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Presenter
Presentation Notes
Poor bottling practices can ruin perfectly good wine and reduce shelf-life 
Lots of factors influence this
Cover best practice bottling techniques and why they are important






The Cost of Bottling

Life Cycle Cost Analysis of Wine Processing: Activity Based Costing, 2015, Wine Australia

Presenter
Presentation Notes
Why is bottling important?
Significant cost in bottle wine

LCCA study carried out in 2015 – snapshot of costs
 – ¼ - ½ cost per kL, excl grapes



The Cost of Bottling

Life Cycle Cost Analysis of Wine Processing: Activity Based Costing, 2015, Wine Australia

Presenter
Presentation Notes
Most of cost – wine, dry goods
Can be significant labour – depending on line size & efficiencies



What could possibly go wrong?…

Wine quality

Dry goods (incompatibility)

Incorrect pre-treatment

Contamination

Oxygen

Poor storage/distribution

Presenter
Presentation Notes
Lots of things that can go wrong

Wine spoilage/ferment – acetaldehyde
Cork taint – Earthy, musty
Insufficient or inappropriate filtration or inert gas handling
Micro-contamination – ethyl acetate, diacetyl
Oxidation – straw, vinegar, loss of fruity



Wine preparation

Oxidation – smallest compartment is 1200-1500L
Duration – temperature effects
Contamination – tanker checks
Filtration 

sterile filtration into tanker is not ‘the final filtration’
take samples to show wine left clean

Presenter
Presentation Notes
Lets look at few stages in process
If no line, transport and protect wine before bottling
Longer in transit, higher risk of spoilage – temp & O2
Even if sterile filter into tanker, needs to be done at bottler – micro pick up on way



Filtration 
Purpose

Nominal 
Micron 
Rating

Cuno 
Sheets Seitz Sheets Ekwip 

Grade NTU

3.5µm T 1500 Z1

3.0µm 05H T 1000 Z2

2.0µm K 900 Z3 < 100.0

First racking 1.5µm 10H K 800 Z4 < 60.0

Polishing/Clarity 1.0µm 30H K 250 Z5 12.0 – 35.0

Second racking 0.8µm 40H K 200 Z6 1.0 – 10.0

Final filtration 
for dry wines 0.6µm 50H K 100 Z7

Final filtration 
for sweet wines 0.45µm 60H KS 80 Z8 1 – 1.5

Rough/polishing

Guide to filter sheet selection in wine

Check filter integrity before AND after filling

Presenter
Presentation Notes
Lots options for filtration
Most bottling apply 0.45/0.6um, esp whites
Some reds, esp premium, coarser filtration
Coarser filter = higher risk (micro) – esp sweet wines



Pre-bottling adjustment

• Target DO ideally <0.5 mg/L
Line pick-up CAN be significant (0.5 – 1.0 mg/L)
Sparge with CO2/N2 to adjust high O2 levels

• Beware last-minute adds!
Copper
CMCs

• Headspace mngt
Inert gas pressure/flow
Cap purge
Corker vacuum

• Fill ht adjustment
Compliance
Thermal expansion

• Carbon dioxide (CO2)
Palate balance (whites 0.8 – 1.3 g/L; reds <0.5 g/L)

Presenter
Presentation Notes
Sparging – care NOT to lose delicate volatile aromas

Cu can influence red-ox reactions
CMCs can impact on filterability and can be removed on filtration

Fill height/ullage distance – vacuity that allows enough room for expansion of wine to 20ºC
>12mm for cork, >30mm standard BVS finish
Fill volume – volume must conform to labelled volume under weights and measures legislation
		- Ave 750mL  tolerance (State legislation)




Pre-bottling adjustment – SO2

Molecular form responsible for anti-microbial properties 
- Killing and growth inhibition of unwanted bacteria and yeast

Bisulfite form responsible for anti-oxidant properties
- Reaction with peroxide
- Delays browning

