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FUNCTIONAL FOODS AND 
THE IMUNE SYSTEM

In the last decade, preventive 
medicine has undergone a great  
advance, especially in developed coun-
tries. Research has demonstrated that 
nutrition plays a crucial role in the pre-
vention of chronic diseases, as most of 
them can be related to diet. Functional 
food enters the concept of considering 
food not only necessary for living but also 
as a source of mental and physical well-
being, contributing to the prevention 
and reduction of risk factors for several 
diseases or enhancing certain physio- 
logical functions. In reference to the im-
mune system, many studies have pointed 
out that not only pre- and probiotics, but 
also single micronutrients incorporated 
into functional foods contribute to an 
enhancement of immunocompetence. 
In fact, one of the authorized claims con-
sists of pointing out the immunomodu-
lator properties of functional foods. In 
this article, the effect of some functional 
foods and ingredients such as probio- 
tics, selenium and dietary antioxidants 
(vitamins A, E and C) on the immune 
function are reviewed. However, the 
optimum intake level and recommended 
amounts of functional foods have not 
yet been established. Thus, in order to 
remove the controversy surrounding 
functional food, further research stud-
ies are necessary, both in experimental 
animals and in humans. Finally: efforts 
should be directed towards the ultimate 
goal, that is, a ‘functional diet’.

INTrODUCTION

The term ‘functional food’ was 
born in Japan. The Japanese were the 
first to observe that food could have 
a role beyond gastronomic pleasure 
and energy and nutrient supply to 
the human organism. Following this 
pioneering, Japan is the country where 
most functional foods are on the market  
and the first country to legislate these 
products in the FOSHU (Foods of 

Specified Health Use) legislation. Only 
the products which meet certain require-
ments (Table 1) can have the FOSHU 
stamp. Europe and the American coun-
tries incorporated later the concept of 
an added value of food.

Table 1 - The Japanese ‘FOshU’ criTeria 
FOr FUncTiOnal FOOd

1. They are food (not capsules, pills or pow-
der) on the basis of naturally occurring food 
components.
2. They can and should be consumed as part 
of a normal daily diet.
3. They have a defined function on the human 
organism:
•	 to improve immune function
•	 to prevent specific diseases
•	 to support recovery from specific diseases
•	 to control physical and psychic complaints
•	 to slow down the ageing process

There is no consensus between Eu-
rope and the USA regarding a concrete 
definition, leading to a series of differ-
ent terms: nutraceutical, designer food, 
pharmafood, etc., which has contributed 
to increasing the confusion among pro-
fessionals and consumers. Whereas 
the USA prefer the term nutraceuti-
cal, European experts decided in the 
FUFOSE (Functional Food Science in 
Europe) project, under the auspices of 
the European Union and ILSI Europe.

Table 2 - FUncTiOnal FOOd in eUrOpe; 
The FUFOse deFiniTiOn (inTernaTiOnal 
liFe sciences insTiTUTe eUrOpe, 1999)

Functional foods are:
•	 conventional or everyday food consumed 

as part of the normal diet. 
•	 composed of naturally occurring compo-

nents, sometimes in increase concentration 
or present in foods that would not normally 
supply them

•	 scientifically demonstrated to promote 
positive effects on target functions beyond 
basic nutrition

•	 thought to provide enhancement of the 
state of well-being and health in order to 
improve the quality of life and/or reduce the 
risk of disease

•	 advertised by authorized claims

It is important to highlight that func-
tional food must be a food, not a drug. 

Beneficial effects should be obtained by 
consuming normal amounts of a func-
tional food within the ‘normal’ diet. As 
it has been recently stated, the ultimate 
goal of the scientific community and food 
industry should be to develop functio- 
nal foods for improving life quality (Da-
none Vitapole, 2000).

Therefore, as Western civilization 
is facing up to a progressive increase 
in immune-mediated and gut-related 
health problems, such as autoimmune 
and inflammatory diseases, it seems 
adequate to analyze the effects of func-
tional foods on the immune system.

WHAT ArE FUNCTIONAL 
FOODS?

