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Peptides and collagen have emerged as two of the most influen-
tial ingredient categories in modern pharmaceutical, nutraceutical,
cosmetic, biotechnology, and performance nutrition industries.
Over the past decade, both have moved from niche scientific ap-
plications into large-scale commercial manufacturing, driving in-
novation across everything from anti-aging products and regen-
erative medicine to sports nutrition, medical foods, and advanced
therapeutic systems.

As consumer awareness surrounding longevity, wellness, recovery, and functional nu-
trition continues to expand, manufacturers are under increasing pressure to develop
products that offer higher performance, greater consistency, faster dissolution, im-
proved bioavailability, and superior sensory characteristics. While significant focus is
often placed on formulation chemistry and biological efficacy, the engineering behind
how these materials are processed frequently determines whether a product suc-
ceeds commercially.

Particle size distribution, thermal protection, micronization efficiency, agglomeration control, powder
flowability, blend uniformity, and hygienic powder handling all play critical roles in determining final
product performance. In many cases, the success of a peptide or collagen formulation depends just
as much on the processing technology as it does on the formulation itself.

This guide explores the science, applications, and engineering principles behind peptide and collagen
processing, while examining the advanced milling and powder handling technologies required to man-
ufacture these sensitive materials successfully at commercial scale.
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Understanding

Peptides

Peptides are short chains of amino acids connected through peptide bonds. While proteins may
contain hundreds or thousands of amino acids, peptides are typically much smaller and act as highly
specialized biological messengers within the body. These compounds regulate a vast number of phys-
iological processes including hormone signaling, cellular communication, tissue repair, metabolism,
immune response, and muscle recovery.

In recent years, peptides have gained extraordi-
nary attention within pharmaceutical and well-
ness industries due to their targeted biological
activity and versatility. Therapeutic peptides are
now widely researched and utilized in areas such
as metabolic regulation, regenerative medicine,
endocrinology, oncology, and advanced biologic
therapies. At the same time, bioactive peptides
have become increasingly common in nutraceu-
ticals, sports recovery formulations, functional
foods, and anti-aging products.

The cosmetic industry has also embraced pep-
tides for their role in collagen stimulation, skin
elasticity improvement, and cellular regenera-
tion. Many modern skincare formulations incor-
porate specialized peptides designed to support
tissue repair and reduce visible signs of aging.

As peptide technologies continue advancing, manufacturers are facing growing challenges surround-
ing the handling and processing of these highly sensitive materials. Many peptides are susceptible to
heat degradation, moisture absorption, static buildup, and structural damage during processing. This
makes careful control of particle size reduction and powder handling essential throughout production.
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Understanding Collagen
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Collagen is the most abundant
structural protein found within
the human body and serves as
a primary component of connec-
tive tissues including skin, car-
tilage, ligaments, tendons, and
bones. Due to its importance in
structural integrity and tissue
support, collagen has become
one of the fastest-growing in-
gredient categories within nu-
traceuticals, beauty products,
medical nutrition, and sports re-
covery systems.

Commercial collagen products
are commonly derived from bo-
vine, marine, porcine, or poultry
sources and are typically hydro-
lyzed into smaller collagen pep-
tides to improve absorption and
solubility. Hydrolyzed collagen
peptides dissolve more efficient-
ly in liquids and are more easily
utilized within powdered bever-
age systems, functional nutrition
products, capsules, tablets, and
ready-to-mix formulations.

The rapid growth of collagen
supplementation has driven
demand for highly engineered
powder processing systems ca-
pable of producing extremely
consistent particle size distribu-
tions while maintaining product
integrity. Manufacturers must
balance throughput efficiency
with delicate handling require-
ments to prevent degradation
and preserve product function-
ality.

Particle size directly affects disso-
lution characteristics, mouthfeel,
suspension stability, flowability,
and blend uniformity. In instant
beverage systems, for example, im-
properly processed collagen pow-
ders may exhibit floating, clumping,
inconsistent hydration, or poor dis-
persion characteristics. These is-
sues are often rooted in inadequate
particle engineering rather than for-
mulation chemistry alone.




Industries

Driving
Demand

The global demand for peptides and collagen continues to accelerate across numerous high-value
industries. Pharmaceutical manufacturers increasingly utilize peptides within targeted therapeutic ap-
plications, injectable compounds, hormone therapies, biologics, and regenerative medicine systems.
These applications require extremely precise particle size control, contamination prevention, sterile
processing environments, and advanced containment solutions.

