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5. VITAMINS 
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INTRODUCTION 
Minor, but essential constituents of food.  
 

Required for the normal growth, maintenance and functioning of the human 
body. 
 

→ Their preservation during storage and processing of food is of far reaching 
importance. 
 

Vitamin losses can occur: 
 

- Through chemical reactions which lead to inactive products. 
- By extraction. 
- By leaching  (water-soluble vitamins during blanching and cooking). 
 

Balanced diet: the vitamin requirement of the body is usually adequately 
supplied. 
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Processed/ canned 
product  

Samples of 
vegetable 
analyzed 

Vitamin losses as % of freshly cooked and drained 
product 

A B1 B2 Niacin C 

Frozen products 
(cooked and drained) 

10a 12c  
0−50d  

20  
0–61 

24  
0–45  

24  
0–56  

26 
0–78 

 
Sterilized products 
(drained) 

7b 10  
0–32 

67  
56–83 

42  
14–50  

49  
31–65 

51 
28–67 

Vitamin losses (%) through processing/canning of vegetables 

a Asparagus, lima beans, green beans, broccoli, cauliflower, green peas, potatoes, spinach, 
brussels sprouts, and baby corn-cobs. 
b As under a) with the exception of broccoli, cauliflower and brussels sprouts; 
the values for potato include the cooking water. 
c Average values. 
d Variation range. 
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Deciency:  
- hypovitaminosis  
- avitaminosis. 
 

Both can occur: 
- As a consequence of insufficient supply of vitamins by food intake.  
- Disturbances in resorption, by stress and by disease. 
 

An assessment of the extent of vitamin supply: 
- Determination of the vitamin content in blood plasma. 
- Measuring a biological activity which is dependent on the presence of a 
vitamin, as are many enzyme activities. 
 

Two general classes:  
- Fat-soluble vitamins (A, D, E, K1) 
- Water-soluble vitamins (B1, B2, B6, nicotinamide, pantothenic acid, biotin, 
folic acid, B12 and C). 
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FAT-SOLUBLE VITAMINS 
 

Retinol (Vitamin A) 
 

Biological Role 
 

Protein metabolism of cells which develop from the ectoderm (such as skin 
or mucous-coated linings of the respiratory or digestive systems).  
Lack of retinol:  
→ negatively affects epithelial tissue (thickening of skin, hyperkeratosis) 
→ causes night blindness. 
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Chromophore component of the visual 
cycle chromoproteins  
- in three types of cone cells: 
blue, green and red (λmax 435, 540 and 
565 nm, respectively)  
- rods of the retina. 

Retinol, in the form of 11-cis-retinal: 

Requirement, occurrence 
 

The daily requirement of vitamin A is provided:  
- 75% retinol intake (as fatty acid esters, primarily retinyl palmitate) 
- 25% through β-carotene and other provitamin active carotenoids. Due to 
the limited extent of carotenoid cleavage, at least 
6 g of β-carotene are required to yield 1 g retinol. 
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Absorption and storage: 
- In the liver. 
- Essentially in the form of fatty acid esters. 
(250 μg/g fresh liver tissue, i. e. a total of about 240–540 mg is stored.)  
Liver → free retinol → blood (retinol binds to proteins) 
 
Vitamin A occurs only in animal tissue (in fish liver oil, in livers of 
mammals, in milk fat, in egg yolk). 
Plants:  
- are devoid of vitamin A. 
- do contain carotenoids which yield vitamin A by cleavage of the 
centrally located double bond (provitamins A).  
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Carotenoids are present primarily:  
- In green, yellow and leafy vegetables (carrots, spinach, cress) 
- In fruit.  
Often used for yellow colouring (pumpkin, apricots, oranges, palm oil) 
Animal carotenoids are always of plant origin, derived from feed. 
- The vitamin A content of foods can vary greatly with cultivar, stage of 
ripeness, etc.  
 
Stability, degradation 
 

Food processing and storage → 5–40% destruction of vitamin A and 
carotenoids.  
In the absence of oxygen and at higher temperatures, (cooking or food 
sterilization) the main reactions are: 
 - isomerization, 
 - fragmentation. 
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In the presence of oxygen: oxidative degradation 
→ series of products (volatiles) 
 

This oxidation often parallels lipid oxidation (cooxidation process). The 
rate of oxidation is influenced by 
 - oxygen partial pressure 
 - water activity 
 - temperature. 
 

