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BP308T · UNIT II CHAPTER 4 — MICROBIAL CONTAMINATION: SOURCES, TYPES AND CONTROL
DURING MANUFACTURE

CHAPTER 4 — Microbial Contamination: Sources,
Types and Control During Manufacture

(Unit II: Evaluation of microbiological contamination — sources and types of microbial contaminants; control of
microbial contamination during manufacture of non-sterile dosage forms and sterile dosage forms including
aseptic area; control of atmosphere, water, raw material, facility, packaging, equipment)

1. Learning Objectives
After studying this chapter, you will be able to:

1. Define microbial contamination and list its sources in a pharmaceutical plant.

2. Classify types of microbial contaminants.
3. Explain control measures for atmosphere, water, raw materials, facility, packaging, and equipment.

4. Differentiate contamination control in non-sterile vs sterile dosage-form manufacture.
5. Explain the role of the aseptic area in sterile manufacturing.

2. Definitions
Term Definition (simple)

Microbial
contamination

The unwanted presence of microorganisms (or their toxins) in a pharmaceutical product, raw material,
or manufacturing area.

Bioburden The number of living microorganisms present on or in a product/material before sterilisation — the
"germ load".

Aseptic area A specially designed, highly clean manufacturing zone where sterile products are filled and sealed so
that no microbes enter.

Non-sterile dosage
form

A medicine that is allowed to contain a small, limited number of harmless microbes (e.g., tablets,
syrups) — but must be free of specified pathogens.

Sterile dosage form A medicine that must contain ZERO living microbes (e.g., injections, eye drops, ophthalmic ointments).

Pyrogen A fever-causing substance, usually a bacterial toxin (endotoxin), that must be absent from injections
even if the bacteria are dead.

Environmental
monitoring

Regular testing of air, surfaces, and personnel in manufacturing areas to check microbial levels.

3. Terminology (Key Terms)
Term Meaning in plain words

Objectionable organism A specific pathogen that must NEVER be present (e.g., E. coli, Salmonella, Staphylococcus aureus,
Pseudomonas aeruginosa).

GMP (Good Manufacturing
Practices)

The official rules for clean, controlled medicine manufacturing.

HEPA filter High-Efficiency Particulate Air filter — traps tiny particles/microbes from air.

WFI (Water for Injection) Ultra-pure, sterile, pyrogen-free water used to make injections.

Purified water Clean water (less strict than WFI) used for non-sterile products.

Sanitisation Reducing microbes on surfaces to a safe level (not complete sterilisation).

Cross-contamination Microbes (or materials) moving from one product/area to another where they should not be.
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4. Explanation

4.1 What is microbial contamination?

Technical concept: Microbial contamination is the presence of viable microorganisms above acceptable
limits, or the presence of specified objectionable organisms, in pharmaceutical materials, products, or
environments.

Simple explanation: A medicine is contaminated when unwanted germs get into it — like finding a fly
in your soup. A few harmless germs may be allowed in a tablet (within strict limits), but certain
dangerous germs must never be present, and injections must have none at all.

Analogy: Think of a medicine factory as a hospital kitchen. Just as the kitchen must keep food free of
germs, the factory must keep medicines free of germs — but the rules are far stricter, because a
contaminated injection can kill.

4.2 Sources of microbial contamination

Technical concept: Contaminants enter through air, water, raw materials, personnel, equipment,
packaging, and the facility itself.

Simple explanation: Germs are sneaky travellers — they ride on dust in the air, swim in water, hide in
raw powders, travel on workers' hands and clothes, survive in dirty equipment cracks, and even come
with packaging materials.

Source How microbes enter Example

Atmosphere (air) Dust particles carry bacteria and fungal spores; people shed
skin cells with microbes

Mould spores landing on open tablets

Water Water is the biggest carrier — Gram-negative bacteria
(Pseudomonas) love water systems

Contaminated purified water used in
syrup manufacture

Raw materials Natural products (starch, sugars, gums, herbs) carry high
microbial loads from soil/plants

Starch contaminated with bacterial
spores

Personnel
(people)

Skin, nose, throat, hair, clothing shed millions of microbes;
coughing/sneezing spreads them

Operator touching sterile vials with bare
hands

Equipment Cracks, joints, dead-ends in machines trap moisture and
residues where microbes multiply

Biofilm inside a water pipe

Packaging
materials

Bottles, caps, cartons stored in dusty areas bring microbes to
the filling line

Dusty bottles used without washing

Facility (building) Floors, walls, drains, corners collect dust and moisture; poor
design allows pest entry

Drain near the manufacturing corridor

Key takeaway: The three biggest sources in pharma are water, air, and people — control these three
and most contamination disappears.