From a micro-perspective:
- White wines: >0.8 mg/L molecular SO2

- Red wines: >0.6 mg/L molecular SO2

From an oxidation perspective:
- Neutralise DO
- Capacity to absorb O2

during bottle ageing

White table 
wine

Red table 
wine

Free SO2 mg/L 28-32 28-32

Total SO2 mg/L 50-150

Ascorbic acid mg/L 50-100



Wine analysis – pre-approval

Tanker Pre 
approval

Bottling 
tank   

Specific gravity √ √

Free SO2 mg/L √ √ √

Total SO2 mg/L √ √ √
Ascorbic acid mg/L √ √
pH √ √
TA g/L √ √
Alcohol % v/v √ √
Glucose +fructose g/L √
Volatile acidity g/L √
Dissolved oxygen mg/L √ √
Dissolved carbon dioxide g/L √ √
Temperature ºC √ √
Turbidity NTU √ √ √
Heat stability pass/fail √ √
Cold stability pass/fail √ √
Copper mg/L √
Iron mg/L √
Calcium mg/L √
Taste √ √ √
Sterility √

Presenter
Presentation Notes
Track SO2 levels – indication of oxygen load and/or microbial activity
Sensory confirmation prior to filling important
Pre-approval – check AMAP – before transfer to bottling



Oxygen at Bottling

DO in the wine
•Processing steps
•Inert gas cover

O2 pick-up on transfer
•Pumps
•Filtration

Filler bowl/pre-flush
•Gas cover in filler bowl
•Temperature
•Bottle purge (gas mix)

Headspace/cap purge
•Ullage (fill height)
•Post-fill purge

Presenter
Presentation Notes
Key points in process where oxygen is introduced

Pumping up to 0.3 mg/L
RDV ~2 mg/L
Filtration0.2-0.5 mg/L




QA checks - wine analysis 

 Bottling 
tank First fill ½ hour

 √ √ √

 √ √ √

 √ √ √
 √

√ √
√ √

 √ √
 √

 √
 √ √ √
  √ √ √

√
√

 
 

√ √ √
√ √ √

    

Specific gravity
Free SO2 mg/L
Total SO2 mg/L
Ascorbic acid mg/L
pH
TA g/L
Alcohol % v/v
Glucose +fructose g/L
Volatile acidity g/L
Dissolved oxygen mg/L
Dissolved carbon dioxide g/L
Temperature ºC
Turbidity NTU
Heat stability pass/fail
Cold stability pass/fail
Copper mg/L
Iron mg/L
Calcium mg/L
Taste
Sterility

Presenter
Presentation Notes
Key monitor – fill ht, O2, temp
Ideal fill temperature is around 15ºC
Oxidation rate increases as temp does
Incr ullage = more O2

Monitor TPO, not just DO!
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Headspace oxygen Dissolved Oxygen

Measured TPO levels in wines packaged using Australian bottling lines: 
HO and DO contributions to TPO

QA checks - Total Package Oxygen (TPO)

Presenter
Presentation Notes
Historically little focus on headspace
Studies such as this – highlighted importance of TPO

Across industry, massive range in performance, with HO dominating 
Consider TPO < 2.5 good practice



QA checks – closure application

Presenter
Presentation Notes
Physical inspection as important as chemical analysis
Not all closures behave in same way



Microbial spoilage of bottled wine 

Problems include:
• Gas/spritz
• Re-fermentation
• Haze/deposit
• Volatility
• Oxidation
• Bitterness
• Metallic
• Volatile phenols
• Geranium character
• Reduced acidity

Controlling micro-organisms

• Filtration 

• SO2

• pH

• Dimethyl dicarbonate (DMDC)

• Sorbic acid

Presenter
Presentation Notes
In reality 1-2 mol SO2 react with 1 mol O2 – equates to 2-4 mg/L SO2
Presence of other phenolics (reds) reacting preferentially drives this ratio down



Bottling line sanitation

Caustic/citric/hot water 
Hot water sterile 80ºC/30 minutes

Packaging order

Low risk – dry whites

High risk – Sweet whites

Low risk – dry reds

Frequency
Daily

A) The bulk tank return line is separated from the post-filtration line heading to the filler 
B) Thermal camera image showing post-filtration line reaching 90oC during sterilization
C) Bulk tank return line sitting at 34oC during sterilisation

