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Abstract 
Objective: This literature review aims to highlight the dangers of microbial contamination in non-sterile 
medications, such as tablets and capsules, and to showcase methods for maintaining quality, safety, and 
effectiveness. 
Methods: The review synthesizes information on contamination sources (including raw materials, equipment, 
personnel, and environmental factors), exacerbating conditions (such as poor hygiene and inadequate 
maintenance), and mechanisms of microbial degradation. It also discusses the complexities of using 
preservatives, innovations like barrier technology and bacteriocins, and the effects of moisture, temperature, and 
nutrients on microbial growth. Effective microbial control strategies are explored, including rigorous material 
testing, adherence to Good Manufacturing Practices (GMP), environmental monitoring, and rapid detection 
techniques. 
Results: Evidence indicates that microbial contamination can severely compromise the integrity of non-sterile 
medications due to substandard materials and flawed manufacturing processes. Often, these medications degrade 
without visible signs, and preservatives can inadvertently support microbial growth. Factors such as moisture 
content, ambient temperature, and nutrient availability facilitate microbial spread. Strong controls emphasizing 
rigorous testing, compliance with GMP, and the application of advanced preservation techniques are essential to 
mitigate these risks. 
Conclusion: To ensure that everyday medications are safe and effective, a multifaceted approach to microbial 
control is essential. This includes a focus on GMP, innovative technologies, thorough monitoring, and 
comprehensive staff training to enhance the safety and quality of pharmaceutical products. 
Keywords: Contamination, Hygiene, Manufacturing, Packaging, Preservation, Environment, Compliance. 
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Introduction 

Microbial contamination in non-sterile 
pharmaceutical dosage forms poses a vital risk to 
public health, impacting pharmaceutical quality and 
safety and emphasising the need for strict control 
and monitoring during the formulation and 
manufacturing processes [1]. Although not 
mandatory to be free from microorganisms, 
nonsterile dosage forms have limits concerning 
microbial content to be safe for patients and 
effective for the product. Especially in neonates, 
children, the elderly, and cancer patients, the risks 
of microbial contamination become even more 

significant as the microflora of these vulnerable 
groups are altered [2]. They are less able to fight 
infections, making them more vulnerable to the 
harmful effects of contaminated medicinal 
products. Even minor microbial contaminations can 
cause secondary infections, exacerbating medical 
conditions and setbacks in therapeutic endeavours 
[3]. Microbial contamination of pharmaceutical 
products can arise from several sources, including 
raw materials such as active pharmaceutical 
ingredients (APIs), preservatives, sweetening 
agents, and water, as well as manufacturing 
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equipment, personnel and environmental sources 
[4-5]. Careful monitoring of these possible sources 
is critical to detect and remove contamination risks. 
The Earth has antiseptic levels associated with a 
significant degree of microbial contamination that 
will not only retain the sterility of the product but 
will also change the colour, profile, consistency, 
and appearance. The other examples of the stated 
are powders and tablets, which show textural 
changes; gels and creams, which show consistency 
changes; emulsions, which show phase inversion; 
and turbid solutions and syrups. Such adjustments 
may have an impact on both the aesthetic 
appearance of the product as well as patient 
compliance and overall effectiveness [6]. Outcomes 
of contaminated non-sterile product usage spread 
beyond the spectrum of patient health, including 
financial losses for pharmaceutical manufacturers 
by way of product recalls and reputational damage 
and liability. In addition, the changed therapeutic 
properties of adulterant drugs may potentially 
affect treatment outcomes, which may further 
contribute to increased healthcare costs [7]. 

Methodology 

Microbial contamination poses a challenge for 
non-sterile solid dosage forms in 
pharmaceuticals. 

The contamination of non-sterile solid dosage 
forms can be considered an ongoing and intricate 
problem throughout the pharmaceutical industry. It 
requires strict control, starting from product 
development to production [9]. These dosage 
forms, including tablets, capsules and dry powder 
suspensions, utilize various active and inactive 
ingredients produced using various processes [8]. 
These processes cover the full spectrum, from 
fermentation and extraction from natural sources to 
chemical synthesis and new biotech processes. 
However, these raw materials can also serve as a 
possible entry point for microbial contaminants, 
which, if not treated quickly, can multiply and 
spread throughout the manufacturing process, 
resulting in the final product being of poor quality 
and safety [9]. This risk is amplified by the 
numerous potential contributing factors to the bio-
burden at every manufacturing step. These factors 
include the bacterial burden of raw materials, 
hygiene practices among personnel, the design and 
upkeep of processing equipment, the ambient 
environment within the manufacturing facility, and 
the quality of packaging materials [10]. Most raw 
materials harnessed during pharmaceutical 
manufacturing inherently favour the growth of 
microbes (moisture and nutrient contents are key 
factors). Oral solid dosage forms, including tablets, 
capsules, and dry powder suspensions, are 
particularly at risk for microbial degradation or 
spoilage [11]. In tablets, microbial contamination 
is dreadfully malignant and deceivingly harmless 