4.3 Types of microbial contaminants

Pills & Python · Pharmacy • Data • AI • Healthcare · Instagram @pillsandpython · pillsandpython.com · YouTube @PillsAndPython 2



BP308T · UNIT II CHAPTER 4 — MICROBIAL CONTAMINATION: SOURCES, TYPES AND CONTROL
DURING MANUFACTURE

Type Nature Concern in pharma

Bacteria (vegetative) Actively growing cells; relatively easy to kill Most common contaminants; Pseudomonas in
water

Bacterial spores Tough resting forms; resist heat, drying,
chemicals

Survive poor sterilisation; found in raw materials

Fungi (moulds &
yeasts)

Spores float in air; grow on damp surfaces Spoil syrups and creams; Aspergillus in air

Viruses Need host cells; less common in products Concern in biological products

Pyrogens (endotoxins) Dead Gram-negative bacteria leave fever-causing
toxins

Must be absent from injections even after
sterilisation

Diagram to draw (describe): A factory building cutaway with seven red arrows pointing inward, each
labelled: "Air — dust + spores", "Water — Pseudomonas", "Raw materials — spores in starch", "People —
skin, breath, hands", "Equipment — biofilm in pipes", "Packaging — dusty bottles", "Building — drains,
corners". Title: "Seven doors through which microbes enter a pharma plant."

4.4 Control of contamination — the six battlegrounds

Technical concept: Contamination control is achieved by controlling each input: atmosphere, water, raw
materials, facility, packaging, and equipment, under GMP.

Simple explanation: You cannot fight germs with one weapon — you must guard every door. The
factory controls six things: the air, the water, the raw materials, the building, the packaging, and the
machines.

(a) Control of atmosphere (air)
Air is filtered through HEPA filters which remove 99.97% of particles ≥ 0.3 µm.

Clean rooms maintain positive pressure — clean air flows OUT when doors open, so dirty air cannot
flow in (like air blowing out of a balloon's mouth keeps dust from entering).
Temperature and humidity are controlled (cool, dry air discourages microbial growth).

Laminar airflow workstations (Chapter 6) give a stream of sterile air over the work zone.
Regular air monitoring: settle plates (open agar plates collecting falling microbes) and active air
samplers.

(b) Control of water
Water is the most critical control point. Grades: potable water (drinking quality) → purified water
(for non-sterile products) → WFI — water for injection (sterile, pyrogen-free, for sterile products).
Water systems are designed with no dead-ends, kept circulating, and sanitised regularly (heat or
ozone) to prevent biofilms (slimy layers of bacteria sticking to pipe walls).

Tested regularly by membrane filtration and endotoxin (pyrogen) tests.

(c) Control of raw materials
Every incoming raw material is sampled and tested for microbial limits before use.
Natural materials (starch, acacia, tragacanth) are expected to carry microbes — suppliers must meet
specifications; some materials are pre-treated (e.g., heat-treated).
"First in, first out" stock rotation; materials stored dry and off the floor.

(d) Control of facility (building)
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Smooth, crack-free walls and floors (no joints where dirt collects); curved wall–floor junctions.
Controlled entry: airlocks and change rooms — staff change into clean garments, and materials pass
through separate airlocks.

Drains are covered and located away from manufacturing zones; regular disinfection of floors and
walls.
Pest control programme.

(e) Control of packaging
Containers and closures are washed, and sterilised/depyrogenated when used for sterile products
(e.g., glass vials).
Packaging materials stored in clean, dry, covered areas; not placed directly on floors.

(f) Control of equipment
Equipment designed for easy cleaning (smooth surfaces, no dead legs) — CIP (clean-in-place) and
SIP (sterilise-in-place) systems.

