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VEGETABLES 
 
Definition: fresh parts of plants which provide suitable human nutrition – 
either raw, cooked, canned or processed in some other way.  
Ripe seeds (peas, beans, cereal grains, etc.) are not considered to be 
vegetables.  
 
Classification from a botanical point of view: 
 

- Algae (seaweed) 
- Mushrooms 
- Root vegetables (carrots) 
- Tubers (potatoes, yams) 
- Bulbs and stem or stalk (kohlrabi, parsley) 
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11.6. VEGETABLES AND FRUITS 
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VEGETABLES 
- Leafy (spinach) 
- Inflorescence (broccoli)  
- Seed vegetables (green peas) 
- Fruit vegetables (tomato) vegetables.  

COMPOSITION 
Vary significantly depending upon the cultivar and origin.  
 

In most vegetables: 
 

- Dry matter: 10–20%. 
- Nitrogen content: 1–5% 
- Carbohydrates: 3–20% 
- Lipids: 0.1–0.3% 
- Crude fibre: ~1% 
- Minerals: ~ 1%  

qwickstep.com  
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Some tuber and seed vegetables → high starch content  
(high dry matter content). 
 

Important secondary constituents: vitamins, minerals, flavour substances 
and dietary fibres. 

Nitrogen compounds 
 

35–80% of them is protein, the rest is amino acids, peptides and other 
compounds. 
 

The protein fraction consists to a great extent of enzymes  
→ beneficial or a detrimental effect on processing.  
They may contribute to:  
- The typical flavour or  
- Formation of undesirable flavours, tissue softening and discoloration. 



5 

Enzymes 
 

- Oxidoreductases (e. g. lipoxygenases, phenoloxidases, peroxidases) 
- Hydrolases (e. g. glycosidases, esterases, proteinases) 
- Transferases (e. g. transaminases) 
- Lyases (e. g. glutamic acid decarboxylase, alliinase, hydroperoxide lyase). 
- Ligases (e. g. glutamine synthetase). 

Enzyme inhibitors  
 

In potatoes: inhibitory effect on serine proteinases. 
In beans: and cucumbers inhibit pectolytic enzymes. 
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Amines 
 

- Spinach: histamine, N-acetylhistamine,N,N-dimethylhistamine. 
- Tomatoes and eggplant: tryptamine, serotonin, melatonin and tyramine. 

Carbohydrates 
The predominant sugars: glucose and fructose (0.3–4%) and sucrose (0.1–
12%).  

Free nonprotein amino acids 
 

The higher homologues of amino acids (homoserine, homomethionine 
and aminoadipic acid). 
 

S-alkylcysteine sulfoxides: important precursors of onion flavour. 
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Starch  
 

- Widely occurs as a storage carbohydrate. 
- Present in large amounts in some root and tuber 
vegetables. Inulin is the storage carbohydrate in 
Compositae (e. g., artichoke). 
 
Pectin  
 

Distinct role in the tissue firmness of vegetables. 
 

Firmness of tomatoes increase with 
- the total pectin content,  
- the content of Ca, Mg;  
as the degree of esterification of the pectin decreases.  

wildmanstevebrill.com  
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Pectinmethylesterase in vegetables, is fully inactivated only at temperatures 
above 88 °C.  
 

Processing of cauliflower at 70 ºC → it is active and provides a build-up of 
insoluble pectates → favourable for preserving tissue firmness.  
 

Lipids 
 

Low lipid content: triacylglycerides, glyco- and phospholipids.  
 

Carotenoids are occasionally found in large amounts (green bell and paprika 
peppers, tomato, watermelon). 
 

Organic acids 
 

Free titratable acids: 0.2–0.4 g/100 g fresh tissue – lower amount in 
comparison to fruits.  
 

The pH is relatively high (5.5–6.5). Exceptions: e. g. tomato. 
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Malic and citric acids are present in the highest concentration. 
Oxalic acid occurs in larger amounts in some vegetables (e. g. rhubarb). 
 
Aroma substances 
 

Mushrooms  
Enzymatic oxidative degradation of linoleic acid.  
 
 
(R)-l-octen-3-ol (champignon-like aroma)  
 
 (R)-l-octen-3-ol  
 
 
1-octen-3-one (mushroom-like odour – lower threshold value!)  
 

heating 
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Celery aroma: 
phthalides in leaves, root, tuber and seeds. 

Main compound 3-butyl-4,5-dihydrophthalide 
(sedanolide). 

Red beet: character impact compound: geosmin.  

