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Report of the Scientific Committee
for Food on infant formuiae
claimed to be
“hypoallergenic” or “hypoantigenic”

{Opinion expressed on 9 December 19491)

Terms of Reflerence

To advise an the minimuem reguirements of infant formulae based on protein hydrolysates
presented as “hypoailergenic” or “hypoantigenic” prodnets,

Iniroduction

Over the last years, the Committee adopted rwo reports on the minimum reguirements of
infant formolae and follow-up formulac based on cows' milk proteins 1 and soya
proteins 2. These reporis have been supplemented by two addenda listing the numitional
substances which may be used in the preparation of these products 34,

Products based on high degree prowein hydrolysates from different sources (primarily
casein and/or lactoserum proteins) have been available for more than 40 years, They
were and still are used mainly to teat various digestive disorders resulung from extemnal
pancreatic insufficiency, short bowel syndrome, enteropathies of vanouws cticlogies and
proven allergy 1o cows’ milk proteins, These products, which obviously belong o the
category of "diewnc food for special medical use”, are penerally subjected to other
modifications, espectally in repard to their carbohydrale and fat content, in order to
increase their efficacy in the treatment of pastointestinal disorders and to prevent
malnutrition 3-10,

Besides these classical semi-clemental dicts for therapeutic use, new products based on
hydrolysed proteins, preseated as “hypoallergenic” or “hypeantigenic” formulae have
been on the market since 1987 11-13. According to manufacturers, at present, they are
sold in at least five EC member states, the USA and Canada 14, They comrespand 0 a
more or less high degree hydrolysaie. Due 10 the technolopical procedures nsed, these
formulae have an at leasi 100 fold reduction of the major antigenic content compared with
standard adaped milk formulae, This report deals with the above memioned products
and the conditions warrannng (he claims “hypoallergenic” or “hypoantipenic™,
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Definitions

4.

The deftnitions and conversion factors used in the reports cied above 1.2 and in the first
Report of the Scientific Commines for Food on the essential requirements for weamng
foods 13 also apply in this report.

On the other hand, in order 10 avold confusions as regards semantics, the following
definitions have been adopied for this repori:

Antigen: A sebstance that can induce an immune response.
Allergen: An antigen capable of inducing an allergic response,
Allergy: Pathological clinical reaction after exposure to an allergen in persons

already sensitized by a previous contact, imespective of the underlying
immunological mechanism.

Atopy: Constitunonal anomaly consisting of & hyperreactivity 1o environmental
substances, connecred with an aliered IgE regulation,

Anaphylaxis: Immeadiate hypersenstnvity teactions (Type [ of {ell and Coombs
classificanon) involving the interaction of an antipen with [gE.

Tolerance; Desirable clinical {and immunological) hypo-responsiveness after a
food, bacterial or viral antigen are repeatedly administered via the oral
route.

Food Undesirable reaction 10 & cerlain food or a specific ingredient of

intolerance:  variable eticlogy (enzymatic deficiency, toxic, infectious, exc.) but
where there is no known retarionship with immunity.

Food allergy: Chnical hypersensitivity reaction involving all amms of the immune
systerm (humoral, IgE, IgG, TgA, etc.) andfor ecllutar mechanisms.

At risk infant: Infants of one or two allergic parenus andfor whose TgE level in cord
blood exeeeds 0.7 Ufml .

Documents consulied

6.

In drafting this repont, the Commitiee considered the data in the literarure, the opinions
adopted by the Committes on Nutrition of the European Society for Paediatric
Gasgoenterology and Nuirition (ESPGAN) 16, the report of the Sub-Commiliee on
Nutrition and Allergic Disease of the Amencan Academy of Pediatrics 17 and the
information provided by the Association of Dietetic Foods Industries of the EEC
{(IDACEY}, ¢specially concerning the characlenistics of products now on the market, the
results of curremt experiences and condinons which allow the claim of
“hypoallergeniciry”.

General Considerations

T.

Al dietary proteins, and especially cows’ milk proteins, can cause varipus ¢linicatl
disorders affecting virtually all organ sysiems, These can develop in the digestive Tact in
acute or chronic forms, in the respiratory system {asthma, spasmodic rhinitis), in the
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skin furdcaria, atopic ecrema, contact dermattis) and include anaphylacne shocks, all of
which are recognized allergic symptoms 1819,

Allergy 15 one of the most significant morbidity factors in indusmiulized countries,
affecting 20 to 35 % of the population 2021, The prevalence of food allergy itself varies
according 1o statistics between (L3 1o almaost 30 %5, However, these exmeme values are
not realistic 42 and it is more reasonable to consider the prevalence of milk allergy as
being around 2 to 7 % 23-23,

The nsk of developing atopic disorders is approximatcly two times greater for infants
where one parent or one brother or sister suffers from an allergy, compared with the
normal population, and this risk is three times higher if both parents have allergic
diseases 20, Maoreover, the risk of developing an atopic disease is much higher in infants
in which the total IpE leved in the cord blood is above 0.7 kU/L, compared with children
in which the TgE level is below this value (32 % versus 13 %), The 1gE level in cord
blood is most frequently clevated in newborns with a family history of allergy 2026,
Moreover, the risk of developing atopic disorders is around 3 in 4 (75%) for infants with
an allergic family history and an elevated cord bleod IgE level, while it is only 1 in 30 for
infants without increased 1¢E level and no family history of allergy 27, It is imporntant to
consider that around 3 % of infants are born to two atopic parents and that almost 10 %
of newbomns have an elevated IgE level at birth 2%, And finally, despite conmasting
opinions 22, it seems 1o be established that the frr’.'vr;p.u:rh::grr of centain atopic disorders,
gspecially asthma and allergic rhinitis, are tncreasing in industialized countries 3031,
though, at the same time, it has not been shown that the frequency of other allergic food
disorders is also increasing 19,

Cral ingesuon of dietary proteins normalty induces a condition of clinical tolerance.
Withot this fundarm:ntal phenomenon ail feeding woild quickly become impaossible.
This “non-response™ when a food anllgen is repeatedly administered must be
distinguished from an acove immunization process, in which cellular reactons take place
and specific antibodies are pmduf:e.d in the presence of anngens and which, in a way, 18
the “normal™ response of the organism to any anigenic attack. The characteristics of this
tolerance acquisition process have been primanly studied i mice 32.33. The type of
reaction is related to the ime of first anttgen encounter. The early admiaistration of
ovaibumin to young mice induced sensitization, which wasi not ohserved when the same
guantity of ovalbumin was given later. However, the chronic exposure to antigens after
initial immunizadon modulates the immune response. Repeated doses seem 1w be more
effective than a single ingeston for suppressing the hypersensitivily reaction, Repeated
antigen feeds given to sensitized anrimals can induce 3 "secondary tolerance” 33 Of
course, it is difficult to cxtrapoiate from baby mice 1o infants duc to the differcnces in
their dipestive and immune-related developments. Nevertheless, it is conceivable that the
digeslive and immuenclogical immaturity of newboms, as in baby mice, favors the
stimulation of T-helper cells, so preventing the induction of tolerance by T-suppressor
cells 333, Within the framewark of this hypathesis, it might be beneficial not w feed
very young infants the highly antigentc proteins {e.g. cows” milk proteins) 33,

Generally speaking, it is accepied that during the first weeks of life, infants arc at a
greater risk of developing food allerpy and the early exposure to cows’ milk increases
this risk, not only with repard to allerpic reactions to cows' milk proweins but also the
development of allergy to other foods 3¢, In a prospective study, it was shown that
almost all of the infanis diagnosed as having an allergy to cows’ mitk in the first year had
recerved a cows' milk formmula before the first momh of life, and more than half before
the ape of one week 37, Allergy 10 cows' milk prowins is observed rarely in infants who
have been exclusively breasr-fed during more than the firsi three months of life. A
remrospective study of infanis who developed an allerpy 10 cows’ milk revealed that
although they were breast-fed up 1o the first three months, they had in fact received a
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quantity of cows' milk equivalent to 0.4 - 3 g of B-lactoglobulin dunng the first days
after birth 25 However this information 18 contrasted by results of another randomized
prospective study, io which the introduction of cows'milk proteins to infants during the
first days after birth followed by breast-feeding, sigmficantly reduced the incidence of
allergic distases at 18 months, compared with those not given ¢ows’ milk during the first
days after birth, However, this difference was only observed when families at high risk,
with rwo first degree relatives with atopy 5 were considered. The latter results are even
more surprising considering that, in this connectian, it is undoubtedly more daogerous 10
pive cows' milk to newbomns occasionally than regalarly 25,