Validated cleaning procedures between batches; equipment logbooks record every cleaning.
Regular maintenance prevents cracks and leaks where microbes hide.

4.5 Non-sterile vs sterile manufacture — different rules

Feature Non-sterile dosage forms (tablets, capsules, syrups,
creams)

Sterile dosage forms (injections, eye
drops)

Microbial
requirement

Low bioburden allowed WITHIN pharmacopoeial limits;
specified pathogens must be ABSENT

ZERO viable microbes (sterile); also
pyrogen-free for injections

Manufacturing
area

Controlled clean area (general GMP) Aseptic area — highest cleanliness, HEPA
air, strict gowning

Water used Purified water Water for Injection (WFI)

Final step Microbial limit test on finished product Sterilisation (heat/filtration) + sterility test
+ aseptic filling

Risk if
contaminated

Spoilage, mild infection risk Life-threatening infection (directly into
blood/eye)

Aseptic area (simple explanation): For sterile products, the final filling and sealing happen in a special
ultra-clean room — the aseptic area. Think of it as an "operation theatre" for medicines: filtered sterile air,
operators in full sterile gowns, gloves, masks, and everything entering the area is sterilised. No microbe is
allowed inside, because the product cannot be sterilised after sealing (in many cases) — so the filling itself
must add zero germs.

Flowchart — contamination control summary:

CONTAMINATION CONTROL IN A PHARMA PLANT

   ├── AIR → HEPA filters + positive pressure + monitoring

   ├── WATER → purified water / WFI + no dead-legs + sanitisation

   ├── RAW MATERIALS → testing + specifications + dry storage

   ├── FACILITY → smooth surfaces + airlocks + disinfection + pest control

   ├── PACKAGING → washing + sterilisation (for sterile) + clean storage

   ├── EQUIPMENT → CIP/SIP + validated cleaning + maintenance

   └── PEOPLE → gowning + training + hygiene + health checks

         (people are the biggest source — gowning discipline matters most)
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5. Infographic Concept Box

"GUARD THE SIX DOORS" — a factory icon in the centre with six guarded gates labelled AIR (HEPA
filter icon), WATER (drop icon — purified/WFI), RAW MATERIALS (powder sack — test before use),
FACILITY (building — smooth walls, airlocks), PACKAGING (bottle — wash & sterilise), EQUIPMENT
(machine — CIP/SIP). A seventh guard at the main gate labelled PEOPLE (gowned operator — "biggest
source, strictest discipline"). Bottom split panel: left "Non-sterile: limits apply, no pathogens"; right
"Sterile: ZERO microbes — aseptic area only".

6. Pharmacy Relevance
Contamination control is the daily reality of pharmaceutical manufacturing and the reason pharmacists
study GMP. A pharmacist in production ensures raw materials are tested; in QC, runs microbial limit and
sterility tests; in QA, audits the six control areas. Understanding these controls also explains to patients why
injections cost more and why eye drops must be discarded 28 days after opening.

7. India Context
Indian pharma plants supplying to regulated markets (US, EU) follow strict GMP with all six controls audited
by inspectors. During monsoon, high humidity raises airborne fungal counts, so Indian factories increase air
monitoring and dehumidification in that season — a practical example of atmosphere control. India's large
vaccine-manufacturing industry depends entirely on aseptic-area discipline.

8. Key Points
Contamination = unwanted microbes in product/material/area; bioburden = the germ load before
sterilisation.
Seven sources: air, water, raw materials, people, equipment, packaging, facility — water, air, and
people are the biggest.

Six controls: atmosphere (HEPA, positive pressure), water (purified/WFI, no biofilm), raw materials
(testing), facility (smooth surfaces, airlocks), packaging (washing/sterilisation), equipment (CIP/SIP,
validated cleaning).

Non-sterile products: limits apply, pathogens absent. Sterile products: zero microbes + pyrogen-free,
made in aseptic areas.

9. Common Confusions
Confusion Clarification

"Purified water and WFI are the same." No — WFI is stricter: sterile and pyrogen-free, for injections; purified water is for non-
sterile products.