due to the absence of spoilage matter [12]. 
Understanding the full extent of bio-burden in both 
sterile and non-sterile pharmaceutical products is a 
fundamental requirement. Although preservatives 
prevent microbial growth, they can function as a 
contaminant source by some microorganisms 
capable of using them as a nutrient source [13]. 
Such a trade-off implies a trade-off in product 
quality and safety, an equation of balancing, 
keeping the impossible unchanged. It requires a 
broader approach, with robust raw material testing, 
GMP compliance, environmental monitoring and 
preservative geosensitization [14]. These steps 
must be followed to stop hazards related to 
microbial contamination and ensure the safety and 
efficacy of non-sterile solid dosage forms [15]. 
Tablets and capsules are the workhorse of 
pharmaceutical medicine. They are formulated to 
provide a specific and complete dose of the active 
pharmaceutical ingredient (API) required for the 
intended therapeutic effect [16]. These solid dosage 
forms are formulated with a certain amount of 
excipients and active pharmaceutical ingredients 
(API), each chosen based on its contribution to the 
drug product's performance, stability, and 
bioavailability [17]. Nevertheless, microbial 
contamination can endanger the quality and 
effectiveness of these critical drugs, making it 
essential to control the quality at all stages of 
production. Lactose, considered one of the most 
employed excipients in tablet formulations owing to 
its good compressibility and compatibility, is also a 
suitable substrate for microbial growth. This may 
lead to a noticeable change in the colour of the 
tablets, quite often observed as brown colour, which 
is simple evidence of microbial activities and 
degradation of the quality of the tablet [18]. 

Tablets and capsules are solid dosage forms 
susceptible to microbial contamination. 

Aside from colour changes, microbial 
contamination can also produce various distinct 
physical defects in tablets, such as cracks, rough 
surfaces, and chemical transformations where 
microbial enzymes may act on commercial tablet 
constituents such as starch [19]. These changes may 
affect the binding property of the tablet (both 
mechanical and pharmaceutical), resulting in a shift 
in the disintegration character after manufacture 
and, more importantly, during storage or after 
administration [20].  

Microorganisms can also degrade capsules, 
especially those in which starch is used as a binder. 
Starch may also be metabolized by microorganisms, 
resulting in soft and fragile capsules, which may 
lead to a loss of the performance of the capsules to 
protect the drug from environmental factors [21]. In 
addition, microbial contamination can significantly 
delay the dissolution time of capsules during 
storage, which is likely to prevent the drug from 
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being released and absorbed by the body and then 
losing the therapeutic effect [22]. Due to these 
risks, thorough microbial control measures are 
needed to protect tablets and capsules' quality, 
safety and effectiveness [23]. This involves testing 
raw materials, compliance with good manufacturing 
practices (GMP), environmental monitoring of 
production facilities, and ensuring appropriate 
preservation methods are used. Pharmaceutical 
manufacturers can proactively address the 
challenges associated with microbiological 
contamination so that patients can receive safe, 
effective medications that provide the therapeutic 
benefits intended [25]. 

Environmental factors play a key role in 
determining microbial growth. 

Nutritional Factors 

Microorganisms require numerous nutritional 
factors to maintain metabolic processes and 
promote growth. These nutrients are usually 
acquired through formulation additives, the 

building blocks for biosynthesis and replication 
[26]. Including crude plant or animal products in 
pharmaceutical formulations may further enrich the 
nutrient milieu, thus supporting a microbiological 
environment more conducive to growth [27]. The 
ion exchange treatment that produces deionized 
water often adds enough nutrients for species such 
as Pseudomonas to thrive [28]. Pharmaceutical drug 
delivery systems may not specifically supply acute 
pathogens with the growth factors necessary for 
optimal growth. As a result, the pathogen can still 
survive, grow and remain viable within the product 
[29]. Although they do not actively replicate, they 
remain capable of causing an infection when the 
right circumstances arise, thus representing a 
danger to patient safety [30]. For this reason, 
understanding the relevant nutritional components 
within pharmaceutical formulations and employing 
strategies to decrease the chances of microbial 
contamination and possible subsequent infection are 
extremely important. 

Moisture Content or Water attack 
 

 
Figure 1: Illustrating the Environmental factors play a key role in determining microbial growth. 

 
Water availability is a major limiting factor of 
microbial growth. For metabolic activities and 
replication, microorganisms need unbound water 
that is easily accessible. Since aqueous 
formulations deliver this water as part of their 
essence, they are especially prone to microbial 
contamination [31]. Lowering the water activity is 
one approach to limiting the growth of microbes in 

aqueous formulations. This can be done using 
and/or a high concentration of solutes, e.g., sugars 
and polyethene glycol (PEG), which bind to water 
molecules, reducing the pool of water available as 
free water [32]. Processes like drying can also 
significantly reduce water activity by immobilizing 
water from the formulation itself. Even dry 
products like tablets and bulk solids can be 
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susceptible to microbial growth [33]. When 
properly packed, condensation water films can 
form on these products if stored in more humid 
environments. These water films create a micro-
environment with high water activity sufficient for 
the growth of microorganisms, especially fungi. 
Spoilage and degradation of solid dosage forms and 
the risk of an opportunistic fungal infection in 
patients can be caused by fungal growth [34]. 
Thus, humidity and water activity must be 
controlled throughout the manufacturing, storage 
and packaging processes to avoid potential 
microbial contamination and ensure the integrity of 
pharmaceutical products [35]. 