Radish 

glucosinolate (widely distributed among Brassicaceae)  

4-methylthio-trans-3-butenyl-isothiocyanate – sharp taste  

slicing 
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Garlic and onions 
The development of ‘lachrymatory factor’ (the compound which causes 
tears). 

Cooking → 3-mercapto-2-methylpentan-1-ol   
- Very low threshold: 0.0016 μg/l in water. 
- Smells of meat broth and onions.  

trans-(+)-S-(1-propenyl)-L-cysteine 
sulfoxide 

(Z)-propanethial-S-oxide (II) 

alliinase  Slicing of  
the onion bulb: 

faqs.org  
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Alkyl-
thiosulfonates – 
raw onion 

Propyl- and propenyl 
disulfides and 
trisulfides – cooked onion. 
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Dimethylthiophenes – fried onion 

S-allyl-Lcysteine sulfoxide (alliin) 

character impact 
compounds of garlic 

alliinase 

key precursor for garlic aroma 
(occurs in garlic bulbs). 

Diallylthiosulfinate (allicin) 
and diallyldisulfide 

sciencenews.org  
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Allylisothiocyanate – high proportion – it participates in the aroma in spite 
of its high odour threshold of 375 μg/kg (water). 

3-methylthiopropylisothiocyanate 
(5 μg/kg) 

2-phenylethylthiocyanate  
(odour threshold 6 μg/kg, water)  

Boiled white cabbage 
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Mustard oil: more than 6% of the total volatile fraction of cooked white 
and red cabbages. 
Major constituents: 2-propenyl, 3-butenyl-, 2-phenylethyl-isothiocyanates.  

myrosinase 
isothiocyanates allylglucosinolate 
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Brussels sprouts  
- Cooked fresh material – satisfactory aroma. 
- Cooked frozen material – less satisfactory –  comparatively little allyl 
mustard oil and more allylnitrile. 
Isothiocyanates in low concentrations are pleasant and appetite 
stimulating. 
Nitriles are reminiscent of garlic odour.  

Allylglucosinolate is thermally degraded only on subsequent cooking – 
preferentially forming nitriles. 

Blanching prior to freezing. 

Myrosinase enzyme is inactivated. 

mizfrogspad.com  



17 

Cooked cauliflower and broccoli 
 

Important aroma compounds: the sulfur compounds 
mentioned for white cabbage.  
E.g. cauliflower: 3-methylthiopropylisothiocyanate,  
3-methylthiopropylcyanide, nonanal. 
Cystathionine-β-lyase catalyzes aroma defect producing 
reaction! 

Degradation of homocysteine is avoided. 

It must be inactivated during blanching.  

familyfruitandveg.com.au  

groovyvegetarian.com  



18 

Vitamins 
 

Significantly varying values depending on:  
- Vegetable cultivar 
- Climate 
- Elapsed time of storage 
 

E. g. 
Spinach – ascorbic acid content: 40–155 mg/100g fresh 
weight.  
Potatoes  
- Freshly harvested 15–20 mg/100 g  
- 6–8 months storage (4 °C), 50% loss 
- peeling and cooking, 40–60% loss 
 

goodon.com  

commons.wikimedia.org  
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Minerals 
 

The most abundant constituent: potassium. 
Ca, Na, Mg  
The major anions: phosphate, chloride and carbonate.  

Plant pigments  
 

Carotenoids 
Anthocyanins 
Chlorophyll 
Betalains 

The green colour 
of leaves and 
unripe fruits. 

chlorophyll a (blue-green) 
chlorophyll b (yellow-green) 
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pheophytins a and b chlorophylls 
– Mg 

olive-brown 

greyish-brown 
 compounds 

chlorophylls 
– Mg  + Sn2+   + Fe3+ 
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Storage of dried vegetables → a change in colour. 
Cause: the conversion of chlorophylls to pheophytins. 
 

Also in blanched vegetables even during frozen storage.  
E. g. The pheophytin content of beans and brussels sprouts: 
 

- After blanching (2 min at 100 ºC): 8–9% 
- After storage for 12 months at −18 ºC: 68–83%. 