Within the nutraceutical industry, pep-
tides and collagen are now common in-
gredients in sports nutrition powders,
recovery beverages, wellness supple-
ments, meal replacement systems, and
longevity-focused formulations. Man-
ufacturers in this sector prioritize dis-
solution speed, suspension stability,
homogeneous blending, and consumer
sensory experience. -
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The cosmetic and beauty industry has

' ’ rapidly adopted collagen peptides and

specialized bioactive peptides in both

ST ! topical and ingestible formulations

“ ‘ aimed at skin health, anti-aging, and

tissue support. These applications of-

L, ten require ultra-fine particle sizes to

N e\ improve texture, consistency, and dis-
' \ persion behavior.

Biotechnology and medical research fa-
cilities also utilize peptides extensively
in advanced R&D applications involving
tissue engineering, cellular signaling,
regenerative therapies, and molecular
development programs. These environ-
ments demand exceptionally controlled
processing conditions and highly spe-
cialized powder handling systems.
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Why Particle

Size Matters

Particle size distribution is one of the most critical variables in peptide and collagen processing. It
directly influences dissolution behavior, bioavailability, blend consistency, flowability, packaging per-
formance, and overall product quality.

As particle size decreases, surface area increas-
es dramatically. This increased surface area im-
proves interaction with liquids, allowing pow-
ders to hydrate and dissolve more efficiently. For
beverage systems, this can significantly improve
suspension stability and reduce clumping be-
havior. In pharmaceutical and nutraceutical ap-
plications, optimized particle size distribution
may also enhance absorption characteristics and
overall functional performance.

However, achieving smaller particle sizes is not
simply a matter of increasing grinding intensity.
Many peptides and collagen materials are highly
sensitive to heat and mechanical stress. Exces-
sive thermal generation during milling can dam-
age delicate structures, reduce functionality, and
negatively impact product performance.

This is why advanced micronization technologies have become increasingly important within peptide
and collagen manufacturing. The goal is not merely to reduce particle size, but to do so while preserv-
ing product integrity and maintaining strict process consistency.
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Advanced Milling
Technologies

Modern peptide and collagen processing often relies on highly engineered milling technologies de-
signed to balance fine particle size reduction with low thermal impact and precise control.

Jet milling has become one of the most widely utilized technologies for ultra-fine pep-
tide micronization. Jet mills use high-velocity compressed gas streams to create parti-
cle-to-particle collisions without relying on mechanical grinding surfaces. This minimizes
heat generation while achieving extremely fine particle sizes and narrow particle size
distributions. Because there are no moving grinding components contacting the product
directly, jet milling is especially valuable for pharmaceutical and high-purity applications
where contamination control is critical.

Air Classifying Mills combine impact grinding with integrated particle classification, allow-
ing manufacturers to control top-cut particle size while maintaining efficient throughput.
These systems are commonly used in nutraceutical and collagen applications where scal-
ability, continuous operation, and flexible particle size control are important production
considerations.

Cryogenic milling systems are utilized when materials exhibit extreme heat sensitivity or
sticky processing characteristics. By reducing temperatures significantly during process-
ing, cryogenic systems help preserve fragile structures while improving brittleness and
grinding efficiency. This approach is especially valuable for temperature-sensitive peptide
compounds and specialty bioactive ingredients.

Pin mills and fine grinders are often employed for deagglomeration and controlled fine
grinding applications. These technologies are useful when manufacturers require improved
powder dispersion, instantization preparation, or controlled particle refinement without
aggressive micronization.
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Mixing & Powder
Handling Challenges

Once peptides or collagen powders have been milled, they frequently undergo secondary processing
involving blending, agglomeration, flavor incorporation, vitamin addition, or functional ingredient in-
tegration. These operations introduce additional engineering challenges that must be carefully man-
aged.

Fine powders are naturally susceptible to segre-
gation, where particles separate based on size,
density, or shape during handling and transport.
This becomes particularly problematic when mi-
cro-ingredients must be distributed uniformly
throughout a formulation.

Agglomeration presents another common issue,
especially when dealing with ultra-fine powders.
Small particles may clump together due to mois-
ture, electrostatic attraction, or surface energy
interactions, negatively impacting dissolution
behavior and blend consistency.