Redox Potential 

The redox potential (Eh), an environmental 
parameter indicating the tendency of a chemical 
species to gain or lose electrons, affects microbial 
development and metabolism. Microorganisms 
need a certain balance of oxidation-reduction to 
perform their key roles, energy generation and 
biosynthesis of cellular components [37]. The 
availability of electrons for metabolic processes in 
an oxidative environment is dictated by the redox 
potential of the surrounding environment, which in 
turn controls this balance. The redox potential is 
also important in regard to microbial spoilage, 
especially in emulsion systems due to the existence 
of both aqueous and oil phases [38]. Lipids, the 
major components of emulsions, contain 
polyunsaturated fatty acids that are prone to 
oxidative reactions [39]. These oil-containing 
environments are rich in oxygen molecules, and 
redox reactions may occur to break up the 
emulsion [39]. Microorganisms can, for instance, 
catalyze the oxidation of unsaturated fatty acids 
present in an oil-in-water emulsion leading to 
rancidity, off-flavors, and unwanted byproducts. 
Such variations can destabilize the emulsion 
resulting in droplet coalescence and phase 
separation, and finally cause the product to be 
rejected [40]. Additionally, it has been shown that 
redox potential affects which microorganisms can 
grow in the emulsion as aerobic bacteria will grow 
at higher redox potentials and anaerobic bacteria 
will grow at lower redox potentials [41]. 
Controlling the redox potential of emulsions is 
important for maintaining product quality and 
avoiding microbial spoilage in order to minimize 
these risks [41]. This can be done by the addition 
of the antioxidants, which prevent oxidation 
reactions, the use of inert packaging materials that 
minimize oxygen content, and proper storage 
conditions as low temperature, which reduce 
microbial proliferation and enzyme activity [42]. 

Effect of temperature on Storage Condition 

The storage temperature image is essential in 
preventing microbial growth in pharmaceutical 

preparations [44]. Liquid dosage forms such as 
multi-dose eye drop packs are usually suggested to 
store in the range of 8– 12°C; continued duration at 
this temperature range is beneficial for retarding 
the growth of microorganisms in storage as well as 
usage hence, maintaining the product quality and 
safety[45]. Due to the potential contamination by 
gram-negative bacteria, particularly in water for 
injection, specific treatments and a strict system are 
required [46]. Before packaging, water needs to be 
distilled and sterilized at 80°C, as this step removes 
or minimizes the number of microorganisms so the 
water will be safe for pharmaceutical use [47]. The 
number of viable organisms in non-sterile products 
has been estimated in several studies for microbial 
contamination [48]. Often, these studies are even 
more oversimplified, utilizing counting methods to 
determine the burden of contamination. In liquid 
oral dosage forms, the microbial load has been 
assessed at prolonged storage intervals (0, 6 and 12 
months) to identify the effect of storage conditions 
on certain levels of microbial contamination [49]. 
Dosage forms can slightly differ in the extent of 
microbial contamination, where tablets usually 
show the least amount of microbes and suspensions 
show the most. In addition, contamination at 6 and 
12 months may vary significantly from the level 
found at the original time point (0 months), likely 
due to storage conditions [50-51]. 

pH 

The pH level of the environment is an essential 
variable that has pronounced effects on microbial 
proliferation [52]. pH is the measure of acidity or 
alkalinity of a solution on a scale of 0 to 14, where 
seven is neutral, lower is acidic, and higher is 
alkaline or basic. Like all living organisms, 
microorganisms have specific pH ranges that 
determine the conditions of their survival. Outside 
of these ranges, growth may be inhibited or even 
fatal. Like most living organisms, bacteria grow at 
specific pH ranges — most between 6.5 and 7.5, as 
neutral pH areas are better for enzyme activity and 
nutrient transport to be carried out in neutral pH 
conditions. This is because the cytoplasmic pH of 
bacteria is close to neutral, and maintaining the 
internal pH is critical for their cellular activities. 
Acidic or alkaline conditions break the cell 
membrane, denature proteins & disrupt 
metabolism For example, key macromolecules can 
be hydrolyzed with strong acids or bases, causing 
cell death [53]. It does not work with all the 
microorganisms because some cannot grow in 
neutral environments. For example, fungi are 
typically more tolerant of acidic conditions than 
bacteria, as many can grow optimally at pH 4 to 6. 
This is also why pickles and sauerkraut are usually 
more fungus spoiled than bacteria spoiled (both are 
acids)[54]. In the same way, certain bacteria, 
called acidophiles, are specialized to live in highly 
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acidic settings, such as in volcanic hot springs or 
acid mine drainage [55]. These organisms have 
developed strategies to keep their internal pH near 
neutral despite external low pH, often through 
specialized membrane transport. On the other hand, 
alkaliphiles live in very alkaline habitats like soda 
lakes and adopt the same tricks to regulate 
cytoplasmic pH [56]. Buffers are solutes that can 
resist the change in pH, meaning growth medium, 
sometimes called an environment, and medium. At 
the same time, pH can be controlled through them 
[57]. It is common practice to add buffers to 
microbiological press to maintain the pH in the 
desired range for the target microorganism. In 
industrial processes, including but not limited to 
fermentation, pH control is essential for both 
maximizing product yield and controlling 
undesired microorganism growth [58]. 

Salinity 

Salinity, the level of salts in solution, is another 
important environmental factor that has a 
significant effect on microbial growth. The action 
of salts, especially sodium chloride (NaCl), on 
microorganisms is mainly by osmotic pressure 
[59]. Osmotic pressure is the pressure needed to 
stop the net flow of water through a semipermeable 
membrane and is directly proportional to the 
concentration of the solute in the solution [60]. To 
stay alive, microorganisms need a specific turgor 
pressure—the internal pressure from a cell's 
contents pushing against its wall. Suppose we put 
an organism in a hypertonic environment (the 
surrounding environment has a salt concentration 
higher than that of the cytoplasm of the cell) by 
osmotic pressure [61]. In that case, the water will 
leave the cell, leading to plasmolysis. Plasmolysis 
refers to the shrinkage of the cell membrane from 
the cell wall and can affect growth or even result in 
cell death [61]. Alternatively, suppose a 
microorganism is placed in a hypotonic solution (a 
solution with a lower salt concentration than the 
organism's cytoplasm). In that case, water will 
enter the cell through osmosis. If the cell wall is 
weak and cannot withstand the pressure, this influx 
of water will swell the cell and cause it to lyse or 
rupture [61]. Isotonic or slightly hypotonic 
environments (where the salt concentration is 
similar or somewhat lower than the cytoplasm of 
the bacteria) are most favourable for bacteria. 
However, specific microorganisms called 
halophiles can thrive in high salt concentrations. 
Salt concentrations of 2 – 15% are suitable for 
moderate halophiles and above 15% for extreme 
halophiles (15 – 30% and above). They have 
developed numerous mechanisms to deal with the 
osmotic pressure due to high salt, including the 
accumulation of compatible solutes (glycerol or 
betaine) in their cytoplasm to equalize external 
osmotic pressure [62]. Several salts can be added or 

