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9. FOOD TECHNOLOGICAL 
ADDITIVES 
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INTRODUCTION 
The aims of the utilization of additives: 
 

1. Enhancement of the shelf life of food 
Global food trade requires longer shelf life.  
- Protection against microbial spoilage.  
- Suppression of undesired chemical and physical changes. 
 

2. Preservation or correction of sensory value of food. 
Processing → organoleptic properties (colour, odour, taste, 
consistency/texture) may change. 
- Readjustment by additives (e. g. flavour enhancers, pigments).  
- Stabilization of food consistency (e. g. polysaccharides). 
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3. Expansion of the nutritive value of food. 
Fortification of food with beneficial ingredients (e. g. vitamins, minerals, 
amino acids. (Functional food, nutraceuticals).  
 

FOOD ADDITIVES 
 

Antimicrobial agents 
 

The best solution i. e. elimination of microflora by physical methods is not 
always achievable. 
Requirements: wide biological activity, negligible toxicity, acceptable cost. 
Use of weak acids as preservatives: in the undissociated form (penetration 
into the inside of the microbial cell) → suitable for acidic foods). Propionic 
acid sorbic acid, bensoic acid: anion is also active to some extent. 
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Propionic acid 
 

- Formed during some natural fermentation process (e. g. Emmental cheese 
making-up to 1%).  
- Nontoxic.  
- pH dependent activity (recommended use up to pH 5). 
 

- Active against moulds, less so against bacteria.  
Ca-salt in bakery products against moulds and Bacillus mesentericus 
(ropiness). 
Cheese processing: dipping in propionic acid solution against mould 
formation on the surface. 
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Acetic acid 
 

An ancient preservative (vinegar) and seasoning agent. 
Antimicrobal activity against yeasts and bacteria. 
Free acid, or salts (Na, Ca) (e. g in bakery products,  ketchup, mayonnaise). 
 

Benzoic acid 
 

Low solubility of free acid → alkali salt is used.  
Present in nature (some berries, plum) in glycoside form. 
Activity against yeasts and moulds (less so against bacteria).  
- Tolerable for humans (< 0.5 g/day). 
- Used together with other preservatives. 
- Higher activity at lower pH (< pH 4), in sour food.  
- Others: drinks with carbon dioxide, jellies, margarine, fruit salads, 
marmalades, jellies, fish preserves, margarine. 
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Parabens (p-hydroxybenzoic acid alkyl esters, PHB) 
 

- Their activity proportional to the length of alkyl chain (methyl → butyl).  
- Solubility inversely proportional to the length of alkyl chain. 
- The microbial activity is primarily against fungi and yeasts. 
 
Sorbic acid 
 

Other unsaturated straight chain carboxylic acids are also effective. 
The advantages of sorbic acid: its solution is tasteless and odourless at the 
required concentration. 
- Primarily antifungal agents and active against yeasts. 
- Activity depends on pH. 
- Acid/salts are used in beverages (fruit juices, wines), baked products, 
cheeses, jellies and margarine. 
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Sulfite and SO2 
 

Both of them: 
- Efficient against yeasts, moulds and bacteria.  
- The activity higher at low pHs (undissociated sulfurous acid). 
- Possible mutagenic activity? 
Toxicity is negligible at the levels applied.  
 

Sulfite reacts with a series of food constituents (e. g., proteins, 
folic acid, pyridoxal, thiamine…) 
 

SO2 
- Added to fruit juices, dehydrated fruits and vegetables, syrups.  
- Elimination interfering microorganisms prior to must fermentation.  
- Wine storage. 
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Beyond antimicrobal effects: 
1. Hampers Maillard reaction (nonenzymatic browning) through blocking 
of carbonyl group. 
2. Inhibits polyphenol oxidases (enzymatic browning). 
 