Static electricity can also create major handling
difficulties within peptide and collagen manu-
facturing environments. Fine dry powders often
generate static buildup during conveying, mix-
ing, and packaging operations, leading to mate-
rial adhesion, dusting, inconsistent feeding, and
operational inefficiencies.

Proper powder handling system design is there-
fore essential not only for efficiency, but also for
maintaining product quality and ensuring repeat-
able manufacturing performance.
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ienic Processing
& GMP Requirements

Hyg

prevention.

Peptide and collagen manufacturing increasingly operates within high-
ly regulated environments requiring hygienic processing standards and
advanced validation capabilities. Pharmaceutical, nutraceutical, and
functional food manufacturers often require systems designed around
GMP principles, hygienic finishes, dust containment, and contamination

Stainless steel construction, particularly 304 and 316L stainless steel,
is commonly utilized to support hygienic operation and corrosion resis-
tance. Smooth internal finishes help minimize product buildup and sim-
plify cleaning procedures, while easy-clean designs reduce downtime
between production campaigns.

Dust-tight processing systems have become especially important due
to the ultra-fine nature of many peptide and collagen powders. Proper
containment protects both operators and products while minimizing
cross-contamination risks and improving environmental safety.

As manufacturing standards continue evolving, processing systems
must increasingly support validation documentation, repeatable clean-
ing procedures, and scalable process control.

The Future of Peptide &

Collagen Processing

The future of peptide and collagen man-
ufacturing will be driven by increasing
demands for precision, consistency, and
process control. As formulations become
more advanced and personalized, manu-
facturers will require tighter particle size
distributions, improved dissolution perfor-
mance, higher containment standards, and
more sophisticated powder engineering
capabilities.

Emerging trends such as continuous man-
ufacturing, Al-assisted process optimiza-
tion, advanced hygienic automation, and
ultra-fine micronization technologies are
expected to reshape the industry over the
coming decade.
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Companies that invest in advanced pro-
cessing technologies today will position
themselves at the forefront of pharma-
ceutical innovation, functional nutrition,
regenerative medicine, and high-perfor-
mance wellness manufacturing.

In these industries, successful manufac-
turing is no longer determined solely by
formulation science.

It is determined by the ability to engineer
precision into every particle.




Mill & Mixer Selection Guide

Selecting the Proper Processing
Technology for Peptides & Collagen

One of the most common mistakes in peptide and collagen manufacturing is assuming that all powder
processing technologies perform similarly. In reality, selecting the incorrect milling or mixing system
can lead to severe production inefficiencies, poor product performance, inconsistent quality, excessive
dusting, thermal degradation, agglomeration, segregation, and costly downstream processing prob-
lems.

Peptides and collagen are not conventional commodity powders. They are often highly sensitive, func-
tional, and high-value ingredients requiring carefully engineered processing solutions designed around
particle behavior, thermal sensitivity, target particle size distribution, dissolution requirements, formu-
lation characteristics, and production goals.

The proper equipment selection process must therefore begin with a deep understanding of the prod-
uct itself.

Manufacturers must evaluate:

* Starting particle size

* Desired final particle size
* Heat sensitivity

* Moisture sensitivity

* Bulk density

* Flowability

* Hygroscopic behavior

* Stickiness

* Agglomeration tendencies
* Throughput requirements
* GMP requirements

* Cleaning requirements

+ Containment requirements
* Final product application

Only after understanding these variables can the proper milling and mixing technologies be selected.
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Selecting the Proper
Milling Technology

Different milling technologies achieve very different results. The ideal system depends heavily on the
application, target PSD, and material characteristics.

Jet
Mills

Best For:

* Ultra-fine micronization
* Pharmaceutical peptides

* Injectable-grade materials

* Heat-sensitive compounds

* High-purity applications

* Tight particle size distribution

Jet mills are often considered the gold standard

for pharmaceutical peptide micronization due Jet mills are Commonly
to their ability to achieve extremely fine parti-  Selected when

cle sizes wit.h minimal thermal generation. These manufacturers require:
systems utilize high-velocity compressed gas
streams to create particle-to-particle collisions
rather than relying on mechanical grinding sur-
faces.

+ D50 values in the micron range

* Narrow PSD control

* Low contamination risk

* Sterile or hygienic processing compatibility

Because the product is micronized through par- . _ . .
* High-value ingredient protection

ticle collision rather than direct mechanical con-
tact, heat generation is significantly reduced
compared to conventional milling systems. This
is especially important when processing sensi-
tive peptide compounds that may degrade under
elevated temperatures.