removed from a growth medium or an 
environment to regulate the salinity. In food 
preservation, for example, high amounts of salt 
slow down microbial growth and avoid spoilage. 
Salting to preserve meats is based on the ability of 
this technique to reduce water activity and create a 
hypertonic environment that is inhospitable to 
most spoilage bacteria [63]. 

Pressure  

Hydrostatic pressure is a powerful environmental 
pressure affecting the growth and life of most 
organisms, predominantly microbes, even in the 
deep sea. Hydrostatic pressure is the pressure of a 
fluid at rest due to gravity [64]. Hydrostatic 
pressure can be extreme when venturing into the 
deep ocean, where pressures easily exceed 1,000 
atmospheres at the deepest trenches. Greater than 
90% of microorganisms are under optimal 
conditions at atmospheric pressure (1 atmosphere). 
High hydrostatic pressure inhibits or kills most 
microorganisms [65]. On the other hand, specific 
microorganisms, called barophiles or piezophiles, 
prefer and thrive in pressure conditions. These 
organisms have developed unique strategies to 
survive the pressure-induced impacts on their cell 
structure and function [66]. Microbial cells can be 
impacted by high hydrostatic pressure in various 
ways. It may shrink cell membranes, change how 
proteins fold and stabilize them, and even suppress 
how enzymes function. Barophiles also have 
special adaptations to combat these effects, such as 
cell membrane refinements to keep fluid at 
pressure, standard piezo tolerant or piezophilic 
enzyme production, which works best at high 
pressure, and the synthesis of compatible solutes, 
which plays a protective role in preventing protein 
para-identification [67]. Barophiles are primarily 
found in the sediment fields of deep-sea and 
hydrothermal vents and other high-pressure 
environments. They serve crucial functions in 
nutrient biogeochemical cycling and organic matter 
decomposition in these ecosystems. Barophiles 
have helped scientists understand the limits of life 
on Earth and the possibilities of other life on other 
planets under high-pressure conditions. For 
instance, the finding of barophilic – pressure-
loving – microbes in the Marianas Trench, the 
deepest part of the ocean, has broadened our 
perception of the resilience of life. One can test the 
growth and physiology of barophilic 
microorganisms in the laboratory under controlled 
conditions using specialized equipment, such as 
high-pressure reactors [64]. 

Radiation 

Radiation, encompassing both ionizing and non-
ionizing forms, exerts significant effects on 
microbial growth, from inhibition to sterilization. 
The impact of radiation on microorganisms 
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depends on the type of radiation, its intensity, and 
the duration of exposure [68]. 

a. Ionizing Radiation: Ionizing radiation, 
through gamma rays, X-rays, and high-energy 
electron beams, is very efficient for material 
sterilization and microbial growth control [69]. 
Based on direct damage to DNA, RNA, and 
other cellular components causes cell death. 
Strand breaks, nucleotide base modifications, 
and reactive oxygen species production that 
damages additional cellular macromolecules 
are some of the direct mechanisms through 
which ionizing radiation inflicts DNA damage 
[70]. The antibacterial property of ionizing 
radiation varies with the dose used, and more 
significant microbial inactivation occurs as the 
dose increases [71]. Ionizing radiation is 
frequently utilized to sterilize medical 
instruments, pharmaceuticals, and food. It has 
multiple benefits compared to other 
sterilization techniques, such as penetrating 
packaging materials and having low residue 
levels [72]. 

b. Non-ionizing Radiation: However, antibiotics 
are weaker than ionization radiation because 
they are non-ionizing radiation, such as 
ultraviolet (UV) light. DNA absorbs UV light 
(UV-C, 200–280 nm) and produces pyrimidine 
dimers that distort the DNA helix and inhibit 
replication and transcription. Such damage 
may either suppress the growth or kill the 
microbes [73]. Ultraviolet light is widely 
applied in surface disinfection, air 
purification, and water treatment. It works on 
most microorganisms as it has a broad-
spectrum activity against bacteria, viruses, and 
fungi. UV light is also inadequate in 
penetration, so it would only help those 
surfaces directly in the radiation path [74]. Its 
effectiveness depends on numerous factors, 
including distance from the UV source, 
duration of exposure, and whether shielding 
materials are involved [75]. Microorganisms, 
however, are not equally vulnerable to 
radiation. Different species can repair DNA 
damage well or have pigments protecting them 
from radiation [76].  
As an example, a highly radiation-resistant 
bacterium known as Deinococcus radiodurans 
can survive doses of radiation that would be 
fatal to most other living creatures. Effects of 
radiation on microbial growth: The impact of 
radiation on organisms depends on many 
factors like the level of oxygen, temperature 
and pH of the medium. Radiation is an 
effective means for microbial growth control in 
diverse microbiological environments. Yet, it 
is critical to safely use it with controlled 
precision to provide the desired microbial 
inactivation efficiency [77]. 