Ethylene oxide, propylene oxide 
- Efficient against all microorganisms (including vegetative cells and 
spores) and viruses.  
- Very toxic compounds – they have to be removed following application. 
- More essential food constituents are converted into inactive derivatives 
(e.g. pyridoxine, folic acid, methionine). 
Application: gaseous sterilants for foods, when heat sterilization is not 
applicable. 
Mostly used at dry foods: dehydrated foods (fruits and vegetables), 
walnuts, high spore content spices. 
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Nitrite, nitrate 
 

Risk of Clostridium botulinum infection in nonsterilized meat products → 
inhibition the growth with nitrite/nitrate. 
 

Antimicrobial activity  
- Is emphasized in a mixture with common salt. 
- Proportional to the amount of free HNO2. 
Other important effects: 
- Colorization (to redden) of meat (desirable).  
- Acute toxicity (methemoglobin formation): only at high levels of 
concentration. 
 

Development of nitrosamines –  carcinogenic activity – a real problem. 
Its level has to be reduced        no other effective substance for replacement 
in meat processing. 
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Antibiotics 
 

May induce the evolution of more resistant microorganisms 
→ medical problems.  
 

Nisin 
Not used in human medicine. 
Supports sterilization of cheeses and evaporated milk. 
 

Natamycin 
Cheese surface treatment  
Against mould growth during the ripening of raw sausages.  
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Acids 
 

- Taste effect: sour (undissociated H+ ions). 
- Antimicrobial activity 
 

Citric acid 
The most often used acid (salts) the industry (~ 60%). 
- Aroma improvement (e. g. in dairy products, fruit juice).  
- Suppression of browning (fruits and vegetables). 
- Synergetic compound in the presence of antioxidants.  
 

Phosphoric acid 
The second-most used acid (~ 25% ).  
- Primary field of use: in soft drinks (cola).  
- Others: processed cheese, fruit jellies, baking powder (acid salts release 
CO2 from NaHCO3).  
- In fermentation: part of buffering agent, pH-adjusting component. 
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Other acids account for only 15% of all the acids used in the food industry.  
 

Lactic acid 
Forms dimer lactide - acid generator. 
- pH adjustment → enhancement of whippability of egg white.  
- Additive (calcium lactate) in milk powders. 
- To hinder discoloration (fruit and vegetable based foods). 
- Flavour improvement of beverages. 
 

Gluconic acid  
Slow acidification (e. g. in raw sausage ripening, sour milk production). 
Glucono-δ-lactone – slow hydrolysing. 
 

Tartaric acid 
Acidification (a “rough”, “hard” sour taste) in drinks (wine, fruit juice) 
Susceptible to form metal complexes – acts as a synergist for antioxidants. 
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Malic acid 
- Anti-spattering agents in frying oils (in the form of fatty alcohol 
monoesters). 
- In canned fruits and vegetables (e. g. tomato).  
 

Fumaric acid 
- Used for pH reduction (with benzoic acid).  
- Promotes gel setting. 
 

Adipic acid 
- Consistency improver in cheese. 
- Supports the gelling properties of jellies and marmalades. 
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Bases 
 

Used in the development of light or dark brown surface of some bakery 
products (dough pieces are dipped in 1–3% NaOH solution prior to baking). 
 
Lipid oxidation retardants 
 

Lipid oxidation 
→ decomposition of fats/oils and other important constituents (vitamins, 
aromas, colorants…).  
→ formation of unvanted degradation products (e. g. off-flavours).  
 
Sequestrants (chelating agents) 
 

Metal ions → catalyze the oxidative deterioration processes (initiation). 
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Chelating agents bind metal ions:  
→ Food colour, aroma and texture are preserved. 
→ Oxidation of ascorbic acid and fat-soluble vitamins are prevented. 
Many of them is found in food itself (e. g., oxalic, succinic; lactic, malic, 
tartaric, citric acid; polyphosphoric acids, amino acids, peptides, proteins, 
porphyrins). 
 
Antioxidants 
 

Most often they have a phenolic structure. 
The use of mixed sequestrants/antioxidants preparations is often 
advantageous. 
 