Dehydrated foods are particularly sensitive to oxidative degradation. 
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Calciferol (vitamin D) 
Biological role 

7-dehydrocholesterol (in the skin)  

cholecalciferol (vitamin D3) 

photolysis  
by ultraviolet light  

ergosterol 

ergocalciferol (vitamin D2) 
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Vitamin D2 and D3 
 
1. Hydroxylation first in the liver  
→ 25-hydroxycholecalciferol (calcidiol) - prohormone  
 

2. Subsequent hydroxylation in the kidney 
→ 1α,25-dihydroxycholecalciferol (calcitriol) - vitamin D hormone  
 

Calcitriol: 
- Inductor of proteins in various organs.  
- Promotes calcium resorption in the intestine and an optimal calcium 
concentration in the kidney and in the bones. 
- Induces the synthesis of proteins involved in the structure of the bone 
matrix and in calcification. 
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Vitamin D deficiency: 
→ increased excretion of calcium and phosphate  
→ bone formation through inadequate calcification of cartilage and bones 
(childhood rickets).  
 

Vitamin D deficiency in adults  
→ osteomalacia: softening and weakening of bones.  
 

Excessive intake of vitamin D (intake >50 μg/day) 
→ Hypercalcemia (calcium carbonate and calcium phosphate deposition 
disorders involving various organs). 
 
Occurrence 
 

- D3: most natural foods have a low content. 
- D2: fish liver oil.  
- Provitamin D2: yeast, mushrooms, cabbage, spinach, wheat germ oil. 
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- Vitamin D3 and its provitamin: egg yolk, butter, cow’s milk, beef and pork 
liver, mollusks, animal fat, pork skin.  
The most important vitamin D source is fish oil, primarily liver oil.  
 

- The vitamin D requirement of humans is best supplied by  
7-dehydrocholesterol. 
- The vitamin D content of a particular food can vary widely. 
E.g. variations in dairy cattle milk (summer or winter), caused by  

- Feed 
- Frequency of pasture grazing and exposure to the ultraviolet rays 
of sunlight. 

Stability, degradation 
 

Vitamin D is sensitive to oxygen and light.  
Its stability in food is not a problem -  adults usually obtain a sufficient 
supply. 
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α-Tocopherol (vitamin E) 
 

Biological role 
 

The various tocopherols differ in the number and position of the methyl 
groups on the ring. 
α-Tocopherol has the highest biological activity: 

1. Antioxidative properties: retard or prevent lipid oxidation.  
→ It contributes to the stabilization of membrane structures 
→ Stabilizes other active agents against oxidation (e. g., vitamin A, 
ubiquinone, hormones, and enzymes).  
 

2. Involved in the conversion of arachidonic acid to prostaglandins. 
 

3. Slows down the aggregation of blood platelets. 
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Vitamin E deficiency: 
→ chronic disordes (sterility in animals, anemia in monkeys, muscular 
dystrophy in chickens).  
 

Requirement, occurrence 
 

The requirement increases when the diet contains a high content of 
unsaturated fatty acids 
 

The main sources are vegetable oils, particularly germ oils of cereals. 
 
Stability, degradation 
 

Losses occur in vegetable oil processing into margarine and shortening.  
In dehydrated or deep fried foods intensive lipid autoxidation  
→ significant losses. 
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Tocopherol 
Total (mg/100 g) 

Loss (%) 

Oil before deep frying 82 
after deep frying 73 11 

Oil extracted from potato chips immediately 
after production 

75 

- after 2 weeks storage 
at room temperature 

39 48 

- after 1 month storage 
at room temperature 

22 71 

- after 2 months storage 
at room temperature 

17 77 

- after 1 month kept at −12 ºC  28 63 
- after 2 months kept at −12 ºC 24 68 

Oil extracted from French fries 
immediately after production 

78 

- after 1 month kept at −12 ºC 25 68 
- after 2 months kept at −12 ºC 20 74 

Tocopherol stability during deep frying 
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Phytomenadione (vitamin K1, phylloquinone) 
 

Biological role 
The K-group vitamins: naphthoquinone derivatives which differ in their side 
chains. 

Involved in the post-translational 
synthesis of γ -carboxyglutamic acid 
(Gla) in vitamin K-dependent proteins.  

In this process, it is converted to the epoxide 
from which vitamin K is regenerated. 

K1 is reduced to the hydroquinone form which 
acts as a cofactor in the carboxylation of 
glutamic acid. 
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Vitamin K-dependent proteins: bind Ca2+ ions at Gla.  
Blood clotting factors (prothrombin, proconvertin, Christmas and Stuart 
factor).  
Deficiency of K1 vitamin:  
→ reduced prothrombin activity,  
→ hypothrombinemia, 
→ hemorrhage. 
 