Gases 

Different gases available in the environment like 
oxygen, carbon dioxide, nitrogen, and many others 
can regulate profound microbial growth and 
metabolism. Micro-organisms show varying 
responses to these gases, from an essential 
requirement to an inhibitory effect [78]. 

a. Oxygen:  Oxygen is a key gas for aerobic 
microorganisms as it is the terminal electron 
acceptor that can participate in the respiratory 
chain to help produce energy. Aerobes utilize 
oxygen to oxidize organic compounds and 
produce ATP (the universal energy currency 
of the cell). But, for some microorganisms — 
particularly anaerobes — oxygen can be toxic, 
as they do not have the enzymes that convert 
reactive oxygen species produced during 
aerobic metabolism (such as superoxide 
radicals, hydrogen peroxide and hydroxyl 
radicals) into intermediates that will not 
damage cells[79]. These anaerobes live in 
anoxic zones like marine muds, the intestines 
of animals, and closed containers. Facultative 
Anaerobe: Some microorganisms can grow in 
both the presence or absence of oxygen, and 
are called facultative anaerobes. Like all 
organisms aerobic respiration and in lack of 
oxygen they use anaerobic respiration or 
fermentation instead [80]. 

b. Carbon Dioxide: A third key gas, CO2 
concentration, also influences microbes' 
growth. Autotrophic microorganisms and 
others use CO2 as the primary carbon source 
for synthesising organic compounds in the 
process known as carbon fixation [80]. It 
includes photosynthetic bacteria, algae, and 
plants (all autotrophs). In contrast, 
heterotrophic microorganisms acquire carbon 
from organic compounds. It is also an effector 
of microbial metabolism (regulator of CO2). 
A great example of this would be the effects of 
CO2, as high concentrations can halt the 
growth of certain bacteria while low 
concentrations can trigger the development of 
other bacteria. Controlled atmosphere storage 
with CO2 is commonly employed to prolong 
the postharvest life of fruits and vegetables by 
suppressing spoilage microorganisms. 

c. Nitrogen: Nitrogen is an important growth 
limiting factor as it is a cellular constituent of 
proteins, nucleic acids, and other important 
cellular components. As air is 80% nitrogen 
gas (N2), the vast majority of microorganisms 
cannot directly access its nitrogen and depend 
on fixed nitrogen in forms like ammonia 
(NH3) or nitrate (NO3-). Nitrogen-fixing 
bacteria can fix N2 into NH3. These bacteria 
are key in the nitrogen cycle, providing 
nitrogen to other organisms [81]. 
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d. Other Gases: Depending on conditions and 
species, other gases, including hydrogen 
sulfide (H2S), methane (CH4) and sulfur 
dioxide (SO2), are also relevant for microbial 
growth. A handful of microorganisms may be 
able to consume these gases as energy sources 
or act as terminal electron acceptors in their 
metabolism. Factors of gases affecting 
microbes can modulated to manage microbial 
populations. Modified atmosphere packaging 
(MAP), MAP is used in order to change the 
gas state inside a package to prevent spoilage 
microbes from median level and to slow down 
the spoilage of a food item[82]. 

Packaging Design 

Packaging is one of the essential barriers 
preventing microorganisms from accessing the 
production and storage environments that 
ultimately maintain the sterility and integrity of 
pharmaceutical products [83]. Different packaging 
designs and materials are directly responsible for 
products more prone to microbial contamination 
during transportation, storage, and use. While it 
protects the product from polluting 
microorganisms, it will also help prevent 
microbiological degradation and stabilize its 
efficacy over shelf life [84]. Certain types of multi-
dose injection containers are made with self-seal 
wads capable of resealing after use to prevent the 
entry of potentially harmful microorganisms into 

the vial. This becomes crucial if the product is used 
repeatedly because there can be a new point of 
contamination every time [85]. In the same way, 
the shift from wide-mouthed cream jar containers 
to narrow-noz-zle, plastic, screw-capped tubes is a 
big step toward minimizing the contamination of 
creams during application[86].  

Using a more excellent nozzle helps keep contact 
with the environment less, whilst using an irregular 
tube is best on the ground to dispense rightly 
without contact with your hands. The screw-capped 
closure helps the well-sealed and prevents microbes 
from entering [87].  

The study reported some formulations included the 
common environmental fungi Aspergillus and 
Penicillium but at low levels. Nevertheless, the 
findings also showed that blister packaging 
provides significant protection from microbial 
contamination, allowing for safe, quality tablets.  

However, unlike other packages that may need to 
be improved to ensure their quality and contain no 
microbes, meat in these packages was not exposed 
to the microbial environment [88]. Improvements 
that could be made include using less permeable 
material, having a tamper-evident seal, and being 
filled aseptically. Pharmaceutical companies can 
structure the design and material of their packaging 
to reduce any risk of microbial contamination, thus 
ensuring that these products remain effective and 
safe for patients [89]. 

 
Table 1: Control Measures for Preventing Microbial Contamination in Non-Sterile Dosage Forms 

Control Measure Description Purpose 
Intensive Cleaning and 
Disinfection 

Implement routine cleaning protocols 
using approved agents. 

Reduces microbial load in the 
manufacturing environment. 

Environmental Monitoring 
Programs 

Conduct regular air, surface, and 
personnel sampling. 

Detects and identifies sources of 
contamination. 

Personnel Training Train staff in proper hygiene and aseptic 
techniques. 