- Natural: tocopherols, ascorbic acid esters,  
- Synthetic: gallic acid esters, tert-butylhydroxyanisole (BHA), 
 di-tert-butylhydroxytoluene (BHT). 
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Flavour enhancers 
They possess aroma enhancement effect in the matrix of food, without 
being aroma active themselves in the applied concentrations. 
 
Monosodium glutamate (MSG) 
 

The fifth quality of taste: umami. (MSG containing algae has been used in 
Japan in order to improve the aroma of soup.)  
 

Enhances the sensory perception of meat-like aroma notes. 
 

Promote the assessment of these flavours that were partially deteriorated 
during the production of canned, dehydrated or frozen meat or fish 
products.  
 

“Chinese restaurant syndrome”: temporary disorders (headache, stomach 
ache drowsiness). Only at hypersensitive persons!  
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5-Nucleotides 
GMP: 5-guanosine monophosphate disodium salt. 
IMP:  5-inosine monophosphate disodium salt. 
In a certain concentration range possess aroma enhancing properties for 
several foods (e. g. soups, canned meat, sauces) 
MSG and IMP – synergistic effect. 
 

Sweeteners 
 

Tools of calorie-reduced nutrition (fighting against obesity). 
Requirements: 
- Health safety 
- Clean taste (no side or post-flavour effects) 
- Adequate solubility  
- Stability (wide pH, temperature range). 
- Affordable price 
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Relative sweetening strength of „x” substance: 
 

The quotient of the concentrations of the two isosweet solutions. 
 
 
 
c: concentration  
s: standard substance (saccharose) 
 
Cyclamate 
 

Worldwide used sweetener.  
Cyclohexane sulfamic acid Na- or Ca-salt.  
- Lower taste intensity than that of saccharin. 
- The character of its sweet taste is not as pleasant as that of saccharin. 
- It bears no bitter after-taste. 

x

s
s c

c)c(f =
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Saccharin 
 

Na-, Ca- salt: good solubilization in water –  lower sweetening strength. 
Metallic to bitter after-taste at higher concentrations 
Synthesis: from toluene. 
 
Aspartame (“NutraSweet”) 
 

Widespread sweetener. 
L-aspartyl-L-phenylalanine methyl ester.  
Concentration dependent sweetening strength (relative to saccharose). 
fsac= 100…340  (From low to high concentration.) 
 

Stability problems can occur:  
- at heating,  
- at longer period of storage. 
No problem in use at drinks that are consumed immediately (tea, coffee). 
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Superaspartame 
 

N-terminal substitution of aspartame 
with a (p-cyanophenyl)carbamoyl residue. 
„Super”: 102 -fold sweeter than aspartame. 
fsac= 14000 
 
Alitame 
 

N-3-(2,2,4,4-tetramethyl)- thietanylamide of L-
Asp-D-Ala 
fsac= 2000 

- L-Asp and D-Ala containing dipeptides are sweet. 
- The stability of alitame type dipeptide amides is significantly higher than 
that of aspartame type dipeptide esters. 
→ Wider application spectrum: bread and confectionery industry. 
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Oxathiazinone dioxides 
 
 
 
 
 
Acceptable daily intake (ADI) = 0–9 mg/kg BW for K-salt. 
Its taste appears quickly. 
Great advantage: very stabile  
- during the usually applied processes,  
- throughout the storage of products. 
 
Widespread sweetener. 
 

R1 = H 
R2 = Me 
acesulfame 
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Sweet proteins 
 

Monellin 
- Origin: pulp of Dioscoreophyllum cumminsii fruit. 
- Two not covalently bound peptide chains. 
Only the solution of protein with the original native conformation shows 
sweet taste-note. 
Separation of peptide chains → the sweet character disappears. 
Regeneration of inter-chain bonds → the intensity of sweetness remains 
lower. 
Low stability → It is not suitable as a commercial sweetener. 
 