"HEPA filters sterilise the air." They remove particles very efficiently but the air is called "clean", not sterile;
monitoring is still needed.

"If a tablet has some microbes, it is
contaminated and must be rejected."

Not necessarily — non-sterile products may contain limited harmless microbes
WITHIN pharmacopoeial limits; only specified pathogens or over-limit counts cause
rejection.

"Sterilisation removes pyrogens." No — killing bacteria does not destroy endotoxin pyrogens; depyrogenation (e.g., dry
heat) is a separate step.

Pills & Python · Pharmacy • Data • AI • Healthcare · Instagram @pillsandpython · pillsandpython.com · YouTube @PillsAndPython 5



BP308T · UNIT II CHAPTER 4 — MICROBIAL CONTAMINATION: SOURCES, TYPES AND CONTROL
DURING MANUFACTURE

10. Common Mistakes
Listing only "air and water" as sources — examiners expect all seven, especially personnel and
equipment.
Writing that sterile products "have very few microbes" — they must have ZERO.

Confusing sanitisation with sterilisation — sanitisation reduces to safe levels; sterilisation kills
everything.
Forgetting pyrogens: injections must be sterile AND pyrogen-free.

11. Mnemonics
"A W R F P E + P" — the seven sources: Air, Water, Raw materials, Facility, Packaging, Equipment +
People.
"HEPA Helps Eliminate Particles in Air" — what HEPA filters do.

"Positive Pressure Pushes Problems Out" — why clean rooms use positive pressure.

12. Exam Summary
Microbial contamination — unwanted microbes in products, materials, or areas — enters through seven
sources: atmosphere, water, raw materials, personnel, equipment, packaging, and the facility, with water, air,
and people being the most significant. Contaminants include vegetative bacteria, spores, fungi, and
pyrogens. Control means guarding six fronts under GMP: HEPA-filtered, positive-pressure air; purified
water/WFI with biofilm-free systems; tested raw materials; well-designed facilities with airlocks;
washed/sterilised packaging; and CIP/SIP-cleaned, validated equipment — plus strict personnel gowning
and hygiene. Non-sterile dosage forms must meet microbial limits with specified pathogens absent, while
sterile dosage forms must be completely microbe-free (and pyrogen-free for injections), manufactured and
filled in aseptic areas.

13. One-Minute Revision
7 sources: Air, Water, Raw materials, Facility, Packaging, Equipment, People.

6 controls: air (HEPA), water (purified/WFI), raw materials (test), facility (airlocks), packaging
(wash/sterilise), equipment (CIP/SIP).
Non-sterile: limits + no pathogens. Sterile: ZERO microbes, aseptic area, pyrogen-free.

Bioburden = germ load before sterilisation. Pyrogen = fever toxin from dead Gram-negative bacteria.

14. Exam Questions
Short-answer:

1. Define contamination and bioburden. List the sources of microbial contamination in a pharmaceutical
plant.

2. Describe the control of water and atmosphere in preventing microbial contamination.

3. Differentiate between non-sterile and sterile dosage forms with respect to microbial requirements.
4. What is an aseptic area? Why is it needed?

5. Write a note on pyrogens and their significance in sterile products.

MCQs:

1. Which water is used in the manufacture of injections?

a) Potable water b) Purified water c) Water for Injection d) Distilled water for drinking — Answer: c
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2. HEPA filters remove particles of size:

a) ≥ 0.3 µm at 99.97% efficiency b) ≥ 10 µm c) ≥ 1 mm d) All dissolved chemicals — Answer: a

3. Which is the biggest source of microbial contamination in a clean area?

a) Equipment b) Packaging c) Personnel d) Walls — Answer: c

4. A biofilm is:

a) A type of filter b) Slimy layer of bacteria on surfaces c) A culture medium d) A disinfectant — Answer: b

5. Non-sterile products must be:

a) Completely sterile b) Within microbial limits and free of specified pathogens c) Pyrogen-free d) Made in
aseptic areas — Answer: b

Viva:

1. Why is positive pressure maintained in clean rooms?

2. What is the difference between CIP and SIP?
3. Why must water systems have no dead-legs?

Application-based:

1. A syrup batch shows high counts of Pseudomonas. Which source would you investigate first and what
corrective actions apply? (Water system first — check for biofilm/dead-legs, sanitise the system, re-test;
also check raw materials.)