The theory that prolonged breast-feeding protects infanis from the nsk of subsegquently
developing asthma, eczema or other atopic diseases has long been controversial 1833.40,
Ever since 2 constantly cited study was published in 1936 41 which showed that, in a
population of 20,000 infants, breast-feeding reduced the incidence of eczema by 7 times
compared with artificial feeding, it has never been convincingly demonstrated that breas:-
feeding has a protective effect against atopy in a normal non-selected infant pomlation,
On the other hand, reselts from prevention studies in infants at risk {family history of
ailergy andior elevated cord blood IgE level} are contadictory, supporting or rejecting
the assertion that breasi-feeding and a delayed dictary diversification reduce the risk of
food allergy 40, Seme studies have even suggested an inctease in the incidence of atopic
discases in infants exclusively breast-fed 18,

However, most of these are not randomized studies, thus creating biases especially with
regard 10 recruitment of families. Mareover, they were not well controlled for a series of
confounding factors, especially the age a1 which other foods besides milk are inroduced,
exposure 10 tebacco, air pollution, presence of pet animals (dogs, cals, etc.) and other
environment-related varzables 49, In reality, mothers that breast-feed their infants over a
longer period generally diversify the diet of their infants more progressively, less
frequently request others to look after their infants and on the average smoke less than
those mothers artificially fesding their infamts. All of these factors may reduce the risk of
sensitization 4042 TJsually, these studies also have other weaknesses, especially the
collection of & posreriort data, the absence of immunological investigations {e.g. the
determination of specific IgE), inaccuracy regarding the duration of breast-feeding, the
small sampie size and the high number of dropouis 18,4043, Nevertheless, if the major
problem of these studies is the absence of random assignment 1o one group or another —
breasi-feeding or anificial feeding — it must be recopnized that, considering the
advantages of breast-feeding, random sampling can pose ethical problems and may only
be justifiable today in prematore infants. In their case, an increased risk of allergic
reactions can be balanced against the demonstrated advantages of using low birth weight
infant formulac 44,

Since the decision whether to breast-feed an infant or not must be left up to the mother, it
is essential to ensure that the groups are as comparable as possible regarding the
identificd confounding variables such as family history of allergy and the infanis' [gE
level at birth 43, [n studies where these precautions have been taken, exclusive breast-
feeding during the first 4 - 6 months after birth and delayed inroduction of other food
significantly reduced the inctdence of atopic diseases, especizily eczema, and of the
gastro-intestinal symptoms attributed to cows’ milk wp 10 the age of 12 to 36 months in
infants at risk 26.44.45.47

The protective effect of breast-feeding against eczema may be even more powerful if
mothers exclude substances considered “allergenic” from ther diet, especially milk
products, eggs, peanuts and soya. o familiss at osk, a randomized trial revealed that at
the age of 18 months, eczema was two wmes less frequent and less severe in breast-fed
habies whose mothers followed an exclusion diet than in those whose mothers did not



Infanl formulae ¢haimed 1o be "hypoallergenic” or “hypeantigenic™: 9-12-15%1 3

16,

17.

18.

9.

modify their diet during the nursing pericd 45, In another randomized study, the sirict
exclusion of milk, eggs and peanuts from the mother's dict during the Jast three maonths
of pregnancy and during breast-feeding, the use of a casein hydrolysate 1o supplement
breast-feeding or to replace it, if necessary, for up 10 & months of age and the exclusion
of a number of commaon food products up o the age of 2 years, helped to significantly
reduce the incidence of food allergic diseases such as atopic dermatitis, urticaria and
gastro-intestinal disorders. On the other hand, the prevalence of allergic rhinitis and
asthma was not modified by this dietetic manipulation 48, However, no such favourable
results were observed in other studies 4%,

The effects of excluding food antigens from the mother's diet could be explained by the
reduced passage of dietary substances into breast milk, such as [}-lactoglebulin, bovine
TG, ovalbumin and wheat gliadin 255054 Various allergic disorders, including
anaphylactic shock, have been observed in breast-fed infants where the mother
consumed one of these anbigens 33, A correlation has been established between infanule
colics and the comsumption of cows’ milk proteins by mothers 36, However, many
breasi-fed infants sufferinp from eczema do not respend to maternal dietary
manipulations 57 and a “hypoallergenic™ diet for pregnant ur breast-feeding females 1s not
without risks if 7t is not accompanied by dietetic advice and appropriate monitoring 8,

Infant formulae based on soya proteins are suitable altermatives for cows” milk formulae
in infants suffering from lactose intolerance or from palaciosaemia. These formulae are
also sometimes chosen by consumers who, for various reasens, do not wish to give thew
children producis based on animal proteins 2. On the other hand, they are often used in
cases where there is suspicion or evidence of an allergy to cows’ milk protein and for
newborns and infanis of families at Osk, especially in the United States of America,
where they represent almost 25 % of the infant-formula market 23%.6% However, there
art very well documented reports of severe gastro-intestinal reactions in the form of
vomitng, diarhoea, weight loss, villous amrophy and even characteristic allergic
symptoms as a reselt of feeding soya proteins. Moreover, intolerance assaciated with
milk or soyz proteins, or successive intolerance 1o these proteins, has been reported,
especially when soya formulae have been prescribed for patients with acute
gasroenteritis 26061, [n some studies, almost ane third of the infants allergic to cows’
milk also reacied 10 soya 1%.62.63 and, irespective of the antigenic properties of soya,
soya formulae are not considered any less allergenic than milk formulae &4, The
American Academy of Pediatics has acwally recommended that soya formulae should
not be used 10 treat clinical allergic reactions to cows™ milk proteins and/or 1o soya
proteins 5% and, in line with the recommendations of ESPGAN %3, the Commiltee
believes that less antigenic formulae {e.g. protein hydro!ysatesy should therefore be used
in preference to soya formulae for infants who are allergic or who show signs of
intolerance 1o dietary proteins 2.

The possibility of preventing symptoms of zallergy in families a1 risk and in the
population at Jarge through the use of soya formulae has also been called into question,
Even extremely well controlled studies have not revealed any difference in the
development of an allergy that could be redated 0 whether infants were given cows’ milk
or soya formulae 43.65-89 while a protective effect of breast-feeding 43.67-67 oy casein
hydrolysate 4% has been confirmed in all of the swdies except for one 8. Therefore, no
reference should be made 1o the possible protective role of soya formulae with regard (0
allergy, which the Committge has already emphasized in a previous report 2. Moreover,
it must be noted that it is more difficull to exclude sova products than milk, from the dict
of infants and voung children because of the fack that soya is often added to products
which are not assumed o contain it such as bread, sausages, etc.

The therapeutic efficacy of semi-elemental dicts for weating proven enteropathy cases
caused by cows' milk proteins and for infanis with anaphylactic reactions o milk
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producis or other dictary proteins has already been proven 3359 Most of the studies
were carried out with high degree casein hydrolysates (Nuwamigen® and Pregestimil®,
Mead Johngon) 7-348.70, with peptide sizes not above 1200 dalions molecular weight
and which normally do not sensitize guinca pigs or induce anaphylactic reactions in them
172 gven if it has been shown that these hvdrolysates sometimes contain peptides which
are large enough 10 be immunoegenic in animals 73.74 and provoke allergic reactions in
infants hypersensitive to dietary proteins 53.74.75.38, The good tolerance and efficacy of a
lactoserum hydrolysate (Alfaré®. Nesié) have also been supported by a number of ather
publications 36910 and anaphylactic reactions 10 this hydrolysaie have only been rarely
reporied 677, The published works on other high degree hydrolysed products based on
casein (Alimentom®, Ross) 75-80, lactoserum proteins (Pepti Junim‘g, Muticia) #l or a
mixture of soya proteins and beef collagen {Pregomin®, Milupa) 10, recenddy introduced
onto the market, only involve a few cases and have often only been published in the form
of abstracts, even if some of these products are used routinely with success 1o meat
infants allergic w cows' milk.