However, jet milling may not always be the most
economical solution for larger particle size tar-
gets or bulk nutraceutical applications where ul-
tra-fine micronization is unnecessary.
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Air Classifying

Mills (ACM)

Best For:

+ Collagen powders

* Nutraceutical formulations

* Medium-to-fine particle reduction
* Scalable production

* Controlled top-cut sizing
 Continuous processing

Air Classifying Mills combine mechanical impact
grinding with integrated air classification, al-
lowing oversized particles to remain within the
grinding zone until the desired particle size is
achieved.

These systems offer significant flexibility and
scalability for collagen and nutraceutical manu-
facturing operations. ACM systems are frequent-
ly selected when manufacturers require:

* Moderate-to-fine grinding

* High throughput

+ Continuous production

* Controlled particle distribution
« Efficient energy usage
* Flexible PSD adjustment
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Collagen manufacturers often utilize ACM tech-
nology to improve:

* Dissolution speed
* Powder consistency
* Mouthfeel

* Blend uniformity

* Suspension stability

Compared to jet mills, ACM systems are gener-
ally more economical for larger production vol-
umes and less demanding particle size targets.




DP Pulveriser’

Cryogenic

Milling Systems

Best For:

* Extremely heat-sensitive materials
* Sticky compounds

* Difficult-to-grind products

* Preservation of fragile bioactives

* Low-temperature processing

Cryogenic milling systems utilize ultra-low tem-
peratures during processing, typically through
liquid nitrogen or other cooling technologies, to
reduce material temperature prior to and during
grinding.

Many peptide and specialty nutraceutical materi-
als become difficult to process when exposed to
heat due to smearing, softening, degradation, or
agglomeration. Cryogenic systems help maintain
product integrity by minimizing thermal stress
and improving brittleness during size reduction.

Cryogenic processing may also improve:

* Particle uniformity
* Grinding efficiency
* Flowability

* Powder stability

This approach is particularly valuable for highly
specialized bioactive compounds and tempera-
ture-sensitive formulations.

m 1] Nveriur

www.dppulveriser.com
www.dpmills.com

since 1962

Pin Mills

Best For:

+ Deagglomeration

* Instant beverage powders

* Moderate particle reduction
* Flowability improvement

* Powder conditioning

Pin mills are commonly utilized when manufac-
turers require controlled deagglomeration rather
than aggressive micronization. These systems are
particularly effective for improving powder dis-
persion and preparing materials for downstream
blending or instant beverage applications.

Collagen and protein systems often benefit from
pin milling when powders exhibit:

¢ Clumping

* Poor hydration

* Flowability issues

* Inconsistent dispersion

Because pin mills operate more gently than some
high-energy micronization systems, they may
help preserve functional characteristics while
improving powder handling performance.




Selecting the Proper
Mixing Technology

Once particle size requirements Peptide and collagen formulations often contain:
have been achieved, manufac- « Vitamins

turers must address blending, « Minerals

homogenization, and ingredient . Sweeteners

incorporation. Proper mixer se- ¢ Flavors

lection becomes equally critical « Functional additives

in determining final product con- - Anti-caking agents
sistency and manufacturing effi- « Probiotics
ciency. * Bioactive compounds

* Micro ingredients

Uniform distribution of these ingredients is essential, espe-
cially when dealing with extremely low inclusion rates.

Ribbon
Mixers

Best For: Ribbon mixers are commonly
* General nutraceutical blending selected for:
* Collagen powder systems * Protein powders
* Medium-to-high volume production « Collagen systems
* Batch Processing. * Nutraceutical blends
* Flavor incorporation * Functional beverage mixes

¢ Vitamin formulations
Ribbon mixers remain one of the most widely uti-

lized technologies for dry powder blending due Properly engineered ribbon

to their versatility, scalability, and relatively gen-

tle mixing action. mixers may also support:
* Liquid addition systems

These systems utilize inner and outer ribbon agi- « Spray nozzles

tators to create opposing material flow patterns, * Dust-tight operation

promoting efficient blending across large batch * Hygienic construction

volumes. * Easy-clean designs
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Paddle
Mixers

Best For:

* Fragile materials

* Gentle blending

* Rapid mixing

* Low shear applications
 Agglomeration control

Paddle mixers generate fluidized mixing action
with lower shear compared to some convention-
al blending systems. This can be advantageous
when processing fragile collagen structures or
sensitive peptide compounds.