2. An operator enters the aseptic area wearing the gown used in the general area. What GMP principle is
violated and what is the risk? (Gowning/change-room discipline violated; personnel are the biggest
contamination source — risk of introducing microbes into sterile products.)
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CHAPTER 5 — Microbiological Spoilage of
Pharmaceuticals and Introduction to Fermentation

(Unit II: Microbiological spoilage of pharmaceuticals, factors affecting microbial spoilage of pharmaceuticals;
introduction to fermentation, types and fermenters)

1. Learning Objectives
After studying this chapter, you will be able to:

1. Define microbiological spoilage of pharmaceuticals and list its signs.

2. Explain the factors affecting microbial spoilage (nutrients, moisture, pH, temperature, packaging).
3. Give examples of spoilage in syrups, creams, and tablets.

4. Define fermentation and explain its role in pharmaceutical manufacturing.
5. Classify fermentation types (aerobic/anaerobic, batch/fed-batch/continuous, surface/submerged,

solid-state).
6. Describe the parts and working of a fermenter (bioreactor).

2. Definitions
Term Definition (simple)

Spoilage Damage to a medicine by microbes — changes in smell, colour, taste, texture, or gas formation that
make it unsafe or unacceptable.

Fermentation
(general)

Breakdown of substances by microorganisms, usually without oxygen, producing useful products.

Industrial
fermentation

Large-scale growing of microbes in tanks (fermenters) to manufacture medicines, vitamins, enzymes,
and other products.

Fermenter
(bioreactor)

A large sterile vessel (tank) with controls for temperature, pH, air, and stirring, in which microbes are
grown for production.

Inoculum The starter culture of microbes added to the fermenter to begin production.

Downstream
processing

The steps AFTER fermentation: separating and purifying the product from the broth (filtration,
extraction, drying).

3. Terminology (Key Terms)
Term Meaning in plain words

Water activity (aw) How much "free" water is available for microbes to use (pure water = 1.0); low aw stops growth.

Preservative A chemical added to non-sterile medicines to prevent microbial growth during use.

Batch fermentation One complete run: fill → grow → harvest → empty and clean.

Fed-batch fermentation Nutrients are added little by little DURING the run (like feeding).

Continuous fermentation Fresh medium flows in and product flows out non-stop.

Submerged fermentation Microbes grow INSIDE the liquid medium (most common in pharma).

Surface fermentation Microbes grow ON TOP of the liquid surface (older method).

Impeller/agitator The stirrer inside the fermenter that mixes and adds air.

Sparger The device that bubbles sterile air into the fermenter.
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4. Explanation

4.1 What is microbiological spoilage?

Technical concept: Microbiological spoilage is the deterioration of a pharmaceutical product's quality,
safety, or acceptability due to microbial growth and metabolism.

Simple explanation: Just as milk goes sour when bacteria grow in it, medicines can "go bad" when
microbes grow in them. The medicine may smell foul, change colour, produce gas, become cloudy, or
lose its strength — and using it can harm the patient.

Signs of spoilage (what you can see/smell):

Sign What the patient notices Example

Off-odour Bad or sour smell Syrup smelling like rotten fruit

Gas formation Bubbles, fizzing, swollen/burst container Effervescent bottle bulging

Colour change Darkening, spots, discolouration Cream developing brown patches

Turbidity Clear liquid becoming cloudy Eye drops turning hazy

Texture change Thinning, thickening, separation, clumps Syrup becoming watery; cream splitting into layers

pH change May alter taste or irritate Sour taste in a sweet syrup

Key takeaway: Spoilage is visible/audible evidence of invisible microbial growth. A pharmacist must
recognise these signs and never dispense a spoiled product.

4.2 Factors affecting microbial spoilage of pharmaceuticals

Technical concept: Whether microbes spoil a product depends on the product's nutrients, available
water (water activity), pH, temperature, oxygen, packaging, and presence of preservatives.