Basically, functional foods are used 
to enhance certain physiological func-
tions, in order to prevent or even to cure 
diseases (Roberfroid, 2000). Although 
natural foods, such as strawberries 
or onions, have been defended as in-
cluded as functional foods, only those 
foods which are submitted to certain 
methodology are considered functional 
foods. Thus, several methods to obtain 
functional foods include the addition or 
removal of a component, modification of 
the food processing, genetic engineering, 
etc, which is allowing the food industry 
to develop new products with addi- 
tional value for the market. So far, the 
most important components that can be 
added to food are:  

• Probiotics - living micro-orga- 
nisms which when ingested in certain 
amounts, have a positive impact on host 
health, which goes beyond conventional 
nutritional effects (Isolauri, 2001). The 
bacteria most often used as probiotics 
are Lactobacilli and Bifidobacteria. They 
can be given with fermented foods such 
as yoghurt, fermented vegetables or 
meats and they may briefly establish 
in the gut.

• Prebiotics - ingredients or com-
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the intake of a high vitamin E diet. In 
addition, vitamin E plays a role in the 
differentiation of immature T cells in 
the thymus.

Vitamin C. Recent scientific data 
indicate that important functions of 
the body, such as several indexes of 
immune response, including responses 
on delayed-type-hypersensitivity skin 
tests, antibody production, lympho-
cyte proliferation, and numbers of the 
specific subgroups of white blood cells 
(Grimble, 1997), pulmonary function and 
iron absorption are related to vitamin 
C intakes. In addition, epidemiological 
studies support the hypothesis that 
vitamin C plays a critical and beneficial 
role in the prevention of coronary heart 
disease (CHD), cancer and cataract. 
It has been reported that an intake of 

at least 150 - 200mg per day of vita-
min C is capable of enhancing these  
functions (Weber et al, 1996).

Otherwise, ascorbic acid (a power- 
ful antioxidant) has been shown to exert 
anti-inflammatory effects in human and 
animal studies. Dietary supplementation 
with ascorbic acid enhances a number of 
aspects of lymphocyte function, and this 
effect is most apparent in the elderly.

On the other hand, the role of oral 
vitamin C in the prevention and treat-
ment of colds is controversial, and 
there appears to be a modest benefit 
in reducing duration of cold symptoms 
from ingestion of relatively high doses of 
vitamin C. The dose - therapeutic benefit 
relationship needs further exploration 
(Douglas et al, 2000).

FINAL STATEMENT: A 
FUNCTIONAL DIET

Development of functional foods in 
Europe is a crucial aspect and at the 
same time a scientific challenge that 
must progress based on reliable sci-
entific evidence which studies the pos-
sible modulation that food components 
exert over the physiological functions 
that have been outlined throughout 
this article. However, functional foods 
are not universal; it is necessary to con-
sider local aspects when talking about 

food consumption. As it is assumed 
for ‘normal’ food, functional foods 
must be integrated into cultural and 
habitual dietary patterns. Neverthe-
less, we must be careful, because the 
over-intake of functional foods could 
lead to a new nutritional imbalance. 
The most convenient message should 
be oriented towards a functional diet, 
high in functional food components, 
with functional foods as an additional 
health benefit. It is important to estab-
lish the dynamic interactions between 
components of the total diet and of 
the functional foods. Therefore, and 
in order to find out the actual effects, 
to check the precise bioavailability of 
those nutrients included in functional 
foods and to establish who can get 
benefits from functional food consump-
tion and how, it is necessary to identify 
biological markers, as well as genetic 
and environmental factors.
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Table 4 - healTh-relaTed  
eFFecTs OF prObiOTics

Alleviation of symptoms of lactose intolerance

Immune enhancement (immunomodulation):
alleviation of intestinal inflammation
normalisation of gut mucosal dysfunction
down-regulation of hypersensitivity reactions

Shortening the duration of rotavirus diarrhoea

Decreasing faecal mutagenicity

Decreasing faecal bacterial enzyme activity

Prevention of recurrence of superficial 
bladder cancer
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pounds that have a beneficial effect on 
the microflora in the host itself, such 
as fiber, fructooligosaccharides, inulin, 
lactulose, sugar alcohols. They are 
short-chain carbohydrates that may 
be fermented in the large bowel and 
stimulate the growth

of potentially beneficial bifidobacte- 
ria (Englyst & Hudson, 2000).