There is no randomized study which has addressed the preventive effects of a high
degree hydrolysate with regard 1o atopy. The only recent study is ane, already ¢ited, in
which Numramigen® was used alone or as supplement to materal feeding up to the age
af 6 months, but the associated prolonged exclusion of cows' mitk and of other highly
antigenic products makes it difficult 1o determine which dietetic measure {(ie. single or
combination), is responsible for the almost 40 % reduction im the prevalence of atopy at
the age of 12 months 48,

A number of i vive and ir vitrg 1ests have been or are being carmied out by cotmpanies
(Milupa in Belgium, France and Getmany, Nuincia in the Netherlands; Nutripharm in
France} that market infant formulae presented as “hypoallergenic™ or “hypoantigenic”
based on high degree hydrolysed milk, soya or beef collagen proweins, alone or as
mixtures, like products raditionally used to oeat cases of enteropathy with sensitization
1 dietary proteins. Up to now, no study putting forward favourable or unfavourable
effects of these formulae on the prophylaxis of atopic diseases in infants at risk has been
published in an intemational, peer reviewed joural.

On the gther hand, there is a series of studies on the effects of a lactoserum protein
trypsin hydrolysale with a lower degree than that of other hypoallergenic formulae but
whose allergenicity is reduced by a complementary heat reatment £2, All of the studies
carmicd out with this product, soid in several EEC Member States under vanous Nesoé
brand names and more recently in the Uniled Srates and Canada (Good Sun®,
Camation) involved groups at risk. Hereafter in this repon, this product is referred 10 as
HA formula, for “hypoallergeme™ formula,

1t has been first shown that the early adminisiration of this HA formula during the first 5
days afier birth in high risk infants did not lead to any abnormal reactons when
reintroduced after 4 to 6 months of exclusive breast-feeding U1, while the inadverem
exposure 1o cows' milk under the same conditions induces sensitization In approximately
one third of the infants 23, Randomized and non-randomized preliminary studies have
shown that there are practically no atopic symproms at 4 months of age 12 or that atopy is
3 times lower 83 in infants fad a HA formula compared to those receiving ¢lassical infant
formulae. In the Diisseldort study (FRG), practically no difference was found at the age
of 4 months between breast-fed infanis whose mothers followed an exclusion dict and
those fed since birih with a HA formula 33, The retrospective analysis (dam
quéestionnaires) of several German studies revealed that the incidence of allergic
symptoms at the age of 11 months in exclusively breast-fed infants was similar to that of
infants exclusively fed with this HA formula during the first 5 days of lide ¥4 This was
confirmed by & non-randomized study carried out in Italy involving more than 300
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children, Here, it was reporied thal infants fed from birth with a HA formula, for whom
the diversification of the diet had been delayed 1o the age of & months and who received 2
hypoallergenic diet up 1o the age of one year, had an cumulative incidence of allergy at
the age of 1 and 2 years that was even lower than that of the breast-fed infant group,
which in turn was 3 to 4 times lower than that of infants fed with cows’ milk or soya
formulae 47. In the non-randomized Diisseldorf study, at the age of 6 months, infants fed
with a HA formula alse had an incidence of atopic symptoms which was about twice
lower than that of breast-fed infants, partially confirming the results obtained in a
reduced number of infants 35, In this study, 32 % of the infants fed cows’ milk formulae
SINCE bslé'[h developed atopic symploms compared with 6.3 % in the HA-formula-fed
group 56

Two randomized, double-blind prospective studies show the pratective effects of HA
formulae against atopy in infants at risk. In the Canadian study, 72 infants were recruited
into each of the following groups: HA formula, conventional cows’ milk formula, soya
formula or exclosive breast-feeding during more than 4 menths. While, in the HA
formula group, only 3 infants {i.e. 7.4 %} developed aiopic symptoms during the first 6
months of life, 24 (35.% %) and 25 (367 %) respectively of the infants fed cows’ milk
or sova developed such symptoms, especially cczema; the severity of the eczema was
however not affected in the group fed with a HA formula and there was no significant
difference in the severity of the other clinical symptoms in the 4 groups studied ¥7. In the
first group the favourable effect of the HA formula has been coninmmned at the ages of 1
vear and 1% months, the incidence of eczema and other allergy symptoms being 50
iower than in the groups fed cows' milk or soya, no difference was observed between
breasi-fed infants and those fed the HA formula 98, In the Brussels randomized study,
75 infants received one or two coded formulae, either a HA formula or a conventionally
adapted formula during 6 months. The incidence of allergic symptoms was significantly
reduced (p < 0.001) during this period if 2 hydrolysate was administered cOntnuously
{2/32 or 6.3 %) compared with the incidence in the group fed the adapted formula {14/35
or 40 %3, At the age of | year, 7/32 (21.8 %) of ihe infants fed the hydrolysate
developed atopic symploms against 17/35 (48.6 %) in the group conventionally fed 88,

As has already been mentioned, acute anaphylactc reactions have been reported in highly
sensitized subjects given high degree casein hydrolysates 55.74-76 or lactoserum proteins
6.77 for therapeutic purposes. Similar reactions have also been described with HA
formulae. In all of these cases, HA formulae were used for infamis suffering from acute
allergy 1o milk and/or 1o soya but who 1olerated high degree casein or lactoserum protein
hydrolysates 10.90-92, This suggests that HA formulae might induce anaphylactic
réeactions more often than high degree hydrolysates in infants suffering from
hypersensitivity to dietary proteins 19 It should be emphasized though that, according to
manufacturers 82, this type of hydrolysates is not meant to be nsed in the treatment of
these infants and that, 1© our knowledge, no acute accident has been reported when HA
formulae were uszed as first 1ine reatment.

“Hypoallergenic” infant formulae, whether high degree hydrolysates or HA formulae,
have been used in Europe for many years. Hundreds of thousands of infants have been
given them for several months and no unfavourable cffects on their growth and
development have been observed. Clinical files, preparcd withia the framework of an
application for authorization to commercialize them in those EEC Member Srtaws where
these products are sold, show that the weight and height, and head circumference of
infants fed “hypoaliergenic” formulae are comparable with those of breast-fed infants or
those fed artificially with conventional formulae 13.93.84,

Informations provided by TDACE and manufacturers indicate that the apparent
digesiihility, protein efficiency ratic (PER) and the net protein utilizavion (NPU) of
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different “hypoailergenic” or “hypoanugenic” formelae sold today are on a par with or
kigher than those of casein. The heat oeatmenis used — pasteurization, ulira-high
temperature treatment (THT) — do not differ radically from those apphied 1o standard
infant milks, and lysin blockage is not greater than 15 % in HA formulae in which the
antigenicity of lactoscrum protein hydrolysate 18 reduced by means of ulira-high
lemperature treatment, known o increase the producoon of Maillard reaction products 95,
On the other hand, whenever lysinoalanine, which can reduce the ioavailability of zinc,
has been searched for 82, no notable quantity has ever been found in HA formulae, Iis
control however is not related to the production techriques used but related to the starting
material since Jysinaalaning is (formed mainly from phosphoserine, present in casein but
not in lactaserum (whey) proteins, and the production of HA formulae does not facilitate
its formation.

There is siil] very little information in the literature on the nutritional efficacy and
metabolic tolerance of “hypozllergenic” formulae in general. All data published are
concerning HA formulae. Mo difference has been found between breast-fed infants,
infants fed with adapted lormulae and those fed with HA formulae, with repard 1o 1otal
plasma proweing, prealbumin, retingl binding protein (RBP), transferrin, creatinine,
calcium, phosphorus and 20 %4 The 1otal plasma aminp-acid concentration was found
iQ be similar in the three proups, at the age of 5 - 6 days and at the age of one month. The
distribotion of essenital and non-essendal amino-acids differs only shightly from one
gronp to anotier, for an approximate 2-fold increase in the concentration of threonine in
nfanis receiving lacioserum protein trypsin hydrolysate 93,9496, With the exception of
threonine, the plasma amino-acid profile of HA formutae is therefore very close to that of
breast-fed infants. Considering the immatuarity of threonine metabolic pathways at birth
#6, it shouid be invesagated whether this increase in plasma tevels is found at a later age.
Be that ag it may, threuning seems to be one of the less woxic essential amino-acids in rats
and no wxic effect of elevaied threonine levels in plasma hasg been observed in infanis 96.