Betalains 
betacyanins – red-violet 
betaxanthins – yellow 

Betain: main pigment 
of red beet. 

everybitterthingissweet.wordpress.com  

Red betanin  
- water soluble 
- used to colour food –limited application! 
 It hydrolytically decomposes into the colourless 
derivatives. 
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1. Storability  
1.1. Limited storage time: leafy vegetables (lettuce and spinach), beans, 
peas, cauliflower, cucumbers, asparagus, tomatoes 
 

1.2. Can be stored for months: root and tuber vegetables, 
(e. g. carrots, potatoes, kohlrabi, turnips, red table beets, celery, onions 
and late cabbage cultivars) 
 

2. Appropriate conditions 
- Cold storage 
- High air humidity (relative EH = 80–95%)  
 

3. Changes in composition  
- Experienced weight loss: 2–10%.  
- Decrease in ascorbic acid and carotene contents. 
- Starch and protein degradation. 
- A rise in the free acid content (e. g. cauliflower, lettuce, spinach). 
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FRUITS 

- Pomaceous fruits 
- Stone fruits 
- Berries 
- Tropical and subtropical fruits 
- Hard-shelled dry fruits  
- Wild fruits 

Classification 

true fruits 

spurious fruits 

wild perennial 
plants 

cultivated plants  

last.fm  
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Minor compounds: 
- N-containing materials 
- Lipids 
- Pigments 
- Aroma substances 
- Vitamins 
 
  

COMPOSITION  
 

- Variety 
- Ripeness  
 

Dry matter content: 10–20%.  
(berries and pome, stone, citrus and tropical fruits)  

Major constituents: 
- Sugars 
- Polysaccharides 
- Organic acids 

organoleptic quality 

nutritional importance 
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Nuts  
Moisture content: below 10% 
N-compounds ~ 20% 
lipids ~  50% 

Monosaccharides 
 

Glucose and fructose: greatly varying ratios. 
Other monosaccharides: in trace amounts e. g. arabinose, xylose. 
 
Exceptions:  
- Heptuloses – apples, peaches, and strawberries. 
- Heptuloses and octuloses (0.2 to 5.0%) – avocado.  

encyclopedia2.thefreedictionary.com  

HO 
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Oligosaccharides 
 

Saccharose (sucrose) is dominanting. 
- Maltose: in small amounts (grapes, bananas and guava).  
- Melibiose, raffinose, stachyose: in grapes.  
 
The proportion of reducing sugars to saccharose – huge variation. 
 
- Cherries, grapes figs  have no saccharose.  
- Apricots, peaches and pineapples: significantly higher saccharose 
content than reducing sugar content. 

en.wikipedia.org  
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Polysaccharides 
 
- Cellulose 
 
- Hemicellulose (pentosans) 
 
- Pectins  

Decrease in insoluble pectin fraction. 

Increase in the soluble pectin fraction 

Decrease of the total pectin content. 

fibersource.com  

en.wikipedia.org  
scientificpsychic.com  

Ripening 
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Starch 
 

In unripe fruits. 
Exceptions: bananas (3% or more even in ripe bananas), 
         nuts (Brazil nuts). 
 

Organic acids 
 

L-malic acid 
(predominant in pome and stone fruits) 
 

Citric acid 
(most abundant in berries, citrus and tropical fruits) 
 

Tartaric acid: occurs only in grapes.  
 

Fruit juices: the ratio of citric acid to isocitric acid  - indicate the  
dilution with an aqueous solution of citric acid. 

qwickstep.com  

commons.wikimedia.org 
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Phenolic compounds 
 

Mostly present as glycosides, 
partly also as esters. 
They are antioxidatively active  
- depending on the number and position of the 
OH-groups and on the pH. 
 

Contribute to the colour and taste of many types 
of fruit.  
 

In processing  
→ discoloration by the formation of metal 
complexes 
→ turbidity by complexation of proteins.  

Subclasses: 
1. Flavanols (Faol) 
2. Anthocyanidines (Acn) 
3. Flavanones (Faon)  
4. Flavones (Fon) 
5. Flavonols (Fool) 
6. Isoflavones(Ifon)  

R: H, OH or OCH3 
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Polyphenol content of foods depends on 
 -Variety 
- Climate  
- Degree of ripeness.  
E. g. in apples 1.3 g/kg (Golden Delicious) -  6 – 10g/kg (Jeanne Renard). 
 
Tannins – an astringent, harsh taste, „unripe apple taste” 
 

Flavanones (naringin, neohesperidin) – bitter compounds of citrus fruits. 

polyphenol 
oxidases monophenols o-diphenols o-quinones 

undesired brown discoloration 

oxidation 

polyphenol 
oxidases 
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Protective measures against discoloration: 
 

- Inactivation of enzymes by heat treatment. 
- Using reductive agents (SO2 or ascorbic acid, or removal of available 
oxygen). 

Polyvalent phenols  

Metal ions 
(Al3+, Sn2+, Fe3+) pH > 4 

intensely coloured 
complexes 

E. g. leucoanthocyanins → heating in the presence of an acid → are 
converted → red colour of cooked apples and pears. 

Phenolic compounds 

Proteins 

Complexes with high turbidity 
(fruit juices, beer and wine) 
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