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Since their invention, microwaves have found signifi-
cant use in different fields, including medicines and food
processing, as well as sterilization of microorganisms for
use in biomedical treatment and research. Various scien-
tific studies have demonstrated microwave application’s
capability as clean technology and a veritable solution for
producing a pure and desirable drug candidate in bio-
nutraceuticals processing. Microwave treatment, there-
fore, offers an efficient approach by combining electro-
magnetic waves with multi-directional heating technolo-
gies. It provides the prospect of shorter processing times,
a better degree of selectivity, lower and greener energy
use for producing high-quality medicinal products. Ionic
conduction and dipole rotation have been identified as
critical fundamental phenomena underlying microwave
processing technology (1). In far too many cases, these
two phenomena occur concurrently, with ionic conduc-
tion providing a substantial opposition to ionic flow. This,
in essence, creates an impedance and heat generation in
the microwave cavity (2). Moreover, the dipole rotation au-
tomatically readjusts the molecular magnetic dipole to the
instantaneous electric field, prompting an ionic displace-
ment as the dipole spins about its axis. The electric field
generated inside the microwave cavity induces an ionic
current to flow through the medium, which is generally
the cause of its quick processing time and high-quality bio-
pharmaceutical production.

Ever since the development of industrial microwave
ovens in the late 1940s, the pharmaceutical and food in-
dustries have shown significant potential in utilizing the
technology due to their quick heating capabilities in en-
hancing product quality (3). In recent years, microwave
technology has gained attraction in the drying process,
biopharmaceutical synthesis, decontamination, drug ex-

traction, sample preparation via digestion, and microwave
thawing. For example, the use of microwave dryers by
pharmaceutical industries has proven to be an effective
and quality-enhancing technology (3). Due to the sensi-
tivity of pharmaceutical powders, the drying conditions
are generally governed by strict quality factors such as mi-
crowave power, temperature, and irradiation duration (3).
Because of the distinctive mechanism of microwave irradi-
ation, controlled heating of different materials is feasible
during drying. Microwave drying can thus be thought of
as a ’self-regulating’ heating process that allows for more
efficient energy use (4). Because of the intrinsic capability
to ’moisture level,’ the optimum moisture content within
the material is significantly smaller than in a traditionally
dried product, and the quality of these thermally sensitive
pharmaceutical products is sustainably retained. More-
over, the designing of sustained-release medication deliv-
ery systems like matrix and encapsulated tablets can be
strongly influenced by using microwaves technology with
the polymeric coating on the matrix altering tablet’s drug-
releasing properties. Microwave drying can be utilized to
dry polymer coating on the tablet. The standard solution
or dispersion of polymer is typically used to add the poly-
mer coat to the capsule. The resulting drug product is
more pliable, with a shorter drying time and greater ten-
sile strength than the oven- or air-dried films, but a signif-
icantly reduced level of tensile strength than that dried by
hot airstream (5).

Contemporary heavy metal regulatory standards have
mandated that the pharmaceutical sector screen a variety
of elemental contaminants in their raw materials, med-
ication products, and multivitamins (5). In furtherance
to this, microwave digestion is another application of mi-
crowave technology that is usually employed as one of
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the basic material preparation processes in pharmaceu-
tical applications for elemental determination. However,
it is important to note that the exact heating procedure
is dependent on the sample’s composition and quantity.
Heating digestion solutions using microwave has grown in
popularity in recent years. The digestions are conducted
in a closed system composed of chemically inert materials
that are microwave-transparent. Apart from accelerating
the reaction kinetics via the use of a closed vessel, imme-
diately heating the sample solution reduces digestion du-
rations even more. As a result, normal microwave diges-
tion only takes around an hour. Nevertheless, because the
fast heating is followed by a similarly quick pressure in-
crease and presumably spontaneously produced exother-
mic processes, the temperature development of each sam-
ple must be continually measured, and the microwave
power must be adjusted correspondingly. Pressure and
temperature should be tracked together for the sake of
safety, and this monitoring may also be utilized to con-
trol microwave power. The best possible process control
may be obtained in this manner. Understanding the ad-
vantages and disadvantages of various microwave digest-
ing processes is vital, especially for pharmaceutical formu-
lations, due to the stringent validation procedures.

Microwave-aided drug extraction is another important
technique for selective separation of active and inactive
components usually from plant materials. The conven-
tional procedures are usually time-consuming, solvent in-
tensive, and thermally degrading, which limits elucida-
tion of myriads of bioactive components in different plant
materials. The microwave-based technology, on the other
hand, enables an efficient and rapid extraction while us-
ing less solvent and protecting against dangerous pollu-
tants. This involves the use of ‘micro waves’ to heat sol-
vents and plant materials during the extraction process,
thus increasing the recovery kinetics of the bioactive con-
stituents. This is typically influenced by the interactions of
extracting agents (solvents) and electromagnetic/electric
field cycles (6). Due to the heat of activation and frictional
effect, the solvents-ions can migrate, and the affinity of the
solvent to absorb the energy generated by the microwave
electric and magnetic field is thus triggered by the extract-
ing agent’s dipole moment (7). Furthermore, microwaves
are one approach for thawing-freezing stored drugs. Mi-
crowave thawing is the process of bringing frozen medi-
cations to their normal physiological temperature before
delivery for injection purposes (5). One advantage of mi-
crowave thawing is that the physical and chemical stability
of pharmaceutical drugs is not affected, while processing
costs and time are reduced (8). Because of the uniformity
of the heating, precise thawing from the internal structure
to the outermost layer occurs, thus reducing undesirable

side reactions.
Microwave technology, therefore, offers a novel tech-

nique for controlling the physicochemical characteristics
and the therapeutic agents profiles without the use of ex-
treme heat, long processes, or harmful intermediate prod-
ucts. This has unambiguously shown a bright future in the
design of pharmaceutical formulations such as granules,
gel pellets, nanoparticles, micro-emulsion, capsules, and
film coatings (5). Thus, the microwave has the prospect to
adjust the physical and chemical properties of active ingre-
dients to achieve the desired oral bioavailability of phar-
maceutical products. However, the most significant draw-
back of microwaves, particularly in the drug development
field, is scalability (5). In pharmaceutical research, synthe-
sis scale-up from smaller to a large scale is critical, as this
is a frustrating barrier for today’s industrial biopharma-
ceutical technologists. Many small-scale syntheses cannot
be replicated for large-scale processing, or even explored
due to safety and cost considerations. There are currently
limited documented cases of microwave technology be-
ing used for biopharmaceutical synthesis on an industrial
scale. As a result, the scalability of microwave processes re-
mains unexplored, particularly in the fields of industrial
biopharmaceuticals with inherent techno-economic con-
siderations
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