Expenmental siudies in 14 days old unweaned rats, which are an appropriate model for
studying the absorpuion of calcium and trace elements in infants, have revealed that zing,
copper, manganese and calcium bioavalability values for HA formulae are similar w the
values obtained with breast milk and much higher than those foung {for soya formulae 97,
in which a low bioavailability can be atributed to the elevated phytate content in soya 98-
100, No difference was found between a HA formula and a casein-based high degres
protein hydrolysate %7, although the zinc bioavailability was lower with non-adapted
formulae (ratio lactalbumindcasein 20:80) than with formulae endched for lactaseram
proteins {6040}, the high degree of hydrolysis suppressing the inhibitory effect
connected with the chelaton of zinc with casein itself and with the high-molecular weight
phosphopeptides formed during its digestion #8100 On the other hand, the binding of
calcium with phosphopeptide denivatives of P-casein would favour its bioavailability by
keeping it in solution, as proven by the slightly higher calcium retenrion with a non-
adapted formulz in rhesus monkeys aged 7-8 months. In this model, no significam
difference was observed between a HA formula and a formula with a high lacioserum
protein content. The worst resulis were obtained with the soya formula and the best
results with breast milk. The absolute quantities of caleium absorbed are nevertheless
identical imespective of the formula tested, including breast milk, which suggests that the
present level of caleium and phasphorus supplements in standard or hydrolysed infam
formulae is adequate for 4 pormal skelewl mineralization 101,

Nothing indicates that the replacement of intact proteins by a hydrotysate or a mixture of
amino-acids in rats modifics rophic or morphological paramelers, the mucosa protein
content or the enzymatic activity of the brush border 142204, The surface unit absorption
of aming-acids and small peptides was reduced without knowing whether this means a
modification of the resistance of the unsurred aqueous lavers or an alteration in the
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al.

3z,

33.

4.

5.

transport system of amino-acids and peptides 184, In any case, it is likely that these
findings ate of low physiological significance. Observations made in piglets concerning
organ development, digestive enzyme aciivity and amino-acid digestibility have not
revealed any major differences between animals fed with cows" milk, g formula based on
hydrolysed cows’ milk proteins and isolated soya proteins. Thus, it is unlikely that the
replacement of intacl proteing by hydrolysed prowing in infant formulae might canse
major dipestive disorders 106,

The “hypoallergenic™ or “hypoantigenic” character of a formula can only be demonstated
by appropriate clinical tests. These tesis must be preceded by a complete set of pre-
clinical tests combining physico-chemical and immuno-chemical methods, in order to:

1} characterize the molecular properties of the hydrolysate to the extent that its residuat
antigenicity can be derived from these;

2} assess the actoal reduction of antigenicity compared with that of the proweins used, by
in vitro as well as by in vive tests 1782106,

In peneral, the narrower the melecular weight distribution of a protein hydrolysate, the
greater seems the probability that it will have a highly reduced residual antigenicity and
thus, be potenially hypoallergenic 17, However, sequences of 4 amino-acids have been
recognized as immunogenic 1% and in pracrice, 1115 ol possible 10 set an npper limit for
the size of residual peptides, below which hypoallergenicity could be guaranteed, even if
polypeptides with molecular weights lower than 3000 daltong are less immunogenic and
oligopeptides are generally not 197, Moreover, the techniques nsed do net permit to
precisely defing these molecular weights, The si2e of pepudes obtained vanes according
W experimental conditions, so that a comparison of the hydrolysates among themselves

is only possible if the analyses are carried out simultanconsly under identicat condidons
17

Mot all milk proteins have the same sensitivity 10 endopeptidases usvally used 1o
manufacture Rydrolysates, i.c. trypsin and pancreatin. Alpha {cty and bela (B) caseins, -
lactpgiobulin {LG) and a-lactalbumin (LA} are very sensitive to trypsin. A high degree
hydrolysis of these proteins practically abolishes their capacity to sensitize (orally) or 10
provoke a reaction (inmavengusly) in puinea pigs sensitized to the starting proteins under
discussion. On the other hand, immunoglobulins are more resistant and serum-albumin
(BSA) is only slightly anacked, but they can be very tapidly denatured al ultra-high
temperamres 9597,

The sensitivity of proteins to heat varies according 10 the structure of he protgios.
Lactoscrum proteins, especially 3-LG, are more sensitive than caseins. Nevertheless,
even for lactoseram proteins, the temperatures 10 be reached and the hearing ume
required 1o significantly reduce antigenicity can, owing to the Maillard reacuon,
unacceptatdy alier the nuritional value of products 108109, On the other hand, epitopes
can appear which are not present in natural proteins #2, Therefore, heat treatment alone
cannot be used w produce good quality hypoallergenic formulae but it can be vsed
together with sclective hydrolysis (o give more acceptable and tasteful products than high
degree hydrolysates 3293107, Finally, neither ihe degree of hydrolysis nor the extent of
heat weatment alone should be used as a basis for defining the hypoantigenicity of a
formula, Informations on the processes used should be systematically communicaned to
the responsible controlling authority, if necessary confidentally.

Several conditions should be fulfilied to ensure the hypoallergenicity of hydrolysed
formulae. Tt is esseniial 1o check:
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36.

37.

3s.

1} that the immunoreactive protein concentraton is Jess than 1/100 of the protein contemt
normaily present in the starting materials used, and

23 that, using approptiate animal models, the oral adminisration of the formula does not
induce sensitization {including anaphylactic shock or the development of antibodies
detectable by passive cutaneous anaphylaxis 1€s13) 10 major milk proneins, to other
proteins present in the starting materials used or to residual peprides 14,106,110,

The quasi-absence of native proteins can be assessed by several wchniques, eg.
electrophoresis on polyacrylamide gel (SDS-PAGE), immuno-preciplialion reactions on
agarose gel (immuno-diffusion, immuno-rocket elecrophoresis) and ELISA or radio-
immunelogical (RLA) iechniques, the lauer being both able to detect quantities of B-LG of
the order of 10 ng/ml, ie. 100 nimes lower than ir vive methods 196, The decisive
clement in all the techniques used o determine an interacton between a hydrolysate and a
preformed antibedy (ELISA, RIA, etc) resides nevertheless in the quahity of the
antiserum, and even if today it is the manufacturers’ responsibility te rigorously defing
ihe properies of the antiscrums used for their controls, 1t is recommended that reference
standards be developed which ¢an be used to compare products with one another and 1o
establish indisputable hmis 17

Although wsts of provoked passive or active anaphylaxis in animals and very sensitive
measurements of the residual antipenicity of formulae must be carried out before any
1ests are performed involving human subjects, these technigues cannot be used for bawch
controls. Therefore, manufacturers should be recommended to carry out 2 number of
kests on each barch, in particular those vsed to check the absence of significant quantitics
of kigh molecular weight polypeptides (e.g. on polyacrylamide gel) and the absence of
immuno-diffusion precipitation 1782 or even more sensitive and faster methods still
being developed. In addition, it should be remembered that most of the immunological
1ests cited above only study anaphylaciic responses, and that the study of ceilular
immunity may reveal cross reactions which differ from those detected by annbodies 111.
Finally, the Commitiee believes that in vive and in vitrg analyses of residual
immunopenicity must also involve the final preduct (ready for wse} and not only one or
twir of the major protein constinuents of the produet.

Considening the incidence of food allergy in the population at large and the reducton in
the frequency of these symptoms expected from an antipen reduced diet, itis virtvally
impossible to show that a “hypoallergenic™ or “hypoandgenic” formula has preventive
effects in a non-selected population. Nevertheless, the conditons under which clinical
tests must be carmed oul cannot be dissociawed from the indications proposed by the
manufacturers and from the properties ctaimed for each type of formula.

In ling with the recommendations made by the Subcommittee on Nutrition and Allergic
Diseases of the American Academy of Pediamcs, the Committee believes that the names
“hypoallergenic™ or “hypoantigenic™ or any equivalent names (e.g. "with reduced
antigentc activity”) can only be used if the respective infant formuta is well wicrated by
infants with hypersensitivity 1o dietary pretcins and whose hypersensitivity to milk
proteins or other proleins entering the composition of the hydrolysate has been confirmed
within two months before the wst 17, However, the Commitiee does not believe it
justified from an ethical standpoimt 10 use & double-blind placebo test for Lhis
demonstration, as recommended by the ad Aec Subcommitice mentioned above 17, but
thinks that an open @est is morg appropriate i this case, provided that it inwvolves a
sufficient number of subjects, considering the fact thar acute reactions are always
passible in highly sensitized subjects, irespective of the properties of the products and
the manuflaciuting processes used {see points 19 and 25),
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40,

41.