Requirement, occurrence 
 

- The daily requirement is covered by food.  
- The bacteria present in the large intestine form relatively high 
amounts of K2.  
- It is uncertain whether they appreciably contribute to covering the 
requirement. 
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Stability, degradation 
 

Little is known about the reactions of vitamin K1 in foods.  
- Destroyed by light and alkali.  
- Relatively stable to  

- atmospheric oxygen, 
- exposure to heat. 

Oil hydrogenation: 
→ the double bond in residue R is attacked. 
 

- Hydrogenated vitamin K (2,3-dihydrophylloquinone) is absorbed.  
- It is no longer as active as the natural form. 

Vitamin K1 occurs primarily: 
- Green leafy vegetables (spinach, cabbage, cauliflower). 
- Liver (veal or pork). 
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WATER-SOLUBLE VITAMINS 
 

Thiamine (Vitamin B1) 
 

Biological Role 
 

Coenzyme in the form of its pyrophosphate, in reactions involving the 
transfer of an activated aldehyde unit.  
Pyruvate dehydrogenase, transketolase, phosphoketolase,  
α-ketoglutarate dehydrogenase. 

D: donor 
A: acceptor 
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Vitamin B1 deficiency: a decrease in activity of the enzymes 
Avitaminosis: beri-beri (neurological and cardiac symptoms). 
 
Requirement, occurrence 
 

Key substance in carbohydrate metabolism 
→ the requirement increases in a carbohydrate-enriched diet.  
 

Found in: 
 

- plants: in the pericarp and germ of cereals (whole grain bread!), 
vegetables (potatoes) and shelled fruit,  
- yeast,  
- pork, beef, fish, eggs and in animal organs (liver, kidney, brain and 
heart), 
- human milk and cow’s milk. 
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The enzyme-bound form is less stable than free thiamine. 
 

Thermal degradation of thiamine:  
→ Initially yields the thiazole and pyrimidine derivatives.  
→ Involved in the formation of meat-like aroma in cooked food. 

Thiamine in  
a phosphate buffer 
b wheat or oat flour  
 
c thiamine pyrophosphate 
in flour 

Stability, Degradation 
 
Thiamine stability is low in 
aqueous solution. 
Influenced by: 
 

- pH, 
- temperature, 
- ionic strength, 
- metal ions. 

Inactivation rate of thiamine as affected by pH 



23 

- Thiamine is inactivated by nitrites. 
(Probably through reaction with the amino group attached to the pyrimidine 
ring.) 
 
The expected thiamine losses: 
 

- Canned fruit or vegetables stored for more than a year (15–25%). 
- Meat cooked (depending on temperature and preparation method (0–60%)  
- Salt brine pickling of meat, white bread baking (20%) 
- Blanching of cabbage 

- Without sulfite (15%) 
- With sulfite (40%) 

Losses caused by sulfite are pH dependent.  
 

Practically no thiamine degradation occurs in a stronger acidic medium (e. 
g. lemon juice). 
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Riboflavin (Vitamin B2) 
 

Biological Role 
 

Prosthetic group of flavine enzymes, which are of great importance 
in general metabolism (particularly in metabolism of protein). 

Deficiency → accumulation of amino acids. 
 
The riboflavin pool in the body is very 
stable → deficiency symptoms are rarely 
observed with a normal diet.  
 
Even in a deficient diet it is not 
depleted by more than 30–50%. 
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Occurrence 
 

The most important sources: milk and milk products, eggs, 
- various vegetables, 
- yeast,  
- meat products (heart, liver and kidney) and fish liver and roe.  
 
Stability, degradation 
 

- Relatively stable in normal food handling processes.  
Losses: 10–15%. 
- Exposure to light (especially 420–560 nm) 
→ photolytically cleaves ribitol from the vitamin → lumiflavin: 
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Pyridoxine (pyridoxal, vitamin B6) 
 

Biological role 
 

Vitamin B6 activity is exhibited by: 
 - pyridoxine 
 - pyridoxol (R=CH2OH), 
 - pyridoxal (R=CHO)  
 - pyridoxamine (R=CH2NH2).  
 

Pyridoxal phosphate: the metabolically active form. 
Coenzyme of amino acid decarboxylases, racemases, dehydrases and 
transferases, serine palmitoyl transferase, lysyl oxidase and enzymes of 
tryptophan metabolism. 
 