• Synbiotics - a mixture of prebio- 
tics and probiotics.

• Nutrients - minerals, vitamins, 
fatty acids or dietary fiber, for exam- 
ple, that are specific and have a very 
targeted action.

HEALTH EFFECTS OF 
FUNCTIONAL FOODS

A number of health-related effects has 
been documented for functional foods and 
they are listed in Tables 3 and 4. 

Regular consumption of functional 
foods should reduce the risk for seve- 
ral chronic diseases, such as cardiovas-
cular disease, cancer, diabetes, hyper-
tension and osteoporosis. The aim of 
the present article is not to go deeper 

into these aspects, but to review some 
concepts that have been discussed in the 
literature, which are very controversial 
(Hornstra et al, 1998; López-Varela et 
al, 2000).

MICrONUTrIENTS

Many studies have pointed out 
that micronutrients such as selenium, 
vitamins A, C and E can influence sev-
eral components of the immune system 
(Erickson et al, 2000). Many of these 
micronutrients are included in functional 
foods actually on the market (breakfast 
cereals, juices, dairy products, etc) 
because of their important role in the 
prevention of disease and promotion of 
health (Table 3).

Vitamin A. Vitamin A deficiency 
can affect the function of different 
cells of the immune system. Diffe- 
rent studies have reported defects in 
phagocytic activity (defect in chemo-
taxis, adhesion and the ability to gene- 
rate reactive oxygen metabolites in 
neutrophils) and impairment of T and 

B cell function. In addition, vitamin A-
deficiency reduced natural killer activity, 
lower production of interferon, less ef-
fective fixed fat macrophage activity, and 
lower lymphocyte response to stimula-
tion by mitogens (Ross, 1992) have also 
been reported. In general, improvement 
of immune function and increased resis-
tance to infection is observed in vitamin 
A-deficient hosts after supplementation 
(Meydani et al, 2001).

Vitamin E. Vitamin E is a potent 
antioxidant and has an ability to modu-
late host immune functions. In addition, 
vitamin E is an important nutrient 
for maintaining the immune system, 
especially in the elderly (Moriguchi & 
Muraga, 2000). In vitamin E deficiency 
most of the immune parameters show 
a downward trend, which is associated 
with increased infectious diseases and 
tumors. In contrast, vitamin E supple-
mentation has various beneficial effects 
on the host immune system. The de-
crease in cellular immunity with ageing 
or during the development of degenera-
tive diseases is markedly improved by 

Table 3 - sOme nUTrienTs and FOOd cOmpOnenTs wiTh FUncTiOnal prOperTies

Properties Related diseases

Dietary fibre 

Regulation of bacterial balance  
Improvement of intestinal transit  
Dilution of carcinogenic agents  
Increase of bile salt excretion  
Reduction of plasma cholesterol  
Regulation of blood glucose levels 

Colorectal cancer  
Constipation=diverticulosis  
Hypercholesterolaemia  
Diabetes  
Obesity

Antioxidants 
vitamins A, E and C  
xantophylls  
flavonoids

Elimination of free radicals (protection against cellular 
oxidative damage)  
Inhibition of lipid peroxidation

Cardiovascular diseases  
Cancer

Lactic bacteria
Improvement of lactose digestibility  
Increase in calcium absorption  
Stimulation of the immune system

Lactose intolerance  
Constipation=diarrhoea  
Gastro-enteritis  
Cancer

o-3 fatty acids 
Reduction of triglycerides and LDL-cholesterol levels  
Reduction of platelet aggregation  
Stimulation of the immune system

Cardiovascular disease

Micronutrients: Se, Fe, Cu, Zn, Mn, Ca, Fe, Folate Enzyme cofactors  
Stimulation of the immune system

Cardiovascular diseases  
Cancer  
Osteoporosis  
Anaemia  
Neural tube defects

Amino acids  
tryptophan  
tiramine  
glutamine  
arginine  
cysteine 

Hypnotic and sedating effect  
Memory improvement  
Recuperation of mental fatigue  
Stimulation of immune system  
Slowdown of the ageing process

Sleep regulation 
Stress

Caffeine Stimulation of the central nervous system

Fani
Note
such as vitamins (tirar selenium)