Simple explanation: Microbes are like guests at a party — they stay and multiply only if the conditions
suit them: good food, enough water, comfortable temperature, and the right acidity. Change these
conditions and the party ends.

Factor How it affects spoilage Pharma example

Nutrients Sugars, proteins, starches feed microbes; simple
formulations spoil faster

Syrups (high sugar) spoil easily once diluted or
contaminated

Water activity
(aw)

Free water is essential; dry products (tablets) resist
spoilage, moist ones don't

Tablets (low aw) rarely spoil; creams and syrups
(high aw) spoil readily

pH Most bacteria like near-neutral pH; very acidic or alkaline
products resist growth

Acidic syrups spoil slower than neutral creams

Temperature Warmth (20–40°C) speeds growth; refrigeration slows it "Store in a cool place" protects syrups

Oxygen Moulds need air; sealed, air-tight packing reduces mould
spoilage

Tightly closed bottles protect better

Packaging Poor seals let microbes and moisture in; multi-dose packs
get contaminated during use

Single-dose packs safer than multi-dose bottles

Preservatives Added chemicals (e.g., parabens, benzoic acid) kill or stop
microbes

Preserved syrups last longer after opening
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Analogy: Protecting a medicine from spoilage is like protecting food in an Indian kitchen during
summer: keep it dry (low water), keep it cool (fridge), keep it covered (packaging), and add preservatives
(like pickles use oil and salt) — the same four tricks work for medicines.

Flowchart — will this product spoil?

Product formulation

   ├── High water + nutrients (syrup, cream) → HIGH spoilage risk

   │       → needs preservative + good packaging + cool storage

   ├── Low water (tablet, dry powder) → LOW spoilage risk

   │       → protect from moisture (don't store in bathroom!)

   └── Sterile product (injection) → must stay STERILE

           → any microbe = failure, not just "spoilage"

4.3 Introduction to fermentation

Technical concept: Fermentation is the controlled cultivation of microorganisms on a large scale to
produce desired metabolites — the basis of industrial manufacture of antibiotics, vitamins, amino acids,
enzymes, organic acids, and recombinant proteins.

Simple explanation: Chapter 2 taught you to grow microbes on a small plate. Fermentation is the same
idea made GIANT — growing helpful microbes in tanks holding thousands of litres, so they produce
tonnes of medicine. The tank is called a fermenter, and the microbe is the factory worker.

Everyday connect: Curd, idli batter, bread, and alcohol are all traditional fermentations. Industrial
fermentation uses the same principle with pure cultures, sterile tanks, and precise controls.

4.4 Types of fermentation

Type How it works Example

Aerobic Sterile air is bubbled in; microbes need oxygen Penicillin production

Anaerobic No air; microbes work without oxygen Alcohol, lactic acid production

Batch Fill once → grow → harvest all → clean; simplest Most antibiotic batches

Fed-batch Nutrients added gradually during growth; avoids overfeeding High-yield penicillin

Continuous Fresh medium in, product out, non-stop Organic acids, single-cell protein

Submerged Microbes grow mixed INSIDE the liquid (stirred tank) Modern standard for antibiotics

Surface Microbes grow as a mat ON the liquid surface (older, shallow trays) Old penicillin method

Solid-state Microbes grow on moist solid material (no free liquid) Some enzymes, traditional foods

Key takeaway: Modern pharmaceutical fermentation is almost always aerobic, submerged, batch or
fed-batch in stirred-tank fermenters.

4.5 The fermenter — parts and working

Technical concept: A fermenter is a sterile, jacketed stainless-steel vessel equipped with agitation,
aeration, and monitoring probes (temperature, pH, dissolved oxygen, foam) to maintain optimum
growth conditions.
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Simple explanation: A fermenter is like a luxury hotel for microbes: perfect temperature (air-
conditioning jacket), fresh air supply (sparger), room service mixing food evenly (stirrer), and security
(steam-sterilised, no uninvited germs). Sensors act as hotel staff, constantly checking comfort.