The intake occurs usually in the forms of pyridoxal or pyridoxamine. 
Pyridoxine deficiency in the diet → disorders in protein metabolism, e. g., 
in hemoglobin synthesis.  
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Stability, degradation 
 

The most stable form: pyridoxal  
→ used for vitamin fortification of food.  
 

Vitamin B6 losses: 
 - Cooking of meat (45%). 
 - Cooking of vegetables (20–30%). 
Milk sterilization: a reaction with cysteine transforms the vitamin into an 
inactive thiazolidine derivative. 
→ vitamin losses also in other heat-treated foods. 

thiazolidine 
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Nicotinamide (niacin) 
 

Biological role 

Coenzyme of dehydrogenases in the form of NAD+ and NADP+. 
The initial deficiency symptoms are largely non-specific. 
Avitaminosis: pellagra  
- affects the skin, digestion, and the nervous system  
- dermatitis, diarrhea and dementia.  
 

Requirement, occurrence 
L-tryptophan substitutes for niacin in the body (60 mg L-tryptophan 
equalling 1 mg nicotinamide). 
 
Milk and eggs, good foods for prevention of pellagra though they contain 
little niacin, because they contain tryptophan. 
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The vitamin occurs in food: 
 - nicotinic acid,  
 - nicotinic acid amide,  
 - coenzyme.  
Abundant sources:  
 - animal organs (liver, lean meat)  
 - cereals,  
 - yeast 
 - mushrooms. 
 
Stability, degradation 
 

Nicotinic acid is quite stable.  
 - Blanching of vegetables: moderate losses of up to 15%. 
 - The first days of ripening of meat (25–30%  loss). 
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Pantothenic acid 
 

Biological role 
 

The building unit of CoA (carrier of acetyl and other acyl groups in cell 
metabolism). 
Occurs in free form in blood plasma,  
 in organs it is present as CoA.  
The highest concentrations are in liver, adrenal glands, heart and kidney. 
A normal diet provides an adequate supply. 
 
Stability, degradation 
 

Pantothenic acid is quite stable.  
- Milk processing: 10% loss 
- Cooking of vegetables: 10–30% loss mostly due to leaching. 
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Biotin 
 

Biological role 
 

Prosthetic group of carboxylating enzymes (acetyl-CoA-carboxylase, 
pyruvate carboxylase and propionyl-CoA-carboxylase). 
→ Plays an important role in fatty acid biosynthesis and in 
gluconeogenesis. 
The carboxyl group of biotin forms an amide bond with the ε-amino group 
of a lysine residue of the particular enzyme protein.  

Deficiency rarely occurs.  
Consumption of large amounts of raw egg white might inactivate 
biotin by its specific binding to avidin. 
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Biotin is not free in food, but is bound to proteins. 
Quite stable.  
Losses during processing and storage of food are 10–15%. 
 
Folic acid 
Biological role 
Pteroylmonoglutamic acid (PGA) → tetrahydrofolate derivative: cofactor 
of enzymes which transfer single carbon units in various oxidative states 
(e. g. formyl or hydroxymethyl residues).  
In transfer reactions the single carbon unit is attached to the N5- or N10-
atom of tetrahydrofolic acid: 
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Folic acid deficiency caused by: 
- Insufficient supply in the diet.  
- Malfunction of absorptive processes. 
 

Folate deficiency 
→ congenital defect (neural tube defect).  
→ number of diseases. 
 

Requirement, occurrence 
 

The requirement is not often reached.  
In food folic acid is mainly bound to oligo-γ-L-glutamates. 
The absorption of this conjugated form is limited. 
The average bioavailability is estimated at 50%.  
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Supplementation of cereal products are with folic acid in order to avoid 
deficiency (e. g., 1.4 mg/kg in the USA). 
→ Positive effects on consumer health have been observed. 
 

Stability, degradation 
 

Folic acid is quite stable.  
- During blanching of vegetables – there is no destruction.  
- Cooking of meat – small losses.  
- Losses in milk 

- Due to an oxidative process. 
- Parallel those of ascorbic acid.  

 
Ascorbate added to food preserves folic acid. 
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Cyanocobalamin (Vitamin B12) 
 

Biological Role 
 

Formed as an artifact in the 
processing of biological materials.  
 

Cobalamins occur naturally:  
- Adenosylcobalamin 
- Methylcobalamin  
 

(Instead of the cyano group contain a 
5-deoxyadenosyl residue or a methyl 
group). 
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Adenosylcobalamin (coenzyme B12): participates in rearrangement 
reactions. 
 

- Conversion of methylmalonyl CoA to succinyl CoA.  
 