Minimizes contamination risks from 
personnel. 

Equipment Design Design equipment for easy cleaning and 
maintenance. 

Limits microbial proliferation and 
contamination. 

Water Quality 
Management 

Ensure high quality of water used in 
formulations. 

Prevents microbial contamination from 
water systems. 

 
The tablet compaction process impacts 
microbial survival. 

The compacting step in tablet production is a key 
process where it influences not only the physical 
properties of the tablet, but also plays a major role 
in affecting microbiological quality [90].  

Microorganisms that could affect the safety and 
efficacy of the final product are present in the raw 
materials used in tablet manufacturing like active 
pharmaceutical ingredients (APIs) and excipients. 
The topic of microbial quality assessment of such 
raw materials to recognize contamination sources 
has been addressed in previous studies and remains 

crucial [90]. Tablets are typically prepared via 
either direct compression, or the moist granulation 
methods. There is also direct compression where, 
similar to the name, a mixture of powdered 
ingredients is compressed directly into tablets and 
moist granulation where liquid binder is added to 
powdered ingredients to form granules that are then 
dried and compressed. In both approaches, the 
respective compliance with pharmacopeial limits is 
assessed as the minima of the permissible 
microbial level. It has been reported in the 
literature that microbial activity in raw material 
and formulation methods can influence the tablet 
properties [92]. The results suggest that the 
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microbial quality of the final product could be 
influenced by microbes in the raw material or by 
microbes that were introduced into the 
manufacturing processes. Contamination can be 
possible from the substances themselves to the 
environment and equipment [93]. However, the 
levels are usually lower than other dosage forms, 
such as liquid or cream, in the tablets. This is 
because of compaction, mainly when tablets are 
produced by direct compression or granulation. 
Compaction during soil formation can exert high 
pressures that are lethal to microbes [93].  

Aspergillus niger which is a common mould, were 
studied for lethal compression showing the 
relevance of the finding to the direct compression 
materials. Results indicated that the survival of 
Aspergillus niger is significantly less affected by 
low compression pressures. Still, they found that 
killing microbes is more effective at higher 
pressures [94]. This is due to the fatal compression 
method that creates the shear forces that arise from 
movement between fundamental particles. On top 
of physical forces, this dissolves those microbial 
cells, causing them to be inactivated or dead. In 
addition, the study said that determining the range 
of pressure needed to kill microorganisms 
effectively depends on their size and the phase 
properties of the inactivating agents present in the 
tablet formulation. It can tailor the compaction 
process to provide the necessary microbial kill 
while still producing tablets with the desired 
properties [95]. 

Evaluation and Prevention of Contamination. 

Biofilm Formation 

A significant issue in non-sterile pharmaceutical 
manufacturing is biofilm formation by microbes, 
which can result in the sporadic persistence of 
contamination with microbes over time. Biofilms 
are sessile communities of microorganisms 
embedded in layers of EPS, which attach to 
surfaces [96]. This matrix protects the 
microorganisms against disinfectants, sanitisers and 
sometimes even sterilization procedures, which 
makes them challenging to eliminate. Biofilms can 
develop on the surface of pipes, tanks, and other 
equipment in water systems, creating a constant 
source of microbial contamination [97].  

These microbes can then be transferred to the H2O, 
polluting the final product. Biofilms can lead to 
product recalls, affecting product quality and 
detrimental to patients [98]. The most effective 
control strategies may include biofilm-resistant 
materials, developing vigorous cleaning and 
sanitization programs, and regular monitoring of 
biofilms to control biofilms. Preventative measures 
are essential for preserving the non-sterile dosage 
form and safeguarding the patient [98].  

Water Quality and Microbial Control in Water 
Systems 

Water plays a vital role in manufacturing non-
sterile dosage forms and directly affects the 
microbial load of the product. Water is treated in a 
multifaceted way as it must fulfil high standards of 
quality before being doled out of the water system 
[99]. The United States Pharmacopeia (USP) and 
other regulatory authorities offer recommendations 
about water quality with characteristics including 
permissive levels of microorganisms and 
endotoxins [100]. Routine surveillance of potable 
and other water systems is essential to respond to 
any microbial contamination of water efficiently. 
Among these, even sterility testing, total aerobic 
microbial count, objectionable microorganisms, 
and endotoxins not end-to-end with various objects 
will be tested in millions of pathways [101]. 
Filtration, followed by UV (ultraviolet) 
sterilization, ozonation or chlorination, provides 
effective control measures for reducing the 
microbiological load of water. 

Additionally, proper design and maintenance of 
the water systems are needed to prevent microbial 
proliferation and biofilm formation [102]. In 
addition, cleaning and sanitization processes must 
be validated to kill any remaining bacteria. For 
non-sterile dosage form manufacturers, the risk of 
contamination can be reduced by upholding 
rigorous water quality requirements and effective 
microbial control strategies [103]. 

Risk Assessment and Management 

Therefore, risk assessment and management are 
critical in preventing microbial contamination from 
occurring during non-sterile pharmaceutical 
manufacturing. For this reason, risk assessment 
comprises identifying potential sources of 
contamination and assessing the probability and 
consequence of a contamination event, as well as 
control measures required to offset such risks.  

