Some basic chemistry

• Secondary aroma compounds: Those formed after cell damage (chopping, peeling, squeezing, etc.).

Biosynthesis. Primary aroma compounds. Esters

• Primary aroma compounds: Those formed via the plant's metabolism (growth, maturation, ripening). 

Terpenes

• Biosynthesised from isoprene (5 carbons)

• Usually have 10 carbons (terpenes) or 15 carbons (sesquiterpenes)

• Called terpenoids when contain a heteroatom (other than C and H)

• Provide characteristic aroma to herbs, spices, fruits (specially citrus).

Some terpenes and terpenoids found in citrus fruits 

Formation of terpenes in citrus fruits

• Isoprene units (5 carbons) are present as isopentyl pyrophosphate

• Two isopentyl units can bind to form a longer 10-carbon chain

Biosynthesis. Secondary aroma compounds

• Secondary aroma compounds: Those formed after cell damage.

• When cells are broken, enzymes get in touch with substrates and initiate the enzymatic reaction.

• Before cell disruption, enzymes and substrates were physically separated.

• Two examples: formation of aroma in Allium and formation of "green" odour aldehydes.

Allium cepa onion

Allium sativum garlic

Allium cepa var. aggregatum shallots

Allium schoenoprasum chives

Allium ampeloprasum leek

Sulfur compounds in Allium

• Formed from alkyl or alkenyl (double bound) sulfoxide derivatives of the amino acid cysteine

• Enzyme: alliinase. Physically separated from the substrates; they get in contact after cell breakage.

• Alliin dominates in garlic (2 g/kg); isoalliin in onion (2.4 g/kg).

Sulphide bonds (-S-) can break and rearrange easily, giving a large variety of compounds. Also form di-(-S-S-), tri-(-S-S-S-) and tetrasulphides (-S-S-S-S-). The longer, the more unstable.

Sulphur aroma compounds

• Very potent aroma compounds. We can perceived them even at extremely low concentrations.

• They have a very characteristic aroma: garlic, onion, but also faecal.

• Unstable compounds. They decompose easily.

• Can form sulphides, disulphide, trisulphides…

Formation of "green" aromas. Enzymatic lipid oxidation

• Formed by the oxidation of lipids caused by lipoxygenase activity. It requires the presence of oxygen!

• The result is linear aldehydes and alcohols with usually 6 or 9 carbons, with very potent "green" or "fresh cut grass" aroma.

• Very potent; they can be perceived even in foods with very low fat content.

• Key aroma compounds in legumes (green peas, soya, etc.), cucumber, herbs, vegetables in general, oils (in excess, they are perceived as rancid*).

*Rancidification of oils can occur by other chemical processes, not only lipoxygenase activity, although the aroma compounds formed are similar.
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FERMENTATION

• Fermentative processes not only help degrade proteins, carbohydrates and other macromolecules to make them more easily digestible.

• Lots of aroma compounds are formed in enzymatic reactions.

• From amino acids, we obtain mostly alcohols, esters and organic acids (Similar to the aroma compounds found in fruits by biosynthesis).

Esters and alcohols in beer

• Beer fermentation by yeast produces a huge variety of fruity alcohols and esters that give their characteristic aroma.

• Esters are predominant in beer and are responsible for the fruity flavour.

• These compounds are also present in other fermented beverages, such as rum, whiskey, wine, sake, etc.

• Also present in other fermented foods like cheese and bread. What aroma compounds can we get from phenylalanine and leucine (together in the same system) by fermentation? Take into account the presence of ethanol and acetyl-SCoA

THERMAL PROCESSING

Formation of a huge variety of aroma, taste and colour compounds.

• Caramelisation

• Maillard reaction

Caramelisation

• Occurs in food products with a high sugar content.

• Requires high temperature, above 120 °C.

• It involves the thermal degradation of sugars, usually mono-but also di-and trisaccharides.

• Since sugars contain only C, H and O, the compounds formed thereafter will only contain these atoms.

• Linear but also cyclic compounds are formed.

Lactose Some sugar molecules: Some cyclic aroma compounds:

• It is a very complex network of parallel and consecutive reactions.

• The final product, melanoidins, are a pool of heterogenous compounds with yellow or brown colour (Maillard reaction  Nonenzymatic browning)

• The amino compound is released and a very reactive dicarbonyl is formed. • This dicarbonyls reacts further with other compounds like amino compounds or it breaks down into other products.