Best For:

* High-value formulations

* Pharmaceutical applications
* Gentle mixing

* Precision blending

* Low batch volumes

Conical mixing systems are frequently utilized in
pharmaceutical and high-purity nutraceutical ap-
plications due to their gentle product handling
and highly efficient blending characteristics.
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These systems may improve:

* Blend homogeneity
* Mixing speed

* Product protection
* Powder fluidization
* Liquid dispersion

Paddle mixers are often selected for applica-
tions where preserving ingredient integrity is a
priority.

Conical
Mixers

These systems typically generate low shear
while achieving excellent homogeneity, making
them suitable for sensitive peptide formulations
and precision ingredient distribution.

Conical mixers are especially
valuable when processing:

* Expensive ingredients

* Heat-sensitive compounds

* Fine powders

« Segregation-prone formulations




Fluidized
Zone Mixers

Best For:

* Fast, high-efficiency powder blending

* Collagen powder systems

* Peptide carrier blends

* Nutraceutical formulations

* Functional beverage powders

* Micro-ingredient dispersion

* Liquid addition into powders

* Heat-sensitive ingredients requiring short
residence time

Fluidized zone mixers are one of the most valu-
able technologies for peptide and collagen pow-
der processing because they create a suspended,
three-dimensional mixing zone where particles
are rapidly and efficiently blended with minimal
mechanical stress. Instead of relying only on
slow bulk movement, the mixer generates a dy-
namic fluidized bed effect that allows powders
to move freely through the mixing chamber, im-
proving contact between particles and reducing
blend times.

This is especially important when working with
collagen peptides, functional proteins, flavors,
vitamins, minerals, sweeteners, and other nu-
traceutical ingredients that must be distributed
uniformly throughout a batch. In many formula-
tions, small ingredients may be included at very
low percentages, yet they must still be evenly
dispersed to ensure consistency from scoop to
scoop, capsule to capsule, or serving to serving.
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Fluidized zone mixers are also highly effective
when liquid additions are required. Ingredients
such as flavors, oils, lecithin, binders, or func-
tional liquid actives can be introduced through
spray nozzles and rapidly distributed across the
moving powder bed. When properly engineered,
the mixer can reduce hot spots, wet clumps, and
localized over-saturation, which are common
problems in conventional powder blending.

For collagen and peptide applications, the short
mixing times and efficient powder movement can
help reduce unnecessary exposure to mechani-
cal shear, heat buildup, and prolonged process-
ing. This makes fluidized zone mixing especially
attractive for high-value ingredients where prod-
uct integrity, uniformity, and processing efficien-
cy are all critical.

Fluidized zone mixers are
commonly selected when
manufacturers need:

* Rapid blend homogeneity

* Efficient micro-ingredient distribution
* Uniform liquid spray addition

* Reduced batch cycle times

* Gentle yet high-performance blending
* Improved powder dispersion

* Scalable production capability

In peptide and collagen manufacturing, the fluid-
ized zone mixer fills an important gap between
gentle blending and high-speed production effi-
ciency. It offers the speed manufacturers want,
while helping protect the quality of the ingredi-
ents being processed.




Modern peptide and
collagen manufacturing
increasingly relies on in-
tegrated systems rather
than standalone ma-
chines. Complete pro-
cess engineering may
involve:

Feeding systems
Milling systems
Air classification
Conveying

Dust collection
Blending
Agglomeration
Packaging
Containment
Validation systems
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System Selection

The interaction between these systems
often determines overall manufacturing
performance.

For example, an improperly designed
conveying system may damage delicate
particle structures created during micron-

ization. Likewise, poor dust collection inte-
gration may negatively impact both prod-
uct recovery and environmental safety.

Successful process design therefore re-
quires evaluating the entire manufacturing
workflow rather than individual machines
in isolation.

The Importance of
Process Engineering

Successful peptide and collagen
manufacturing is not simply about
purchasing equipment.

It is about understanding how pow-
ders behave throughout the entire
manufacturing process.

Every formulation behaves differ-
ently.

Every ingredient responds differ-
ently to heat, shear, moisture, im-
pact, and airflow.
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This is why advanced process en-
gineering has become increasingly
important within pharmaceutical,
nutraceutical, cosmetic, and bio-
technology manufacturing envi-
ronments.

The companies that succeed in the
future will not simply be those with
the best formulations. They will be
the companies engineering preci-
sion into every stage of production.
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