Vitamin B12 deficiency → excretion of methylmalonic acid in 
the urine. 
 

- Reduction of ribonucleoside triphosphates to the corresponding 2-deoxy 
compounds (building blocks of deoxyribonucleic acids). 
 

Methylcobalamin: formed when homocysteine is methylated to methionine. 
 

The absorption of cyanocobalamin is achieved with the aid of a 
glycoprotein, the “intrinsic factor” formed by the stomach mucosa.  
 

Inadequate formation of “intrinsic factor” → impaired absorption  
→ vitamin deficiency → pernicious anemia. 
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Requirement, occurrence 
 

- Vitamin B12 promote growth  
(in young chickens, suckling pigs and young hogs)  
due to the influence of the vitamin on protein metabolism. 
- The increase in feed utilization is exceptional with underdeveloped young 
animals.  
- Important in poultry operations (enhanced egg laying and chick hatching).  
Vitamin B12 sources: liver, kidney, spleen, thymus glands and muscle 
tissue. 
 
Stability, degradation 
Very dependent on a number of conditions:  
- At pH 4–6 fairly stable, even at high temperatures.  
- In alkaline media /in the presence of reducing agents, (e. g. ascorbic acid 
or SO2), the vitamin is destroyed to a greater extent. 
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L-Ascorbic acid (vitamin C) 
 

Biological role 
 

L-3-keto-threo-hexuronic acid-γ -lactone 

- Hydroxylation reactions (e. g., biosynthesis of catecholamines, 
hydroxyproline and corticosteroids). 
 

- Fully absorbed and distributed throughout the body, with the highest 
concentration in adrenal and pituitary glands. 
 

- An increase in excreted oxalic acid occurs only with a very high intake of 
ascorbic acid.  
 

- Scurvy is caused by a dietary deficiency of ascorbic acid. 
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Requirement, occurrence 
 

Present in all animal and plant cells, 
- mostly in free form,  
- bound to protein as well.  
Particularly abundant:  in rose hips, black and red currants, strawberries, 
parsley, oranges, lemons (in peels more than in pulp), grapefruit, a variety 
of cabbages and potatoes.  
 

Vitamin C loss during storage of vegetables from winter through late 
spring: 70% ! 
 

The  synthesis is more cost effective by means of genetically modified 
microorganisms than chemically.  
 

Stability, degradation 
- Ascorbic acid has acidic hydroxyl groups (pK1 = 4.04, pK2 = 11.4).  
- Its UV absorption depends on the pH value. 
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Ascorbic acid → reversible oxidation → 
dehydroascorbic acid.  
Present in aqueous media as a hydrated 
hemiketal (IV).  

The activity is completely lost when the 
dehydroascorbic acid lactone ring is 
irreversibly opened → 2,3-diketogulonic 
acid. 

The biological activity of 
dehydroascorbic acid is weaker than 
ascorbic acid. 
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The oxidation of ascorbic acid to dehydroascorbic acid and its further 
degradation products depends on a number of parameters: 
 - oxygen partial pressure,  
 - pH,  
 - temperature, 
 - presence of heavy metal ions. 
Metal-catalyzed destruction proceeds at a higher rate than noncatalyzed 
spontaneous autoxidation. 

Traces of heavy metal ions 
(Cu2+ and Fe3+) → high 
losses. 
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Anaerobic vitamin C degradation: 
 

Its rate is 
 - maximal at pH = 4  
 - minimal at pH = 2  
It probably proceeds through the 
ketoform of ascorbate, then via a 
ketoanion to diketogulonic acid. 
Diketogulonic acid degradation products,  
 - xylosone 
 - 4-deoxypentosone 
are converted into: 
 - ethylglyoxal,  
 - reductones 
 - furfural 
 - furancarboxylic acid. 
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In the presence of amino acids:  
 

   - ascorbic acid, 
   - dehydroascorbic acid  
   - their degradation products  
 

E. g.  dehydroascorbic acid + amino compounds → pigments → unwanted 
browning in citrus juices and dried fruits.  
 

Strecker degradation product intermediate: scorbamic acid. 
 

A wealth of data is available on ascorbic acid losses during preservation, 
storage and processing of food.  
 

Ascorbic acid degradation is often used as a general indicator of changes 
occurring in food. 

Changed further by entering into 
Maillard-type browning reactions. 
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Ascorbic acid losses as a result of cooking of cabbage  
(Plank, 1966) 
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Ascorbic acid losses in green beans versus blanching temperature 
(Plank, 1966) 
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