Diagram to draw (describe): Draw a large vertical cylindrical tank. Inside: a central vertical shaft with
flat blades labelled "impeller/agitator (mixing)". At the bottom, a ring with bubbles rising labelled
"sparger (sterile air in)". On the tank wall: a thermometer probe labelled "temperature probe", a "pH
probe", and a "dissolved-oxygen probe". Around the tank, a jacket labelled "cooling/heating jacket". At
the top: an inlet labelled "sterile medium + inoculum in", an outlet pipe labelled "exhaust air out (with
filter)", and a small pipe labelled "antifoam addition". At the bottom: "harvest outlet → downstream
processing". Title: "Stirred-tank fermenter".

Part Function

Vessel (stainless steel) Holds the culture; withstands steam sterilisation

Impeller/agitator Mixes nutrients, distributes air, keeps cells suspended

Sparger Bubbles sterile filtered air into the medium

Jacket Circulates hot/cold water to control temperature

Probes (pH, temperature, dissolved O₂) Monitor conditions continuously

Foam breaker / antifoam inlet Controls foam that blocks air flow

Sampling valve Takes sterile samples to check growth

Harvest outlet Removes broth for downstream processing

Flowchart — industrial fermentation workflow:

1. STRAIN SELECTION — high-yielding microbe chosen

        ↓

2. INOCULUM BUILD-UP — spores → small flask → seed tank (increasing size)

        ↓

3. MEDIUM PREPARATION & STERILISATION — nutrients + water, steam-sterilised

        ↓

4. FERMENTATION — inoculate production fermenter; control temp, pH, air, stirring

        ↓

5. MONITORING — samples checked for growth and product formation

        ↓

6. HARVEST — broth removed at peak production

        ↓

7. DOWNSTREAM PROCESSING — filter cells → extract → purify → dry → pack medicine

5. Infographic Concept Box

"SPOILAGE vs FERMENTATION — SAME MICROBES, OPPOSITE JOBS" — split panel. LEFT (red):
"SPOILAGE — microbes RUIN medicines": icons of cloudy syrup, split cream, swollen bottle; risk factors
listed as "water + food + warmth + air + time"; shield icons showing defences: "preservative, cool
storage, tight packaging". RIGHT (green): "FERMENTATION — microbes MAKE medicines": fermenter
tank icon with stirrer and air bubbles; "aerobic • submerged • batch/fed-batch"; product icons:
antibiotic capsule, vitamin bottle, insulin vial. Bottom arrow: "Fermenter workflow: strain → seed →
sterile medium → controlled growth → harvest → purify".
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6. Pharmacy Relevance
A pharmacist must recognise spoilage signs to protect patients — never dispense a syrup that smells off or a
cream that has separated. "Store in a cool, dry place" and "discard after 28 days of opening" on labels are
direct applications of spoilage science. Fermentation knowledge matters because most antibiotics, vitamins,
and insulin the pharmacist dispenses are fermentation products; understanding the process explains batch-
to-batch quality control and why these medicines need strict manufacturing standards.

7. India Context
India's hot, humid climate (especially monsoon) accelerates spoilage, so Indian pharmacists strongly counsel
patients on proper storage — a syrup kept in a hot kitchen spoils faster than one kept cool. India is also a
world leader in fermentation-based manufacturing: Indian companies produce huge volumes of antibiotics
(penicillin, cephalosporins), vitamins, and vaccines by fermentation, making this chapter directly linked to
domestic industry jobs.

8. Key Points
Spoilage signs: off-odour, gas, colour change, turbidity, texture change.
Spoilage factors: nutrients, water activity, pH, temperature, oxygen, packaging, preservatives, time
after opening.

Fermentation = large-scale microbial cultivation to make medicines.
Types: aerobic/anaerobic; batch/fed-batch/continuous; submerged/surface/solid-state. Pharma
standard: aerobic, submerged, batch or fed-batch.
Fermenter parts: vessel, impeller, sparger, jacket, probes, foam control, sampling and harvest outlets.

Workflow: strain → inoculum → sterile medium → controlled fermentation → monitoring → harvest →
downstream processing.

9. Common Confusions
Confusion Clarification

"Spoilage and contamination are the
same."

Contamination = entry of microbes; spoilage = visible damage CAUSED by their
growth. Contamination comes first.

"Fermentation always means making
alcohol."

Alcohol is one example; in pharma, fermentation makes antibiotics, vitamins,
enzymes, insulin.

