
intake to maintain blood phenylalanine concentrations
within European PKU Guidelines target ranges [1].
This usually requires avoidance/restriction of all high

protein foods such as:

! meat, chicken, fish, eggs, cheese derived from animal
milk (cow, goat, sheep).

! nuts, seeds, quinoa, wheat, oats, rye, barley.
! foods made from Quorn™ (a meat substitute made

from protein of fungal origin).
! soya, tempeh, pulses/lentils.
! gelatin and plant algae such as spirulina.
! aspartame (sweetener).

The difference between phenylalanine and
natural protein
Phenylalanine is an amino acid found in natural protein.
Different foods contain different amounts of phenylalan-
ine. In animal (e.g. meat, fish, milk and eggs) and cereal
protein sources (e.g. wheat flour and breakfast cereal),
usually the amount of food that is calculated to provide
1 g protein will supply approximately 50 mg phenylalan-
ine. Animal and cereal proteins contain around 5%
phenylalanine. This means that the phenylalanine con-
tent of these foods can be estimated from the food protein
labelling, without knowing the phenylalanine content.
However, fruits and vegetables usually contain a lower

and more variable phenylalanine content, between 20 to
40mg/per 1 g protein. Consequently the phenylalanine
content of fruit and vegetables cannot be calculated accur-
ately from the food nutritional analysis label on a packet/
container that only declares the protein content. The pro-
tein content may give the impression these foods are
higher in phenylalanine than they are (exceptions include
spinach, peas, seaweed, kale and sweetcorn which have a
higher phenylalanine/protein ratio).
Many fruits and vegetables have been analysed specif-

ically for their phenylalanine content [2–4].

Phenylalanine tolerance
Phenylalanine tolerance is the amount of phenylalanine that
can be eaten by an individual with PKU whilst maintaining
blood phenylalanine concentrations within the target treat-
ment range. Target blood phenylalanine ranges are: 120 to
360 μmol/L for children up to the age of 12 years of age
and women on a pre-conception diet or pregnancy; and
120 to 600 μmol/L for patients ≥12 years of age.
The amount of dietary phenylalanine tolerated will vary

between individuals depending on the severity of each
person’s PKU (people with mild or moderate PKU will tol-
erate more protein), the dosage, adherence and daily dis-
tribution of protein substitute, or if the drug therapy,
sapropterin or Pegvaliase for (patients ≥16 of age) is part
of the treatment regimen. It is also influenced by growth,

pregnancy, and catabolic state during illness. Most
patients on diet treatment tolerate less than 500 mg/
day phenylalanine [5]. It is expected that patients
who are responsive to sapropterin should at least
double their phenylalanine tolerance or tolerate a
safe level of protein intake as defined by the WHO/
FAO/UNU 2007 [6, 7].

Establishing maximum phenylalanine tolerance
Initial phenylalanine tolerance is established in early
infancy, with the amount of breast milk or standard
infant formula being titrated with the blood phenyl-
alanine levels. After this time, phenylalanine intake is
commonly only adjusted (increased/decreased) if
blood phenylalanine levels are consistently outside the
target range.
In practice, it is better for individuals if their phenyl-

alanine is maximized according to individual tolerance.
The more phenylalanine that is tolerated, the more ac-
ceptable the diet will be, and it will ease the practical
and social burden that the diet demands. Additionally,
more natural protein will bring nutritional benefits.
Physiologically, natural nutrients are more likely to be
more efficiently utilized.
There is evidence to suggest that some individuals

with PKU may tolerate more phenylalanine than they
have been prescribed by their health professionals [8–
10]. The only way that this can be tested is to systemat-
ically challenge individuals with additional phenylalan-
ine. It is particularly important that patients fully adhere
with their prescribed dose of protein substitute as this
will help stimulate protein synthesis.
If blood phenylalanine levels are consistently main-

tained within the lower half of target blood phenyl-
alanine levels for at least 3 months (i.e. 120 to
240 μmol/L in children up to 12 years of age and 120
to 360 μmol/L if aged ≥12), an increase of phenylalan-
ine intake by an additional 50 mg/day (approx. 1 g
natural protein) should be considered. If blood
phenylalanine levels remain within the lower half of
the target blood phenylalanine range for a further 3
consecutive blood phenylalanine levels, consideration
should be given to repeating this process.
If blood phenylalanine levels increase above target

range, then additional phenylalanine should be removed,
and the patients should return to the original prescribed
amount of phenylalanine.
These dietary changes should always be done under

the supervision of a metabolic dietitian or physician.

Phenylalanine allocation in the diet
All individuals with PKU should be allocated a daily allow-
ance of phenylalanine according to their individual toler-
ance. This enables individuals to maintain a consistent

MacDonald et al. Orphanet Journal of Rare Diseases          (2020) 15:171 Page 2 of 21