Thaumatins 
- A group of protein originated from the fruit of Thaumatococcus daniellii.  
- Nontoxic. Applied in milk products and chewing gum. 
- Synergistic effects when applied in combination with saccharin and 
acesulfame. 
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Curculin 
 

It can be obtained from the fruit of Curculigo latifolia. 
 

The sweet taste disappears after a few seconds. 
It returns after rinsing with water. 
→ twovalent cations of saliva (Ca2+, Mg2+) blocks the perception  of sweet 
taste (?) 
 

Dihydrochalcones 
 

Some of them possess sweet-taste generating properties. 
Specificity of their taste-note: relative clear sweet with slow perception but 
it persists for some time.  
 
β-neohesperidin dihydrochalcone. 
Used in candies, beverages and chewing gums. 
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EMULSIONS 
 
Dispersions (emulsions, suspensions, foams, aerosols). 
Consist of two phases: 
- One of them is dispersed, 
- the other is the continuous outer phase. 
The production and stabilization of dispersions are of particular importance 
in food processing. 
 

Types of emulsions: 
- o/w  e. g. milk 
- w/o e. g. mayonnaise 
 

Emulsifyers: surface active agents (tensides). 
- Located on the interface and decrease the surface tension.  
- Stabilize the integrity of droplets in emulsion. 
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Ionic tensides for o/w 
 

The polar part of the surface active agent 
consists of charged particles + counter ions 
→electrostatic double layer  
→repulsion 
→prevention of the aggregation of droplets 

Neutral tensides for w/o 
 

The polar part is nonionic and anchores 
the tenside molecule on the outer surface 
of the water droplets. 
The alkyl residues form a lipophyl bilayer. 
 

alkyl residue 
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The surface tension reducing capacity of  tensides is proportional to 
concentration, until the critical micelle concentration (CMC) is reached. 
Above CMC the surplus of the tenside molecules do not emulsify the two-
phase system, instead of forms spherical micelles. 
 

CMC depends on: 
- the type of the emulsifier, 
- temperature, 
- pH, 
- salt concentration. 
 
Hydrophilic-lipophilic balance (HLB value): in order to characterize the 
ratio of the strength of the hydrophilic and lipophilic groups. 
The higher the HLB value, the more emphasized the hydrophilic feature → 
application area shifts from w/o to o/w. 
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Hydrophilic group NH 

            , Na+ 38.7 
            , Na+ 37.4 
−COO−, Na+ 37.4 
−COO−, K+ 19.1 
Sorbitan ring 6.8 
Ester 2.4 
−COOH 2.1 
−OH (free) 1.9 
−O−  1.3 
−(CH2−CH2-O)− 0.33 

Lipophilic group NL 
             
    −CH−  

 0.475 

−CH2− 0.475 
−CH3 0.475 
=CH − 0.475 
−CH−CH2−O− 
      
   CH3 

0.15 
 

Benzene ring 1.662 
 

Group number NH and NL for HLB calculation 

HLB = Σ(hydrophilic group number) − Σ(hydrophobic group number) + 7 

−− 3OSO
−− 3OSO
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Surface-active agents  
 

Monoglycerides, diacylglycerides and derivatives 
 

- The most important groups of synthetic emulsifiers.  
 

- Modification for special activities: esterification of mono- and 
diglycerides with  

- acetic acid → acetem 
- citric acid → citrem  
- lactic acid → lactem 

 - monoacetyl- and diacetyltartaric acid → datem  
(Volume increaser in biscuits; the baking result notably depends on the C-
number of acyl residue of monoglyceride.) 
 

- Mostly the mixtures of these products are used. 
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Stearyl-2-lactylate 
                                    CH3           CH3 
                                                                                                 
  CH3-(CH2)16-CO-O-CH-CO-O-CH-COO– 
 

- Free acid: tenside for w/o emulsions. 
 

- Na or Ca salt of stearyl lactylates (HLB = 6…9): stabilization of o/w 
emulsions when it is freezed and thawed. 
 
