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A Frenchman 
A yellow-brown sweet-savory reaction? 

Toast starts the day & a steak may end it 
Maillard chemistry 

Distilled spirits production & Maillard chemistry 
A coffee break 

Million dollar question 
Questions 
Summary 





Maillard – the Reactions 



Maillard - The Basics 

1912 – a simple browning reaction 
From disease to the taste of cooked onions 

Maillard reaction & cooking 
Non-enzymatic browning 

Hodge 1973 
Many reactions - 3 main stages 





Maillard –Simply Defined 

+ High temperature =  Range of dark pigmented 
products & flavor 









Strecker Degradation products & flavors 





Maillard – color, aroma & flavor 
1000’s 
products > 
flavor & 
aroma 
Melanoidins 
> complex = 
brown 
polymers > 
contribute 
color 



Maillard Conditions 
 

Increase in Temp  
 

 

Heat time 
 

 
 

 

pH (esp. above 7.0) 



 
 

< 55°C (130°F): Days, months, years 
 

55-100°C (130-212°F): Water [High Protein] [High 
Sugar] & alkaline – hours, days 
 

100-150°C (212-300°F): Hours when close to BPt. 
of Water 
 

150-165°C (300-330°F): Fast – browning in mins. 
 

165-200°C (330-400°F): Inc. in caramelization – 
Maillard inhibited 
 

200+°C (400+°F): Caramelization and burning 



Let’s add some color to the mix! 





On to Distilled Spirits Production 



Where will Maillard reactions occur? 
Malting/kilning 

Cooking 
Mashing 
Distilling 

Spent grain drying 
Cask toasting/

charring 



Malting and kilning 
Malt & grains > initial input 

Maillard reaction components 
Distillers malts not cured like 
ale malts - choose grains for 

desired flavor 
 Brewer’s malts: High 

temperature kilning & roasting 
> develops flavor compounds 



Cereals 
Chemical formation - aroma components from 

free amino acids & reducing sugars 
 

Amino acids in green malt transformed à 
Strecker aldehydes – pH dependent! 

 

Model Maillard reactions > cereal, corny, bready 
flavors 



Cereals & Pyrazines Kilning/roasting:  
Strecker 
degradation free 
amino acids à 
Pyrazines 
“Green, nutty 
roasted, coffee” 
End up in wash or 
beer 
Dozen + pyrazine 
derivatives > 
notable flavors 



Cooking 

Different cooking 
systems 

Degradation of 
fermentable 

carbohydrates & amino 
acids – impact spirit 

yield! 



Mashing 

Mashing operations 
& Maillard: 
 

Flavor & Yield 
 

FAN and 
fermentation? 



Distilling 

Changing distillation 
temperature/protocols 

Saving energy 
Direct firing (hot spots)/

indirect heat more 
uniform 

 



Distilling – Thermal issues 

Decrease still operation time – higher 
temperature & increased distillation rate 

or 
Insulate still 

= changes in temperature profile through the 
distillation 



Some Experiments 



Thermal issues - SWRI - Frances Jack 

Mimic still surface temp. 
Heat wash: 60, 80, 100, 120°C 

Hold under reflux 1 hr. 
Vacuum distilled 57°C [Low thermal stress] 

The results….? 



Thermal issues - SWRI – F. Jack - Results 

Sensory results: 
Each 20°C rise > significant 

change in aroma 
= Heavy cereal & sulfury notes 

 
Note: Cu(I), Cu (II) and Fe increases Maillard 

reactions 

 
 



Cereal and feinty notes? 

Likely Maillard notes 
Remember: 

Amino acids + sugars + HEAT = Flavor Active 
Congeners 

Try simple heat steps with wash 
(or wort) & compare flavors - alter 
conditions accordingly! 



What SWRI found: 
2-Acetyl-pyrroline (cereal, white bread, jasmine & 
basmati rice, hot buttered popcorn) 



What SWRI found: 
Tri-methyl pyrazine (nutty, peanut, potato) 



What SWRI found: 
2,5-dimethyl pyrazine 
(nutty, roasted nuts, 
meaty, roast beef, 
potato chips, woody & 
grassy) 









Will they distill over – that is the question! 

SWRI showed under lab reduced vacuum – yes! 
+ Spirits taste of the raw materials used 

Conditions: 
Heat               Boiling Points 
 pH      Hydrogen bonding (?) 

Lower proof distillation > grain notes carryover? 



Will they distill over – that is the question! 

Furan – BPt. 31.3°C (88.3°F) 
 

Oxazole – BPt. 69.5°C (157.1°F) 
 

Pyridine (alkylpyridine) – BPt. 
128-130°C (262.4-266.0°F) 

 

 

 
 
 



Will they distill over – that is the question! 

 

Pyrazine – BPt. 115°C (239°F) 
 

Pyrrolle – BPt. 129°C (264.2°F) 
 

Thiophenes – BPt. 84°C (183.2°F) 
 

 
 
 



After Distillation & Maillard Reactions 



Spent Grain  
Distillers Dry Grains 

with Solubles 
Quality protein in spent 
grains imp. poultry & 

swine diets   
Overcooked DDGS in 
drying: amino acids 

combine with CHO’s – 
rendered undigestible 

Amino acid 
deficiencies! 



Casks 
Many sugars generated/developed in charring & 

toasting 
Charring: Caramelization overrides Maillard 



Toasted Oak 
Extracts have shown the Maillard compound: 
2,3-dihydromaltol [aka. 5-­‐Hydroxy-­‐6-­‐methyl-­‐2,3-­‐
dihydro-­‐4H-­‐pyran-­‐4-­‐one.	
  PYRANONE!] 
 



Toasted Oak 
Extracts 
have 
shown: 
Furaneol 
 

[aka.4-­‐hydroxy-­‐2,5-­‐dimethyl-­‐3(2H)	
  FURANONE] 



Toasted Oak 
Extracts have shown: 
2,3-dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-
one [aka. 3,5-­‐Dihydroxy-­‐6-­‐methyl-­‐2,3-­‐dihydro-­‐4H-­‐
pyran-­‐4-­‐one.	
  PYRANONE!] 
 





Questions? 



Summary/Conclusions 



Summary 
Simple concept 

 
Sugars & amino acids 

 
Complex reactions 

 







 

Occurrence – many heating stages 
of process 

 

Affects: Yields, Flavor & Quality 
Spent Grain 

 

Many points of control! 



Control  
Choice of Grains – kilning & preparation 

 

Milling operations (à cloudy or clear wash, 
mash or wort) 

 

Heat - cooking & mashing steps 
 

Heat & time course – distillation 
 



Final words 
A key understanding of flavor changes can allow 

ultimate control of spirit quality 
 

It started with a yellow-brown colored product & 
a French chemist back in 1912 

 

Now it is up to you….. 



Ask yourself what can 
browning do for you. 

 
But….. 





	
  
Thank you,  

Gary Spedding, Brewing and Distilling 
Analytical Services 

 
 

Please complete the evaluations! 
 