In compliance with the provisions of arucle 6, paragraph 4 of Council Direciive No
R9FA9R/EEC, the labelling of these formulae and their presentation must not contain
claims for any prevenuve or therapeutic properties. The claim the Committee
recommends 1o be added 10 Annex 1V of the Commission Directive of 14 May 1991 on
infant formulae and foliow-op formulae shoutd only be authorized for lormulae fulidhing
the critena stated in the annex of the present document. In addition to mandalory
informaton and to the claim mentioned above, the labelling could also include usual
contra-indications, especially for infants with hypersensitivity (o proteins conlaincd n the
starting material of the product, and possible contra-indications regarding the
combination with other foods (milk products, cereals, baby food in jars, ewc. ) 10,

In compliance with the provisiens of article 6 paragraph 2 of the above mentioned
directive, the technical files and all documents intended for medical experts conld
nevertheless mention Lthe preventive propenies of these products, provided that these
have bean properly estabhished, be it to prevent transitorily or possibly permanendy some
atopic symploms {eczema, asthma, spasmodic thinitg, ei.) or more simply to prevent
digestive sympioms resubting from an allergy to cows’ mitk proteins 170, In this regard,
the 16515 must bave been cammicd out on infants at risk fed during at least 4-6 months with
the respective formula, using a double-bhind, randomized protoco! including a standard
infant tormula 17,

Except for the modifications introduced during the formulation of the product and its
production in order to guaraniee its hypoantigenicity, infant formulae ¢laimed to have
“hypoallergenic™ or “hypoantigenic™ properties should satisfy all of the crileria of
essential compositon listed in Annex I of the directive on infant formulae and {ollow-up
formolze. Their nutrittonal efficacy should alse be demonstrated in all cases by a
longitudinal study on weight and height development gver al least 3 months, involving at
least 20 habies born at full term and aged less than 1 monih at the beginning of the study.
Finally, the Committee believes that besides all the indispensable informatien on the
properties of the hydrolysate and the procedures used {cnzymes, molecular weight
distribution, percentape of blocked lysin, FER, NPU, cic.}, the information should be
complemented, if neecssary, by dala on the plasma levels of albumin and short half-life
proteins (prealbumin, RBP, transferrin, and on the plasma amino-acid profile.

Conclusions and recommendations

421.

43,

44.

Exclusive breast-feeding in infants at risk during 4-6 menths and a delayed introduction
of foods other than milk significantly redeces the incidence of atopic symptoms,
especially eczema, and of gasiro-intestinal symptoms attributed to cows' milk, at least up
to the age of 12 10 36 months,

Soya formulae cannot be considered less allergenic than milk formulae. In the absence of
maternal miltk, iess antigenic formulae (e g. protein hydrolysates) should be used for
infants at nisk, allergic infants and those showing clinical signs of intolerance to dietary
profeins.

The therapeutic efficacy of high degree hydrolysates in cases of enteropathy caused by
cows' milk proteins, and in infants showing anaphylactic reaciions 10 milk products or &
other dietary proteins has been well established. However, this does not completely
exclude the possibility of anaphylactic reactions in highly sensitized infants receiving
casein-hased or lactoserum protcin-based hydrolysaes for therapewtic purposes.
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435,

46 .

47.

48.

The incidence of intolerance to dietary proteins is also significantly reduced in infants
recelving a low degree lactoserumn {whey) protein hydrolysate when its aliergeniciry has
oeen reduced by an additional heat weatment. These HA formulae wo can induce
anaphylactic reactions in hypersensitive infants, perhaps more ofien than high degree
hydrolysates, but, acearding to the manufacturers, they are not intended for therapeutic
usc in these infants and no adverse reactions have been reponted when these formulae
were used in the first instance or for a prophylactic indication,

The protective effect of HA formulae with tegard to atopy has been demonstrated by
prospective gouble-blind studies with infans at risk, The incidence of cczema and other
allergic symptoms is similar as in breast-fed infants and two times less than in infants fed
with cows’ milk or soya infant formulae, his mduction continues al least up to the age of
12 to 18 months. Comparable reselis have been obtained with a high degree casein
hydrolysate. This randomized study where the hydrolysate was used alone or as a
supplement 1o breast milk up to the age of & months, a strict exclusion of various
antigens from the mother’s diet during the end of pregnancy and lactation periods and a
delayed inmeduction of a number of common foods into the diet of the infants op 1o the
age of 2 vears is difficult to interpret becaose of the additional dietary modificarions.

Infani formulae claimed to be “hypoallergenic” or “hypoantigenic™ or thpse "with
reduced antigen or allergen content” have been used in several Member States for years
and no undesirable effects on the growth or developmeni of infants have been observed.
Their indications, which are not the parpose of this repom, remain o be discussed. Some
people are of the opinion that they must be reserved for infans at nisk and/or for infants
with clinical intolerance symptoms, and others believe thal they arc contra-indicated for
infants suffering from acute reactions to their consotuting proteins and that their main
indication is prophylaciic. Considering the information at its disposal, the Committes
believes that it is premature 10 make any recommendation on this matter, as the
indications of the products undoubtedly differ, depending on the raw materials and the
processes used. The Commitiee alse believes that, no matter what results are obtained
with these products, the provisions of the WHO Code on the marketing of breast milk
substituies must be stnctly respected, and that public anthorities must ensure that
commercial practices and the information provided to medical and health professionals do
not in any way discourage mothers from breast-feeding their infants,

In any case, the Commitee considers that manufacturers should goaraniee that such
preducts satisfy the following criteria to be able 1o claim an “hypoallergenic’ or “with
reduced allergen content” or "hypoantigenic’” or ““with reduced antigen content”™ status:

the proteins must have been meated in such a way that the immunoreactive protein
amount, measured with the appropriate methods (SDS-PAGE, immunc-diffusion,
ELISA, RIA, or any other method with equivalent sensitivityd, is lower than 1 % of
that of nitrogen-contaning substances in the formula,

the criteria relating to protein given in the Annex of this report must be fulfitled, In
addition, these formulae musi satisfy all other relevant critena regarding the essential
composition of infant formulae as stipulated in Commission Directive 91/321/EEC on
infant formulaz and follow-on formuiae;

proof of the absence of any sensitizing character should be supported, before any
clinical tesi, by a series of tests on laboratory animals under conditions where
provocation tests show angphylactic reacnions in animals having received orally {or via
other appropriate toules) the intact proteins from which the formula is derived;

the clinical tests must have proven their tolerance in more than 90 % (confidence
interval 95 %) of the infants suffering from a hypersensitivity to proteins from which
the hydrolysaie is made, unless the labelling and presentation of these fermulae clearly
menpon that they are contra-indicated for such cases.
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49, Their numitonal efficacy must have been demenstrated by means of ¢linical tests carned
out according w recognized adoquate proioeols,

5§. The labelling and presentation of these formulae should not mention any preventive or
therapeatic properties. The 1echnical files and documents intended for medical and heatth
professionals can however mention their preventive properties, provided that these have
been established by randomized, double-blind studies using the respecove formula.

51. The manufacturers must keep at the disposal of the responsible authority all relevant
infarmation conceming the properties of the hydrolysate and the processes used



14  Repons af the Scientifie Committee for Food: 2Bth series

Annex

Protein requirements for formulae manufactored

fromm hydrolysed proteins

Minimum Maximam
(.56 g/100 kI 0.7 g/100 kI
(2.25 gf100 keal) (3 /100 keal)

The chemical index shali be equal w at least 80% of that of the reference protein (breast

mmilk, as defined in Annex VI of Commission Direcdve 91/321/EEC).

For an equal energy value the formula must contain an available quantity of each essential
and semi-essential amino-acid at least equal to that comained in the reference protein

{breast milk, as defined in Annex WV of Commission Directive 91/321/EEC.

The protein efficiency coefficient (PER) and net protein uthization (NPU} must be ar least

equal 1o those of casein.

The taunine content shall be equal to at least 10 umoles/ 100 kJ (42 pmoles/100 keal) and
the L-camitine content shall be equal 10 a1 least 1.8 pmoles/100 kJ (7.5 umoles/100

kcal),
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Second Addendum

{Opinion expressed on 9 December i991)
to the Reports of the Scientific Committee for Food

concerning

the essential requirements of infant formulae and
follow-up milks based on cows' milk proteins

(Opinion expressed on 27 April 1983)

and

the minimal requirements for soya-based infant
formulae and follow-up milks.

(Opinion expressed an 9 December 1988)

Terms of reference

To advise on the addition of some nucleatides w the list of nuwmitional substances which may be
added in the manufacture of infant formulae and follow-on formulae.