Sorbitan esters of fatty acid 
 

- Sorbitan – a sorbitol derivative. 
 

- For the stabilization of w/o emulsions.  
 

- Sorbitan tristearate is used to avoid the formation of mouldy looking 
white coating on the surface of chocolate (i. e. fat bloom).  
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Polyoxyethylene sorbitan esters  
 
 
 
 
More polar side chains (polyoxyethylene groups)  
→ the hydrophil character is enhanced.  
 

Monoesters are used to stabilize o/w emulsions. 
 

Sugar esters 
 

C14-C18 fatty acids are esterified with lactose and sucrose (mono- and 
diesters).  
 

HLB = 7…13 → stabilization of o/w emulsions. 
To be in use at powdered and dehydrated instant foods. 
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Humectants 
 

Food additives with hygroscopic properties. 
 

Mostly diols and polyols (e. g. mannitol, sorbitol, glycerol, 1,2-propanediol). 
 

Their actions in confectionery product:  
- Maintaining softness. 
- Preventing crystallization. 
- Enhance the rehydration properties of dried fruit/vegetable products. 
 

Polysaccharides as food additives 
- Facilitation of gel formation. 
- Thickening agents (due to viscosity enhancement).  
- Stabilizers. 
- Crystallization inhibitors (e. g. in confections, ice creams).  
- Aroma encapsulation (in dehydrated food). 



32 

Fat replacers 
 

Increasing importance of fighting against obesity (in industrial developed 
countries) - it may have an adverse effect on health. 
An important tool: decrease the total energy intake with food. 
Decrease the ratio of energy originated from fats. 
 

Fat is not only an energy source: it has several other functions in food. 
Fat replacers cannot fulfill all of these requirements. 
 
Natural fat mimetics 
 

1. Polisaccharydes that are nondigestible in the small intestine (fibre). 
Some energy is derived from these compounds due to the microbial 
fermentation of large intestine (8.4 kJ/g). Fat: 38 kJ/g. 
Formation of short-chain fatty acids (2:0, 3:0, 4:0) → absorption.  
- Bran (wheat, barley, oat, soybean); fibres (apple, pea).  
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- Resistant starches: retrograded starch, fruits (banana). 
- Cellulose (modified, e. g. carboxymethyl cellulose) 
- Fructosanes 
- Pectin  
- Modified starch  
- Maltodextrins (from corn starch) 
Solution with hot water → cooling → the consistency of the formed gel is 
very similar to that of edible oil. 
 

2. Microparticulated proteins 
 

The particle size is very important with respect to the mouth feeling of 
proteins:   > 8 μm  – sandy 
    3–8 μm – powdery  
    0.1–3 μm – creamy („melt-in-the-mouth feeling”) 
    < 0.1 – watery  
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The appropriate size-distribution should be accomplished: 
 

Microparticulation. 
 
Raw materials: ovalbumin, casein, whey protein. 
 

1. The concentrates of protein are exposed to varying pressures and 
temperatures. 
 

2. Milling with high shear forces. 
 

3. Rapid cooling (1–4 °C). 
 

3 g fat can be substituted with 1 g ground protein + 2 g water. 
38 kJ×3 = 114 kJ         17kJ 
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Synthetic fat substitutes 
 

Substitution of parts of the glicerides: 
- Other alcohols instead of glycerol.  
- Implementation of unusual (long-chain or branched) carboxylic acids. 
- Ether-bond-compounds. 
 

1. Fatty acid esters of mono-, oligo- and polysaccharides (often sucrose). 
The esterification degree of these carbohydrate polyesters should be high 
otherwise ester bonds are hydrolyzed in the intestine. 
Thermally stable,  tasteless substituents. 
 

2. Polybasic acids are esterified with long carbon chain alcohols.  
Retrofats: instead of the alcohol part, the acid has got more functional 
group, e. g., malonic acid, citric acid. 
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