By fortifying their practices with this type of risk 
management process, manufacturers can turn their 
efforts to preventing contamination from the get-
go. Risk assessments should consider the 
environments in which products are manufactured, 
the equipment used, the raw materials themselves, 
and personnel practices [105]. Tools like Hazard 
Analysis and Critical Control Points (HACCP) and 
Failure Mode and Effects Analysis (FMEA) are 
employed in risk assessments. When risks are 
determined, one can apply the proper controls like 
more intensive cleaning and disinfection, better 
design of equipment, and more personnel hygiene 
[106]. The risk assessment needs to be reviewed 
and updated regularly to ensure that control 
measures are effective. There are many ways 
manufacturers can ensure non-sterile dosage forms 
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are safe and effective, but a robust risk 
management program will help prevent microbial 
contamination from occurring at all[107]. 

Impact of Manufacturing Environment 

The manufacturing environment influences the 
microbiological quality of non-sterile dosage 
forms. We are talking about the air or components, 
equipment or personnel, which are potential 
sources of microbial contamination within the 
manufacturing facility [108]. If the design and 
maintenance of facilities are improper, suitable 
conditions for microorganisms could be created and 
contaminate products, which could become a health 
risk. Environmental Monitoring Programs are 
integral to determining the microbial load within 
the manufacturing surroundings. Regular air, 
surface and personnel sampling and testing to 
detect and identify microorganisms are required 
and included in these programs [109]. To maintain 
a clean and controlled environment, control 
measures like air filtration, regular cleaning and 
disinfection, and proper management of waste are a 
must. Training of personnel in hygiene and aseptic 
techniques is also essential to reduce the risk of 
contamination [110]. It is essential to ensure that 
the manufacturing facility is designed in such a 
way that it is easy to clean so that dust and dirt do 
not accumulate. Maintaining a controlled 
environment of manufacturing helps in the 
reduction of the risk of microbes contaminating the 
non-sterile dosage forms and thereby assures 
product quality [111]. 

Novel Preservation Techniques 

Recent advances in preservation methods are 
constituent because of their energy in 
accommodating the microbial aptitude of non-
sterile dosage forms. Conventional preservation 
requires chemical preservatives but has limited 
functions and may be toxic [112]. Innovative 
strategies provide new avenues for suppressing 
microbial growth that do not depend exclusively on 
conventional preservatives. One such approach is 
hurdle technology, where different preservation 
methods are combined to achieve a synergistic 
effect on the growth inhibition of microorganisms 
[113]. These methods can also be used in 
synergistic combinations (e.g., reduced water 
activity + modified atmosphere packaging + natural 
antimicrobials).  

Bacteriocins, which are antimicrobial peptides 
produced by bacteria that inhibit the growth of 
other microorganisms, are another promising area. 
These can be incorporated into formulations to 
offer extra protection against microbial spoilage 
[114]. In addition, high-tech packaging solutions — 
for example, antimicrobial packaging materials — 
can inhibit the penetration and development of 

microbes. Using alternative preservation methods 
offers manufacturers an opportunity to enhance the 
microbiological quality and safety of non-sterile 
dosage forms [115]. 

Rapid Microbiological Methods (RMM) 

The RMM or Rapid Microbiological Methods 
include a large group of high-performance testing 
methods that detect and quantify microorganisms 
more rapidly and accurately than classical 
techniques [116]. However, traditional 
microbiological testing takes time, with results only 
available several days after the sample is taken. 
One of the most significant benefits RMM provides 
is that as it helps you get results faster, it enables 
you to make quick decisions & release your 
product faster. PCR (polymerase chain reaction), 
which detects microbial DNA, and flow cytometry, 
which counts and sorts microbial cells according to 
their physical and chemical characteristics, are 
examples of RMM [117]. They can take a few 
hours to provide results compared to traditional 
culture-based methods, which can take days. 
Principle: RMM can also be more sensitive and 
specific, enabling the detection of lower 
contamination levels and particular 
microorganisms. It allows for streamlined 
microbial testing, shorter product timelines, and 
improved contamination response when RMM is 
implemented. Although they are a more labour-
intensive method, RMM may be worth the 
advantages of quicker and more accurate outcomes 
as an instrument for microbial control in non-
sterile pharmaceutical production [118]. 

Regulatory Considerations and Guidelines 

Regulatory aspects are one of the general principles 
of ensuring microbial quality of non-sterile dosage 
forms Regulatory guidance and standards by 
various regulatory authorities like the FDA, EMA, 
and USP must be followed by manufacturers for 
product safety and efficacy [119]. They also 
include water quality, environmental monitoring, 
cleaning and sanitation, and microbial tests. 
Regulatory compliance is critical for 
pharmaceutical products to secure and retain 
marketing authorization [120-121].  

Regulatory inspections are performed to confirm 
that the manufacturer is producing medicines 
under good manufacturing practices (GMP) 
regulations and according to prescribed guidelines 
[122]. Failure to meet regulatory obligations could 
lead to warning letters, recalls and further 
enforcement action. Facing up to compliance 
requirements Periodic compliance with the latest 
regulatory requirements and guidelines is critical 
for manufacturers to avoid being left out of the 
loop [123]. This involves attending industry events, 
scanning regulatory journals, and contacting the 
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regulatory community for input. Regulatory 
considerations and guidelines help manufacturers 
to maintain the microbial quality and safety of 
non-sterile dosage forms [124]. 

