold forming 

? Mold temperature 52°C, hole diameter 0.8-1.2mm, surface roughness
Ra 3.5?m (electron microscope inspection); ? Extrusion speed 12m/min,
pasta wall thickness deviation ?±0.05mm.

Stage Four: Intelligent Segmented Drying

Pre-drying (vibrating fluidized bed) ? Amplitude 4mm/frequency 18Hz,
hot air at 40°C (humidity 70%) passes through the material layer
(thickness 30mm), reducing moisture from 31% to 25% in 20 minutes.

Main drying (four-zone tunnel)

Curing area at 45°C with 60% humidity for 60 minutes, surface
vitrification to prevent cracking.

Rapid dehydration zone at 65°C, 40% humidity, for 120 minutes,
internal moisture diffusion.

Equilibrium zone 58°C 50% 90 minutes moisture gradient balance.

Slow cooling area at 40°C, 55% humidity for 30 minutes to relieve
stress.

Final drying (counterflow cooling tower) 

? Drying air at 25°C counterflows, final moisture content 12.5% ± 0.3%,
temperature difference < 2°C (to avoid condensation)
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Stage Five: Intelligent Sorting and Packaging

Nitrogen flush packaging ? Vertical packaging machine (speed of 120
bags per minute), nitrogen purity of 99.9%, residual oxygen less than
0.8%, heat seal strength greater than 35N/15mm.

Technological innovation value: 

1.Energy efficiency: The heat pump recovers waste heat from drying
exhaust gases (over 85% utilization), with an overall energy
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consumption of 0.11 kWh/kg (compared to 0.18 kWh/kg for traditional
processes); 

2.Stability: Data from 62 sensors throughout the entire process form a
closed loop, automatically correcting parameter deviations, with batch
differences less than 3%; 

3.Flexible production: Mold switching takes only 30 minutes, compatible
with 12 forms including spaghetti, screw noodles, and butterfly pasta.

Comparison of Performance with Traditional
Equipment

Performance
metrics

vacuum
extruder

Common
extruder

Enhance
effectiveness

Dough water
absorption

uniformity
above 95%

(bubble-free)

70%-80%
gluten

network

strength
increased by

30%
Durability

under boiling
Boil for 12

minutes while
maintaining
its shape.

Prone to
becoming too
viscous, high
breakage rate

Reduction in
breakage rate

by 13
percentage

points
Drying energy
consumption

840kWh/ton 1200kWh/ton Save 30% on
energy

product
premium
capability

Premium of
30% for high-
end market

homogeneou
s competition

Brand added
value has

significantly
increased.

Application Expansion and Technological Prospects: 

1. Adaptability to Special Ingredients

The vacuum extruder can handle diverse raw materials such as whole
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grain flour, gluten-free rice flour, and high-protein bean powder. For
instance, golden pea protein powder (purity > 80%) can still form a
stable dough under vacuum conditions, solving the problem of shaping
low-gluten ingredients.

2.Smart upgrade direction

Online quality control system - integrates near-infrared spectrometer
(NIRS) for real-time monitoring of dough moisture and protein content,
with fluctuation control less than 0.5%. 

Predictive maintenance module - reduces downtime losses through
bearing wear monitoring (such as carbon nanopolymer repair
technology).
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Summary of craftsmanship value

The synergy between vacuum extrusion and intelligent drying
technology addresses three major pain points in traditional pasta
production line:

1.Texture defects (bubbles causing easy gelatinization) ? Vacuum
degassing enhances chewiness by removing air pockets, resulting in a
more uniform and robust texture;
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2.High energy consumption (drying accounts for 60% of total energy
usage) ? Segmented temperature control combined with heat recovery
systems saves up to 30% energy, optimizing the drying process and
reducing overall operational costs;

3.Quality control fluctuations (high manual intervention) ? Full-process
automation with parameter closed-loop control minimizes human error,
ensuring consistent quality and precision throughout production.

This technological system not only ensures high-quality output but also
transforms macaroni production line from 'experience-driven' to 'data-
driven,' setting a new benchmark for sustainable industry development
by leveraging advanced analytics and real-time monitoring.

Future Directions

 Digital-Driven and Precision Nutrition 

1.Integration of Industry 4.0 

? Digital twin systems simulate process parameters, achieving over
95% accuracy in yield prediction through real-time data analysis and
machine learning algorithms, ensuring efficient and stable production
processes; 

? Blockchain traceability technology covers the entire supply chain from
hard red wheat cultivation, harvesting, processing to final packaging,
ensuring transparency and traceability at each step, enhancing food
safety and consumer trust. 

2.Functional Customization 

? For diabetic individuals, develop resistant starch formulations (GI <
40) to effectively control blood sugar levels, offering healthier dietary
options; 
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? Utilize microencapsulation technology to encapsulate Omega-3 fatty
acids (500mg per serving), protecting them from degradation during
digestion, thereby better enhancing brain health, improving memory and
cognitive function.

Conclusion

The core competitiveness of the pasta industry has shifted from scale
expansion to technological depth: energy efficiency and cost reduction
are survival fundamentals—vacuum extrusion and smart drying create
an energy efficiency moat, utilizing advanced sensors and automated
controls to minimize waste and optimize resource usage; quality
upgrades are the key to premium pricing—bronze molds and gluten
reconstruction break through taste ceilings, delivering a rich, authentic
texture and flavor that appeals to discerning palates; green innovation is
the growth engine—regenerative agriculture and precision nutrition open
up a trillion-dollar health market, focusing on soil health, biodiversity,
and nutrient-dense ingredients to meet the growing demand for
nutritious and environmentally friendly food options. Data confirms the
future: the vacuum extrusion equipment market will grow by 8.7%
annually by 2025, driven by increasing adoption of energy-efficient
technologies, and the healthy pasta category will have a compound
annual growth rate of 12%, fueled by consumer preferences for
healthier eating habits. Companies must focus on technological iteration
and sustainable value to win both taste and trust in the 'carbohydrate
war' on global dining tables, leveraging cutting-edge research and eco-
friendly practices to stand out in a competitive market.
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