• When the dicarbonyls reacts with an acid, an aldehyde is formed via the Strecker degradation. • This aldehyde will have one carbon less than the amino acid of origin.

Sulphur compounds from cysteine

• Formation of character impact meaty compounds

•

Ribose is a monosaccharide present in meat. Cysteine is an amino acid containing sulphur.

• These compounds are also key in coffee aroma.

• Vegetables and fruits do not contain cysteine and ribose, that is why they do not produce meaty aromas.
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furfurylthiol another important aroma compound in meat and coffee 2-methyl-3-furanthiol

• Although the Maillard reaction is usually associated with thermal processes, it is a spontaneous reaction.

• It can happen very slowly at room temperature.

Higher temperatures increase the reaction rate.

• Ripened cheeses, aged Port wine

• Biosynthesis

• Primary: Esters, terpenes, terpenoids

• Secondary: Linear aldehydes (saturated and unsaturated, usually C6 and C9), sulphides in Allium

• Fermentation

• Alcohols, organic acids, esters from amino acids

• Thermal processing 4-hydroxy-2,5-dimethyl-3(2H)-furanone 28.

3-hydroxy-4,5-dimethyl-2(5H)-furanone 

•

  Foods consumed raw: fruits, vegetables, salads, spices • What is flavour for us are attractants or repellents for other animals • Primary aroma compounds: Those formed via the plant's metabolism (growth, maturation, ripening).
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banana aroma) Ethyl hexanoate (pineapple, apple) Ethyl butanoate (strawberry, orange)

  

			SCoa
			Acetyl CoA
	3-methylbutanal (malt, cocoa)	3-methyl-1-butanol (mango, fruity)	3-methylbutyl acetate (banana)
	leucine (2-amino-	SCoa	ethanol
	4-methylpentanoic acid)		
			ethyl 3-methylbutanoate
	3-methylbutyl CoA	(apple, pineapple)
	smells/		

• Mostly esters and terpenes. Very important in fruit aroma 6 3-methylbutyl acetate ester (https://jameskennedymo nash.wordpress.com/201 3/12/13/infographictable-of-esters-and-their-

12 lemon p-menthene-8-thiol

  

	1,8-cineol (eucaliptol) eucaliptus	Cuminaldehyde (p-isopropylbenzaldehyde) cumin		α-caryophyllene (humulene)
	grapefruit	pine	grapefruit	hops
	Two stereoisomers, two different aroma qualities:
	R-(-)-carvone spearmint		
	S-(+)-carvone caraway		
	lemon	citrus, geranium		

Exercise 2. Origin of these aroma compounds?

  

	Alcohols			
	1.	methylpropanol		
	3.	3-methylbutanol		
	15.	3-(methylthio)-propanol		
	22.	2-phenylethanol		
	Aldehydes 9. 13.	3-(methylthio)-propanal phenylacetaldehyde	Esters 2. 4.	3-methylbutyl acetate ethyl hexanoate
	Organic acids		7.	ethyl octanoate
	8.	acetic acid	18a.	2-phenylethyl acetate
	11.	methylpropanoic acid		
	12.	butanoic acid	Terpenes	
	14a.	2-methylbutanoic acid	10.	linalool
	14b. 19. 26. 33.	3-methylbutanoic acid hexanoic acid octanoic acid phenylacetic acid	Cyclic compounds 6. 2-acetylpyrroline 25b.

• Caramelisation: a variety of linear, branched and cyclic compounds (C,H,O)

• Maillard reaction: Aldehydes from amino acids, heterocyclic compounds (C,H,O,N,S), ketones, sulphur compounds…

an example:

https://link.springer.com/chapter/10.1007/978-3-319-56526-2_5 cysteine

(transaminases) (decarboxylases)(alcohol dehydrogenase)

REDUCING SUGAR + AMINO COMPOUND

How can we guess the origin of an aroma compound?

• Ingredients

• Composition. Sugar? Fats? Proteins?

• Processing

• Is there a thermal process involved?

• Is the product fermented?

• Both?

• Nature of the aroma molecule 3-methylbutanol 15.

3-(methylthio)-propanol 22.

2-phenylethanol Aldehydes THERMAL (Maillard) 9.

3-(methylthio)-propanal 13.

phenylacetaldehyde

3-methylbutyl acetate 4.

ethyl hexanoate 7.

ethyl octanoate 18a.

2-phenylethyl acetate

Origin of these aroma compounds?