"Batch and continuous fermentation are
the same."

Batch = one complete run then stop; continuous = non-stop in/out flow.

"Downstream processing happens inside
the fermenter."

No — downstream = everything AFTER fermentation (filtration, extraction,
purification).

10. Common Mistakes
Writing that tablets spoil easily — their low water activity makes them resistant; syrups and creams
are the high-risk forms.
Forgetting water activity (aw) as a factor — it is the single most important one.

Listing fermenter parts without functions — always pair each part with its job.
Confusing inoculum (starter culture) with medium (the food).
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11. Mnemonics
"NOW POTT" — spoilage factors: Nutrients, Oxygen, Water activity, PH, Opening time, Temperature,
T (packaging — "tight packing").
"ISA-JPSH" — fermenter parts: Impeller, Sparger, Antifoam, Jacket, Probes, Sampling valve, Harvest
outlet. ("I Saw A Juggling Panda Show Happily")

"Be Fed Continuously" — Batch, Fed-batch, Continuous.

12. Exam Summary
Microbiological spoilage is the deterioration of pharmaceutical products by microbial growth, shown by off-
odour, gas, colour or texture change, and turbidity. Spoilage depends on nutrients, water activity (most
important), pH, temperature, oxygen, packaging, preservatives, and time after opening — high-water
products like syrups and creams are at highest risk. Fermentation is the large-scale controlled cultivation of
microbes to manufacture medicines; types include aerobic/anaerobic, batch/fed-batch/continuous, and
submerged/surface/solid-state, with aerobic submerged batch or fed-batch being the pharmaceutical
standard. The stirred-tank fermenter provides sterile conditions with impeller mixing, sparger aeration,
jacket temperature control, monitoring probes, and foam control, operated through strain selection →
inoculum build-up → medium sterilisation → controlled fermentation → monitoring → harvest →
downstream processing (filtration, extraction, purification).

13. One-Minute Revision
Spoilage signs: smell, gas, colour, cloudiness, texture change.

Main factor: water activity (aw). Dry tablet = safe; wet syrup = risky.
Fermentation types: aerobic/anaerobic; batch/fed-batch/continuous; submerged (pharma standard).

Fermenter: impeller (mix), sparger (air), jacket (temp), probes (monitor).
Workflow: strain → seed → sterile medium → ferment → harvest → purify.

14. Exam Questions
Short-answer:

1. Define spoilage. List the signs of microbial spoilage in pharmaceutical products.

2. Explain any four factors affecting microbial spoilage of pharmaceuticals.
3. Why are syrups more prone to spoilage than tablets?

4. Classify fermentation with examples.
5. Draw a labelled diagram of a fermenter and explain the function of any four parts.

6. Describe the steps of industrial fermentation workflow.

MCQs:

1. Which dosage form is MOST prone to microbial spoilage?

a) Tablet b) Dry powder c) Syrup d) Hard capsule — Answer: c

2. Water activity of pure water is:

a) 0 b) 0.5 c) 1.0 d) 100 — Answer: c

3. In a fermenter, sterile air is introduced through the:

a) Impeller b) Sparger c) Jacket d) Sampling valve — Answer: b
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4. Fed-batch fermentation means:

a) Non-stop production b) Nutrients added gradually during the run c) No air supply d) Solid-state growth —
Answer: b

5. Downstream processing includes:

a) Inoculum preparation b) Filtration, extraction and purification after fermentation c) Medium sterilisation d)
Strain selection — Answer: b

Viva:

1. What is the difference between contamination and spoilage?
2. Why is temperature control important both for preventing spoilage and for running fermentation?

3. What is an inoculum?

Application-based:

1. A patient complains that an opened cough syrup tastes sour and fizzes. Explain the likely cause using
spoilage factors, and advise. (Microbial spoilage — sugars + water + warmth allowed growth; gas =
fermentation by contaminants. Advise: do not use, discard, store future bottles cool and check
expiry/discard date.)

2. A company wants to shift penicillin production from surface to submerged fermentation. Give two
advantages. (Better aeration and mixing → higher yield; easier monitoring and control; less space needed.)
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