Presenter
Presentation Notes
Most lines use combination of sanitising agents- hot water providing sterilisation 
minimum temperature of 80°C critical -hard to access points may harbour microbial contamination 

Ideally daily routine, or if stoppages >4hrs

Audits can show up weak points, dead-legs, high risk spots



• Cleaning procedures

• Filtration

• Testing of inputs (incl. water)

• Routine maintenance and 
mods

• Biofilms

• Acceptability of micro ‘pass’ 
results

Things to keep an eye on

Watch for:
 Corker (grease in jaws)
 Dead spots in valves 

(Micro, biofilm build-up)
 Hoses connected to 

vacuum pumps
 Condition of rinsing water 

(Blue, yellow, or micro)
 Quality of compressed 

gases
 Ease of plumbing / fixed 

lines
 Periodic inspection of 

filling bowl 
 Carry out regular 

servicing

Presenter
Presentation Notes
Biofilms - communities of microorganisms attached to a surface - form protective extracellular layer over time
This layer can make them resistant to sterilisation efforts, and therefore a source of sporadic microbial contamination. 
Biofilms commonly form at ‘dead spots’ or unused valves in packaging lines - areas that are not flushed out regularly and/or where hot water cannot easily penetrate

The acceptable level of viable microorganisms in a wine depends greatly on that wine’s characteristics




Swabbing

Filler Corker Screwcap chute



Other stuff…

Coding of individual bottles and/or cartons –
traceability

Hold-back samples

Appropriate dry-goods storage conditions and 
quarantine periods

Dilution checks



QA Systems/Framework

Presenter
Presentation Notes
Standards aspire to depends on your operation

WFA Packaging provides general guidelines
GMP or BRC more specific – generally more strict
Auditing against standards



Closure choice

Presenter
Presentation Notes
Considerations:

Product shelf life
Oxygen transfer rate (OTR)
Bottle orientation during storage & transport
Storage conditions (temperature, %RH)
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Presenter
Presentation Notes
OTR can be variable – differs between different suppliers
Bigger range of performance for cork – esp lower grade



Closure benchmarking

1999 White wine closure trial
 Every closure technology produced a different wine
 Range of colour at 28 months

Godden et al 2001 Aust. J. Grape Wine Res.

Presenter
Presentation Notes
Benchmarking of closures started back in 99
Ground breaking study – 14 closures put thro paces
Series of physical. Chemical & sensory tests 

Research funding originally – now funded commercially
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Impact of TPO & OTR on shelf-life
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Presentation Notes
TPO can have massive impact on shelf life – much greater than OTR
Poorly performing line can render wine damage in 6 months



Post-bottling considerations –
Storage temperature

Browning reaction rates in 
white wine:

2.5 – 3x faster at 20˚C 
than at 10˚C

15–20x faster at 40˚

SO2 loss: red wine 
generally more robust BUT 
more sensitive to warmer 
conditions

Presenter
Presentation Notes
Temp can have BIG impact on wine development/oxidation
Differs between types and styles
Higher temp = higher risk to shelf life



Increase in temperature ⇒ increase in pressure
 decrease in CO2 solubility, increase in vapour pressure of 

ethanol, water and CO2

 Increase in pressure with increase in %ethanol

Thermal expansion of wine: heat 20–40˚C ⇒ loss of headspace 
of 6 mL for 750 mL  bottle

Post-bottling considerations 

If leave bottles upright (upright storage):

 need high %RH (>80%), otherwise corks dry out

 dry corks allow more oxygen ingress ⇒ greater SO2 loss

 oxygen ingress ⇒ microbial growth (spoilage)



Transporting wine
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Shipping temps can be significant – esp shipping routes cross equator
Typical profile show for wine (bulk)
Wine can be >25deg for 3-5 weeks, depending on route
Enough to kick-start oxidation reactions – reduce freshness and shelf life



Bottling Best Practice

• Use rigorous sanitation procedures

• Be wary of last-minute-adds

• Control oxygen

• Apply appropriate QA checks

• Storage and shipping temperatures can be 

significant
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