Introduction

1. The Committee has agopled up 10 now two reports on infant formuiae and foliow-on
formulae based on cows' milk proteins and sova proteins -2, It recently reconsidered its
recommendations concerning the maximum level of vitamin D content of these praducts
and approved & limiled extension of the list of nutribonal substances which may be added
in their manufacture *, The sccond addendum to the above mentioned reports CONCEMs
the addition o infant formulae and follow-on formulae of nucleotdes normally preseat in

human milk and which are semi-essential compounds, especially during the first months
of hfe,



24 Repens of the Sciemific Commitee Jor Food: 180h series

Definitions

2.,  The definitions adopted in the above mentioned reports 12 and in the first report of the
Commitiee on the essential requirements for weaning foods  have been retained.

Documents consulted

3.  Indrafting this opinion the Committee considered relevanr scientific publications and
information provided by the Association of Dietetic Food Industries of the EEC (IDACE)
in particular concerning the speciications and the punty criteria of nucleotides,

Scientifi¢ background

d. Nacleotides are the basic building blocks of the nucleic acids RNA and DNA, They arc
compnised of one or more phosphate groups, of 2 pentase, cither ribose or deoxyribose
and a nitrogenous base. The nirogenous hases are either punines (adenine, guanine,
hypoxanthine or xanthine} or pyrimidines {uracil, cywosine or thymidine). Nucleotides
are involved in other cellular funclions such as in energy ransfer or as modulators of
enzyme activity 3,

The purine and pynmidine bases can be symihesized in the body from amino-acid
precarsors and can also be re-synthesized in the salvage pathway from catabolic
intermediaries. The latter is the quantitatdvely more sipnificant accounting for up 1o %0%
of the porine bases. Cenain ussues preferentially uiilize the salvage pathway eg. the
intestinal muocosa, bope marrgw, bemalopoictic cells such as leukocyies and
crythrocyies. The de nove synthesis pathway and the salvage pathway are inversely
related, the former being activated by the absence of nucleondes and the laner sumulated
by their presence in the diet 8.

5.  For centain cells such as lymphocyres or intesunal epithelial cells where growth and
turnover can be rapid, dietary purines and pyrimidines can be considered as semi-
essential. The rat's small intestine lacks the de navo synthetic pathway and the level of
put RNA falls on purine and pyrimidine deficient dieis ¥ High density hpoproteins are
mereased in infanis and experimentat animals by nuclegtide feeding and the elongation
and desaturation of essentizl fatty acids are increaked in neonatal infants and ras by
dietary nucleotides 12,

Iren bioavailability is influenced by ingsine momnphosphate (IMPY which is derived
from the catabolism of adenosine monophosphate (AMP) 1112 IMP also plays a role in
the T-cell mediated immune response 13 and nucleotides may be components of human
mitk that contribute 10 the enhanced immunity of the breast-fed infant 14, In rats with
70% hepareciomy, liver regeneration is increased by intravenous adminiswration of
nucleotides. Imestnal recovery following diarrhoea may also be improved by diclary
nucleotides 1%,
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Nucleoproteins, widely present in food, are digesied by proteclytic enzymes [0 release
nucleie acids. Pancreatic nucleases degrade nucleic acids into 2 mixture of mong-, di-,
tri-, and polynucleotndes. Inestinal alkaline phosphatase converts nucleotides 1o
nucleosides releasing free phosphate, and nucleosidases convert nucleostdes to the
pentose and (o free purine and pyrimidine bases 1617 Together, alkaling phosphatase,
nucleotidases and nucleasidases generate a mixture of free purine and pyrimidine and
nucleosides. Itis in the tatter form that they are absorbed by facilitated diffusion and by
sodium dependent mansporters 18,

Foods such as offal, sea-foods and dried legumes are especially rich in nucleotides.
Cows' milk is low in nucleotides especially those based on eytosine and adenosine. Rt
does, however, contain a high level of orotate. Both poat and sheep milk contain
considerably more {four and five times respeciively) nocleotide than cows' milk and
colostrum containg more than matre breast milk 3920,

Human milk is richer in nucleotides in companson to cows' milk, Taking into account
the total nitragen coment, nucleotides represent in human milk a higher percentage than
in ruminant milks. As much as 30% of the toal nitrogen in human milk is nonprotein
nirggen {about 3% in cows' miik) and soduble nuclectides contribule as much as 209 of
the nonprotein mitrogen. As in other species, the nucleotide content of human milk
decTeases with advancing lactation, except for IMP which increases. There is variability
in the levels of speeifie nucleptides which can be atmbuted to the individuals per se and
also to the methods of sample preparation and analysis. The Committee has thus
considered only the values obtained with the more recent techaiques using HPLC and
enzymatic methods.

Cytidine and undinc nuclectides represent the mosl important fraction of the total
nucleotides in human milk. Tosal undine dervauves reach an average up 1o 3.4 pmol/di
(range: 4.% — 7.5} and total cytidine denvanuves an average 3 pmol/dl frange; 2.2 - 4.9).
The average for adenosine derivatives is 2.9 umol/dl {range: 2.1 — 3.5} and that for
guanosine derivatives is 0.8 pmol/d! (range: 0.6 — 1.3) 21, AMP and CMP represent the
majonity of adenosine and ¢ytidine nucleotides. Undine monosphosphate (UMP) and
aranosing monophosphate (GMP) arc about 20 10 25% of wial endine and guanosine
denvanves,

IMP is also present in human milk and no other inesine dertvatives have bean found.
Orotage i3 practically absent in human milk.

Supplemenation of infant formulae with nucleotides is authonzed in Japan from 1965,
in Spain from 1983 and in the United States from 1989, Only nucleotides in the form of
monophosphate salts are used for supplementaion, the 10tal amount added being
comprised between 2 and 3 mg/100 keal in the marketed formulae. Considering the
consumption of energy of young infants, the intake of nucleotides of those fed
supplemented infant formulae s in the game order as thar of breasi-fed infants (11-18
mpfday) ?.

Until now, the Commines, like JECFA, has allocated an ADI aot specified lor 57-
nbonucleotides. Likewise the Committee has allocated an AD] nor specified for speaific
nucleotides such as inosinic acid and its salts (E 630-633) and guanylic acid and its salts
(£ 626-629), Nevertheless studies on the effect of oral purines on serum and pAnary uwric
acid of healthy hyperuricemic and gouty adull humans suggest that the purine derivatives



24

Reports of the Seismilie Cormmities for Feod: 28th series

except those derived from guanine, increased serwm uric acid concentrations 2 %o,
several reports sugpest thar the maximum safe limit of nibonucleotides daily inlake in the
diet of adults would be 2 g, Le. 30 mg/kg body weight 22 The intake of nucleotides of
breast-fed infants and of supplemented milk formulae 15 aboor 10 times less than the
sugpested maximum daily intake for adults,

Conclusions

12.

13.

14,

15.

16.

There is not any sign of clinical deficiency which may be attributable 1o the lack of
nucleotides in infant formulae. However it is well established that dietary nucleotides
play a role in a number of physiotogical functions, namely lipid metabolism, immune
response, tissue repair and possibly iren absorption. The exogenous supply of
nucleotides may be important cspeciatly for those bssues with a high turnover.

Human milk has a specific nucleotide profile which differs from that of mominant milks.
The wnal nucleoiides content in human milk ranges between 5 to 15 pmolfdl, ie.
approximately 2 10 6 mg/100 keal. Thus the Commiuee considers that if infant formulae
are supplemented with nucleotides it is advisable to supplement in the same grder of
concentrations as found in mature human milk.