Acceptance Criteria Table for Microbiological 
Quality of Non-Sterile Dosage Forms 

Microbiological Quality Acceptance Criteria Set by 
European Pharmacopoeia (2010) for Various Non-
sterile Dosage Forms Route of administration 
Dosage formTotal Aerobic Microbial Count 
(TAMC) (cfu/g or CFU/ml)Total Yeast and Mould 
Count (TYMC) (cfu/g or CFU/ml)Specific 
PathogenMouth103>102Absent Total counts as 
cfu: counts as colony forming unit European 
Pharmacopoeia, 2010. The guideline separates 
preparations into various classifications —non-
aqueous and aqueous oral forms, cutaneous and 
vaginal preparations, and herbal products — and 
gives acceptable limits for each, all communicated 

in Colony Forming Units per gram (CFU/g). These 
include Escherichia coli (E. coli), Staphylococcus 
aureus (S. aureus), Pseudomonas aeruginosa (P. 
aeruginosa), Candida albicans (C. albicans), and 
Salmonella - all of which are considered critical 
microorganisms whose absence is necessary to 
foster a provision of patient safety for 
susceptible/supportive individuals such as infants, 
the aged and individuals who are 
immunocompromised metioned in table . The 
microbiological standards listed here are important 
in controlling the contamination risk and in 
ensuring the quality, safety, and efficacy of non-
sterile drug products; therefore, they may help 
manufacturers undertake appropriate quality 
control measures. In summary, such acceptance 
criteria provide an essential regulatory framework 
that can help ensure safety and quality in the 
delivery of biopharmaceutical products while 
protecting brand integrity and patient health.

  
Table 2: Acceptance Criteria Table for Microbiological Quality of Non-Sterile Dosage Forms 

Route of Administration Total Aerobic 
Microbial Count 
(TAMC) (CFU/g) 

Total Yeast and 
Mould Count 
(TYMC) (CFU/g) 

Specified  
Micro organisms 

Non-aqueous preparations for oral 
use 

10³ 10² Absence of Escherichia 
coli (in 1 g) 

Aqueous preparations for oral use 10² 10¹ Absence of Escherichia 
coli (in 1 g) 

Cutaneous use 10² 10¹ Absence of 
Staphylococcus aureus (in 
1 g) 

Absence of Pseudomonas 
aeruginosa (in 1 g) 

   

Vaginal use 10² 10¹ Absence of 
Staphylococcus aureus (in 
1 g) 

Absence of Pseudomonas 
aeruginosa (in 1 g) 

   

Absence of Candida albicans  
(in 1 g) 

   

Oral dosage forms containing raw 
materials of natural origin  
(no antimicrobial pretreatment 
feasible) 

10⁴ 10² Absence of Escherichia 
coli (in 1 g) 

Absence of Staphylococcus aureus  
(in 1 g) 

   

Absence of Salmonella (in 10 g) 
   

Not more than 10² 
Enterobacteriaceae and certain other 
Gram-negative bacteria (in 1 g) 

   

Herbal medicinal products (boiling 
water added before use) 

10⁷ 10⁵ Not more than 10³ 
Escherichia coli (in 1 g) 

Absence of Salmonella (in 1 g) 
   

Abbreviations: TAMC: Total Aerobic Microbial Count, TYMC: Total Yeast and Mould Count, CFU/g: 
Colony Forming Units per gram 

 
 
 



 
  

International Journal of Current Pharmaceutical Review and Research           e-ISSN: 0976-822X, p-ISSN: 2961-6042 

Kamble et al.                                    International Journal of Current Pharmaceutical Review and Research  

899   

Training and Education 

Training/Education: A pillar of maintaining 
microbial control in non-sterile dosage form 
manufacturing. With effective training programs, 
personnel have an understanding of microbiology 
principles, sources of contamination, and why 
adherence to standard operating procedures (SOP) 
is important. An adequately trained workforce is 
more likely to follow hygiene protocols, execute 
cleaning and sanitization processes properly, and 
identify possible intrusion of contamination 
hazards. Training sessions shall include topics 
related to basic microbiology, aseptic technique, 
environmental monitoring, cleaning and 
sanitization procedures, and gowning and gloving 
techniques [127].  

Training should follow a Do-Practice-Review 
format. Refresher training is also required at 
regular intervals to keep personnel sharp. Training 
alone is not enough; personnel should also keep 
up-to-date with new technologies, regulatory 
changes, and best practices for microbial control. 
Investing in robust training and education 
programs can establish a culture of quality and help 
ensure that personnel understand their critical role 
in preventing microbial contamination in non-
sterile dosage forms. 

Conclusion 

Microbial contamination of non-sterile 
pharmaceutical dosage forms like tablets and 
capsules is a major risk to patient safety and 
product quality. Presentation of the different 
aspects of challenges and consequences related to 
microbial contamination, including sources of 
contaminants, environmental factors favouring 
microbial growth and impacts on product integrity. 
It also underlines the need for thorough quality 
control from raw material testing, Deviations Shall 
Be Handled, Environmental Monitoring, Packaging 
Designs, Good Manufacturing Practices (GMP), 
etc. Pharmaceutical manufacturers need a 
synergistic approach for the effective reduction of 
the two-on-one punch of traditional ability and 
progressive technology in order to avoid the risks 
of microbial contamination.  

This includes the Latest Preservation Methods, 
Implementation of Rapid Microbiological Methods 
(RMM), and more stringent regulatory guidelines. 
Regular personnel training and education are 
paramount to the development of a culture of 
microbial control in which all employees are aware 
of contamination concerns and correct sanitation 
protocols. In summary, proper consideration given 
to controlling bacterial contamination in non-sterile 
dosage forms can go a long way toward ensuring 
their safety and effectiveness. The public health 
consequences of contamination in pharmaceuticals 

surfaced a need for improved detection and 
preservation of microbiological contaminates in the 
manufacturing process of sterile pharmaceuticals 
through comprehensive risk assessments 
augmenting environmental controls. Continuing to 
practice these habits will result in higher-quality 
products, safer patients, and fewer costs associated 
with recalls and lawsuits. 
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