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Introduction

In today's food sector, extrusion technology has
evolved from a simple shaping tool to a complex high-
temperature short-time (HTST) bio-reactor capacity. The
most recent technical developments in extruded goods are
summarised in this review atticle, with a focus on the
evolution of raw material selection (cereal-legume blends, by-
product valorisation), equipment advances (twin-screw
configurations, smart thermal systems), and new processing
frontiers. High-moisture extrusion texturization (HMET) is
given  special  consideration  for  applications in
nanotechnology, 3D food printing, and plant-based meat
substitutes. The study provides a paradigm for the production
of energy-efficient, sustainable, and nutrient-dense products
by highlighting the effects of process factors (moisture, barrel
temperature, and specific mechanical energy) on
physicochemical and functional features.

Extrusion cooking combines unit processes including
mixing, kneading, shearing, cooking, and shaping into a single
barrel structure. It is an extremely flexible, energy-efficient,
and continuous thermo-mechanical process. Its introduction
into the food processing industry transformed the production
of ready-to-eat (RTE) morning cereals, savoury snacks, and
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Technological and Mechanical Advancements

Regardless of feed rates, the structural change from
single-screw to twin-screw extruders allowed for exact control
over material transit periods.
Twin-Screw Extruders with Co-Rotation

Co-rotating, intermeshing twin-screw systems are a
major component of modern processing. They avoid local
overheating and product deterioration because of their
superior self-wiping abilities, great mixing efficiency, and
uniform shear distribution.
Energy Efficiency and Intelligent Thermal Systems

In the past, extrusion mostly relied on mechanical
dissipation, or the viscous dissipation of shear energy, to heat
the melt. With the use of targeted electric steam pre-
conditioners or closed-cycle surface heating, modern
equipment incorporates hybrid thermal energy systems. By
replacing severe mechanical shear with regulated thermal
cooking, this change reduces energy consumption, guarantees

steady-state operations, and maintains delicate flavours.
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Critical Process Parameters' Impact

The interplay between independent process factors
and the physical melt directly affects the final quality metrics
of extruded products.

The degree of molecular disintegration is determined
by Specific Mechanical Energy (SME). The Water Solubility
Index (WSI) is raised by high SME; nevertheless, excessive
starch  polymer degradation might reduce structural
expansion.

Barrel Temperature and Moisture: The ideal range for
optimisation is represented by operating thresholds, such as
160 °C-180 °C at 15% — 20% moisture. These settings
preserve a crisp, crunchy texture by stabilising bulk density
and maximising expansion ratios (3.5—4.0).

Die Geometries: In order to prevent structural collapse at the
exit orifice, complicated die layouts are currently designed
using computational fluid dynamics (CFD), which computes
accurate pressure decreases.

Obstacles and Prospects

The industry has unique challenges despite obvious
technical advancements. For small to medium-sized
businesses, the high capital cost of twin-screw and HMET
systems is a hurdle. Additionally, research is still ongoing to
optimise  parameters for fiber-rich and gluten-free
formulations without the use of artificial texturizers.

Future advancements suggest incorporating Al-
driven, real-time feedback loops that dynamically modify
moisture injection and screw speeds based on inline NIR
(Near-Infrared) sensors tracking starch gelatinisation.
Furthermore, microencapsulation techniques are being
developed to securely deliver bioactive bio-polymers and heat-
sensitive probiotics straight into the extruder barrel's final
zones.

Conclusion

The story has changed from straightforward starch
growth to unique macro-structural engineering because to
technological advancements in extruded goods. Extrusion is

positioned as a key instrument for the future of sustainable
food production with to advancements in twin-screw
thermodynamics, sustainable by-product inclusion, and the
emergence of high-moisture meat imitating systems. The
ultimate objective for the upcoming generation of food
extrusion systems is still to balance optimal nutritious density
with process efficiency.
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