There are no long term studies for infants fed nucleotide supplemented milk formulae.
Howewver, those priducts have been used in the United Siates, Tapan and Spain for years
and no deleterious effect has been repornted. Therefore the Committes does not have any
theoretical reason to think aboul negative effects of those formolae, at least within the
range of nucleouds concenmations used until now,

A large number of children are still fed with infany Formiulae after 4-6 months of age. The
amount of nuclaotides likely to be added to either infant formulae or fotlew-on formulae
would represent a very small proportion of the total intake of purine and pyridine bases
in a diversified feeding pattermn. The Committee considers that, while there would be no
benefit 1o adding nucleotides to follow-on formulae, there is no reason to believe that tis
would have negative consequences, provided they are added at the same levels
recommended for infant formulae,

Although human milk contains at least 12 acid soluble nuclearides, the opinion of the
Commitlee is to limit the list 10 the following nucleotide-5 'monophosphates: CMP,
UMP, AMP, GMP and IMP, which ave hydrolysed in the intestine and absorbed as
nucleosides. Only the sodium salts of those nucleorides, easily soluble in water, should
be anthorized. The total concenwaton of those nucleotides in the ready 10 use products
should be in the same order of magmiude as in human milk and in any casc less than 3
mg/ 100 keal. The maximuom limit for each nucleotide should be.:

CMP: 25 mg/100 keal
UMP; 175 mg/100 keal
AMEP: 1.5 mg/100 keal
GMP; 0.5  mg/i00 keal
IMP: ] mg/ 100 kcal
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Report of the Scientific Committee for Food
on foods for particular nutritional uses
whose sodium content has beer modified

(Qpinian expressed on 9 December 1991}

Low sodium foods and salt substitutes

Terms of reference

To advise on foods for panticular nutrinenal uses whose sodium content has been modified.

1.

1.1

1.2

Dietary sodium in Europe

The sodium which is present in the diet as eaten has three distinct origins. The first cne
is represented by the sodium naturally present in foods and drinking water. Naral
sodium content rarely exceeds values of 100 mg per 100 grams or 100 keal (420 kJ) (see
Table 2). The second source of sodium is represented by the sait (Nall) which is added
o foods, and as sodium salis of food additives, durdng various stages of their industrial
processing and/or manufaciuring. These food additive sources account for less than 10%
of otal sedium intake 22, Processed foods wend therefore 10 be much richer in sodium
than natural foods (see Table 13, The third source of dietary sodium is represented by the
salt which is added to foods by the individual consumer during the domesic stages of
preparation of the meals and/for ar the table. This salt, being under the conmel of the
individual consumer, 15 usually referred to as “discretionary™ salt.

Total dietary sodivm intake in the European region has been estimated 10 range between
3.5 and 5 p/day (910 12 ¢ NaCl/day) 15, The proportion of total sodinm contmibuted by
discretionary salt is not firmly established, buy recent evidence suggests it may range
between 20 and 40% of total sodium intake 1628 although it has also been seen o drop
down 1o only 2% 1224, This confirms that the major source of dictary intake of salt 15
currently from industrially processed foods 3312, The major sources of sodiom are, for
most countries, bread and other cereat and bakery products; the combined group of
meats, fish, and eggs follows closety, and milk preducts come next (Tables 3 and 4).
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2.

2.1

2.2

3.

LI |

3.2

4.1

Rationale for low salt intakes

Sait consumpion, and sedium in particular, has been firmly linked 0 hypenensioo, both
for its role in its pathogenesis and, even more s0, for its treatment 7.%.10.21,25.28.29,
While there is a ¢ontinuning controversy about the exact nawwre of the sodiom-
hypertension link, a large body of scientific evidence is available 10 show that high salt
intakes are a necessary but not sufficient condition for inducing essential hypertension in
all individuals {the Salt Hypathesis) 5. On a popuiation basis, it has been established thar
the habitual consumption of more than 6 gfday of salt is associated with an age-inerease
in bicod pressure 13, As for the hypertensive patient, the evidence shows that the blood
pressure of most hypertensive falls foliowing the reduction of their salt intakes 2.4.14.1%,
The benefits of lowering blopd pressure are further magnified by the concurrent
redoction of the dependence on hypotensive drnegs, which may have undesirable side
effects.

On the basis of the above mentioned scientific evidence authontative bodies have
recommended that the total amount of dietary salt be maintained at about 5-6 g/day 1.27,
Such recommendations are addressed to the general public. However, it is recognized
that genenically salt susceprible individuals and hypenensives will particularly benefit
from low sodium diets, the salt content of which should ranpe between | and 3 g/day.

Salt modified products

Individuals who wish or need 10 control the sodivmn content of their diet could do so by
modifying certain habits and approprialely selecting common foodstuffs. Indeed the
addition of salt during cooking or other meal preparation and at the table could be
reduced. There are foodstuffs which naturally contain a low amount of sodium,
Manufacturers, responding to expert recommendations and demand of the public, are
markering an ever increasing vaniety of common foodstuffs the sodivm content of which
1% significantly less than in the past.

Dietec produces specially manufactured for the dietary management of certain conditions
needing a well defined reduced Na content and clearly presented as such, comprise two
distinct types:

4} scdium-modified foodstuffs to be consomed as such: and

b) sodium-modified salt substituies which are added to foodstaffs duning their
preparation and/or at the table.

This report deals with these two 1vpes of products.

Overview of standards for low sodium products

Codex has established a standard for low sodium dietary foods and salt substitutes 6. Tt
describes these foods as being intended for special dietary uses by reason of their low
sodivm content and contemplates 1wo categories, the low sodium and the very ow
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4.2

4.3

5.

5.1

5.1

6.

6.1

sodium products. For both, a three pronged definition is used, namely Lhat the food be
processed without adding salt, that the Tina! sodium content be no more than half the
amount contained in the normal-salt version, and that it does not exceed the threshold of
120 mg {low sodium) and 40 mg {very low sodiem) per 100 g final product as
consumed.

The U.S. reguiation for sodium labelling 26 distinguishes four categories based on the
sodium content per serving: sodium free (less than 5 mg), very low sodinum (up te 35
mg), low sodivm fup © 140 mg) and sodium reduced (with a 75% reducton over
comparable normat product).

The regulation in the various EC member countries is very diverse and incomplete. In
Ttaly an iniernal normative of the Minisery of Health s concemned with salt substitutes.
Two types of salt substituies are permitted, namely a low-sodium and an a-sodium salt
substitute. No regulations exist for sodium modified foeds. Spain, Germany, Belgiem
and France have specific regulatans regarding sodium modified dietstic foods and salt,
the amoums of sodium permitted and the various specifications varying modesily
between countmies. The UK, while not having specific regulations in this domain, has
nevertheless clear recommendations. Most of these conntries conternplate two categories
of products, except for France end Belpium that specify the diverse sodium content for
various food products, 2nd the UK which considers three categones, sodium-reduced, -
low, and -fres,

Rationale for the recommendations

In making its recommendations the Commitiee based its rationale on the pringiple that
consumption of low sodium dietetic foods, exclusively or in combination with low
sodiem common foods, should permit individuals with, or susceptible to developing
hypertension to have a sodium intake approximately half of the amount recommended for
the general population (i.e. 0.4 - 1.2 g Nafday or 1-3 g NaCl/day).

In agreement with Codex the Committee considers that it is necessary to adopt 45 2n
essenual requirement for these products, a subsrantial reduction in thelr sodium conignt
with respect to their commeon foodstuffs counterpants. The Committee has also
considered that this pringiple of reduction of sodium with respect 1o the normal
counierpan is without meaning il these reference foodstuffs are naturally low in sodium
{i.e. less than 100 mg/100 g or 100 keal or 420 kJh. A lower limit for the sodium content
of the latter seams therefore pustified as an additional ¢riterium.

Definition of the categories

The very low-sedium food definiton applies 1o special dietary fopds whose fnal
total sodium conlent 15 Jess than 40 mg/L0¢ g of the ready 10 consume product, and
this final concentration is less than hal( the concentration present in its regular equivalent,
whose initial sodium concentration must be higher than 100 mg sedium per 100 g or per
100 keal (420 k), whichever of these is the lowest.
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6.2

6.3

The Jow-sodium food definition applies to special dictary foods whose Mna! 1013l
s0dium content is less than 120 mg/HH) g of the ready (o consume praduct, and this
final concentration is less than half the concentration present in its regular equivalent,
whose iniaal sodium concentration must be higher than WK mg sodium per 100 g or per
100 keal (420 k), whichever of these 1% the lowest,

Salt substitutes are divided into 3 categones cormresponding respectively to products
whose sodium content is less than 12 ¢/100 g of the salt mixture (sediem-reduced salt
subsutuee), or less than 120 mgf100 £ of the salt mixture (low-sodium salt subsiitutel, or
less than 10 mgf100 g of the sait mixture {sodium-free salt substitute). In sodium-free
salt substetes, potassium is most commoenly used 1o replace sodium. The potassium
content in these products should not exceed 30 g/100 ¢ of the salt mixre in view of its
reduced organoleptic aceeptability and the nisk of hyperkalizemia in subjects with
impaired rengl function 53023,
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Table 1: Sodium and salt in processed foods

of common use in Europe

Daa expressed on the basis of net edible weight {mgf100 g} and of energy coment mgS 100 keal or mg/420 kD

Erne chegit (2T.95% fal} &
Camemnben (22.3% fal) »
Cheddar (32.2% (1)
Parmesgan »

Buer (salied) b
Margarine (standard) 2
Comed beof 2

Fried bagon B

Ham, canned 3

Ham, raw, smoked dried 2
Pork pie b

Sausage rell b

Sausage (hockwurst) 2
Herong. in 1omaw sauce &
Salmon, tanned @
Salgnon inoil =

Sardine ingil 2

Tuna in oil &

Potars {lakes, dricd 2
Porao fried slices ®
Potatg Mmed sticks A

Salad cream b

Yegetable soup b

Oty tubes ©

Asparagus, canned ¥
Spinach, canned &

Beans rench, canned 2
Pea, canned, drained 2
Tomaw, canped L
Tomaw juice &
Comiour 4

Pop Com ©
Macarond, raw ¢
Macaroni, canned, cheese sauce 4
Ravioli, canned, wmalo sauce 4
Pizea d

While bread (average) d
Wholemeal bread (average) d
Busk (cracker) 8

Com flakes ¢
Muesli Swiss siyle d
Rice Krispies d
Weetabix 4

Digestuve biscuits plain d
Scmi sweot biscuits 9
Spange cake buner 4
Fruit cake 4

Madcira cake ¢

Teacakes @

as mefil0g

Sodium
117
a0
a7
T
750
1001
833
1820
120%)
1400
T2
550
0O
526
40
4070
05
341
160
450
T
g0
500
103080
355
170
275
211
)
5
52
1940
11
S60
460
540
520
550
263
1110
IR0
1260
370
&0
40
s
350
80
p )

NuCl
3840
2467
1717
1784
1907
257
2118
453%
N5z
35680
%3]
13949
1780
1335
1373
10350
1284
ats
an?
1144
1831
2134
1272
26193
903
432
609
537
23
13
1332
4933
28
1424
1246
1373
1322
139¢
RRY
2823
UHA
12M
o3
1526
1043
ols
836
g
7

ag g 100%kcal or
mgta 2 id
Sodium Mall
30 Ei ]
320 &20
160 420
180 450
100 260
10 a0
550 13590
K¥ 1 930
&30 1600
LR LY
190 490
110 290
140 610
250 640
ng Exit}
1410 3530
210 S0
120 300
S0 130
1) 210
140} I
270 G590
1350 1440
4500 114411
3550 2030
1420 1500
4580 116850
50 1920
150 Jan
a0 AN
10 40
430 1080
IrACRS 10
410 1930
00 1780
220 3450
220 60
L) G50
T 180
L) o)
100 270
340 B30
110 2ED
130} 320
20 210
fli] 1
L] 180
100 230

230

Category "
Sodinm density
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Table 2: Sodium and salt in natural/unprocessed foods
of common use in Europe.

Dala expressesd on the basis of net edible weight (mg/i00 g) and of encrgy comert (g 100 keal or A420 k)

s meftod g as 100 keal or Category *
mg420 kT Sodium density
Sodium Mall Sodium MaCl

Human Mik 2 16 41 23 57 L

Cows" milk {3 5% fay 2 43 122 T2 182 bl

Cream (30% fay) @ 34 86 i0 kN, L

Egg (chicken) 144 366 B 215 MH

Meal (meat only) * 37 145 a0 121 [ %18

Heming, raw 2 117 208 53 134 %1

Salmon, raw 3 51 130 25 &l 1.

Sardine, raw ¢ 10 254 74 118 ML

Tuna, fresh 2 43 0 18 L5 L

Apple b 2 3 4 11 L

Orange b 3 B 4 22 L

Poawe 2 3 5 4 ] L

Asparagus 2 4 10 ! 13 L

Beelrool © R4 214 S0 108 H

Spinach # 65 1553 433 a2 H

Beans, fresh 2 2 ] 5 14 L

Tomas @ ) 15 a5 H E-

Rice b 6 15 2z 4 L

Flour, whele b 3 8 q 22 L

* Sedium densily categories on Lhe basis of NaCl mef100 keal:

~L= lw <110 mpf10) keal
-MiL = mediom Iy 110-210 mg/100 keal
=~ MH = mcdiam high 210-310 mp/ 100 kel
—~H= high >310 mg/ 100 keal.

a Spuci 5W, Fachmann W & Kraut H, (1986). Food composition and autrition labies 1986157
3rd ed., Wissenschafuiche Veragspesellschali mbH Swugar,

b Paul AA & Southpate DAT, (1978). MeCance and Widdowson's The composition of foods, 4th
ed,, London; HMS0O,

s Camevale E & Miuccio F, (19%90), Tabelle di composizione degli alimendd, Istituto Nazionale
della Nutrizione. Roma.

d Holland B, Unwin 1D & Buss DH, (1983). Cereals and cercal products, The third supp! 1o
McCance & Widdewson s The composition of foods, 41h ed., 1.ondon, Royat So¢, Chem. &
MAFF

e Walt BR, Merill AL, {1975}, Composition of foads. Agrickliural Randbook a8, Agriculinral

Fesearch Service USDA, Washingion.
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Table 3: Sodium coatent of total diet

{in grams/dayipro copita)

and percent contribution from specified food groups

Germany !l Finland 2 Britain 3 America 4

{as percent of total)

Cereal & 34 a Al it
cereal products

Egg, meat & fish 34 15 2 4w
Milk & milk 11 11 7 10
products

Fats ] 14 16* B
Veg. & lruits 4 1 Gre 1
Supar, candy, 16 43 - 0
beverages & salt

added in food prep.

{in gramsiday/pro capita)

Total 2.86 4.24 2.60 6.69
* incleded cheese, cream and ice cream
¥ Only milk

wxd  Only vegetables and roons
**4%  Excluded eggs

1 Docum, IDACE {198%).

2 Fictinen P, {1982). Estimating Sodiuom Imake from Food Consumption Data. Aan. Muir,
Merab, 26; 90.99.

3 Bull BN, Buss DH, {1980y, Contribwions of loods 10 sodium intakes. Prac. Nure. Soc. 3%
304,

4 Shank FR, Kang Pack Y, Harland BF, Vanderveen JE, Forbes AL and Prosky L., (1982),

Ferspective of Food and Drug Administradon on dietary sodium. JADA, 80: 29-35
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Table 4: Consumption of sodium from specified food groups in Italy
{mg/day/pre capita )
and as percent of their contribution to total intake *.

mg/dipc %o

Cereals & cereal products £33 28.5
Milk & dairies 369 126
Cured meats (hams, sausages, £10) 245 5.4
Meat & fish 107 37
Vegerables, fruits & pulses Ok 33
Eggs 33 11
Beverages 20 0.7
Keady meals 16 (.5
Fats 16 (.3
Processed fish 16 0.5
Riscuits & cake 14 .5
Seasonings & sauces & 0.2
Eaby foods k! 1
Salt adcdeq in food preparation 1147 39.3
Totzl dict 1922 100.0

* (ialfa F, Unpuoblished data oo 10.000 households.
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Table 5: Sodium centent of regular and low sodium
processed foods*

Na content mg/100 g

Regular Low saltor Saldree or no
sodium redoced added salt

Cereal producis
Whole wheat bread 430} 200 24
Mulograin 460} 200 ]
Breakfast cereals 190 A 14
Crackers 1000 540 #
Crispbread 530 # 62
Spreads .
Butter TO0 340 19
Margarine 00 47K 6
Peanut butter S0 # 18
Snackfoods
Cashewnuis 400 ¥ 18
Peanuts SO0 240 10
Potag chips 400 36040 26
Soups :
Chicken 380 200 100
Chicken nondie 450 240 ¥
Tomato 350 180 . 36
Mushroom 30 150
Canned vepgetablos
Canned peas 290} 8 4
Canned womatoes 280 # 15
Tomaro sauce 1000 i 26
Tomaiw paste 530 # 40
Tomato juice 280 # 7
Canned fish
Pink salmon 410 # 110
Tuna 400 # 82

From Greenfield er af, 1!
& Labelled as lighiy sahed
i Naot available,
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safety of persons ansing from the consumplicn of foed, and in particular the
compeosition of food, processes which are hable 1o modity food, 1he use ot
food additives and ather processing aids as well as the presence of can-
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