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NUTRITIONAL CONTENTS OF LOW PHENYLALANINE DIETS:
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ABSTRACT
Increased interest in the utilization of nutrition management of patients with phenylketonuria is clear. Applications include a
small measured amount of phenylalanine given in the form of exchange food, phenylalanine-free protein substitute and low
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patients, phenylalanine foods. In this article, the essential nutritional contents of low phenylalanine diets and the latest techniques and
aspartame, procedures used for creating several types of low phenylalanine diets from different food sources for persons with phenylketonuria
diet are reviewed. The principles of these methods are described. Most of the techniques and procedures employed to remove Phe from

the protein hydrolysate are based on the liberation of the amino acid using enzymatic hydrolysis. Free Phe is then removed via
adsorption. Therefore, knowing the phenylalanine (Phe) content of foods as well as principles of procedures and techniques used
for creating low Phe diets is very important for managing the diet of patients with phenylketonuria. Allowed foods and foods that
should be avoided by persons with phenylketonuria are mentioned. Low Phe cereal based foods (i. e. toast bread, pasta, shamy
bread, pan bread and rice) and dairy based foods are also considered. The US FDA regulation of aspartame labeling is also stated.
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K/IIOYEBBIE CJIOBA: AHHOTALISA

(eHunkemonypusl, [TOBBILIEHHBI MHTEPEC K MPUMEHEHUIO YIIPaBIeHMs MATAHKEM MAIVIeHTOB ¢ GeHMIKeTOHYpuelt oueBuaeH. [IpumMepsl uc-
(eHunanau, MO/Tb30BaHMSI BKJIIOYAIOT HeGobIye onpesieleHHble KomuecTBa (GeHIasaHHa, IIOCTYNaoNlero B Byie «06MeHHbIX» M-
nayuexmeol, 1IeBbIX IPOYKTOB, He coflepykallyto (heHIaIaHKH 6eKOBYIO 3aMeHY U MulieBble IIPOAYKTHI C HUSKUM cofepkaHyueM deHu-
acnapmanm, JlayaHKHA. B maHHOI cTaThe coenaH 0630p comepykaHysl BaKHBIX KOMIIOHEHTOB AMET C HU3KMM CofiepkaHyeM deHIanaHHa
duema 1 CAMBbIX COBPEMEHHbBIX METOZ0B U MTPOLELyD, MCIIOIb3yeMbIX JISI CO3IaHMSI HECKOIbKUX BUIOB IMET C HU3KMM COZlepsKaHueM

eHnmanaHuHa U3 pasIMUHBIX MUIEBBIX UCTOYHUKOB IJIst JIUIL ¢ (peHMIKeTOHypueit. OmmMcaHbl MPUHIUIIBI TUX METOJO0B.
BOJIBIIMHCTBO METOZOB ¥ MPOLEAYP, MPUMeHsIeMbIX Jist yaaneHus: Phe n3 6eKoBOro ruaponnsara, OCHOBAHO Ha BBICBO-
GOKIEHNM aMUHOKMCIOTHI, UCITOMb3ysl (pepMeHTaTUBHBIN ruaponn3. CBOOGOAHBI Phe 3aTem ymassieTcst myTeM agcopOumn.
Takum 06pa3oM, 3HaHMEe cofepKkaHus GeHWIaTaHMHaA B MUIIEBbIX MPOAYKTAX, a TAK)Ke MPUHIUIIOB METOLOB U IPOLeyD,
MPUMEHSIEMBIX /IS CO3LAHMS AVET C HU3KUM cofepkaHueM GeHnIalaHHa, O4YeHb BaXKHO JIJIs1 YIIpaBJIeHUs IMeTO /1S Ta-
LMEHTOB ¢ heHmnIKeToOHypueii. [lepeuncieHbl pa3pelieHHbIe MAIIEeBbIe TPOAYKTHI U IPOAYKTHI, YIIOTPeOIeHNsI KOTOPBIX Clie-
nyeT usberartpb naiyeHTam ¢ heHmIkeToHypueii. Takke pacCMOTPEeHbI IUILEBbIe MPOAYKThI HA OCHOBE 3€PHOBBIX (T. €. XJ1e6
IIJISI TOCTOB, MaKapoOHHbIe U3/eusl, T1Ta, GOpMOBOIt X/1e6 1 PUC) ¥ MOTOUHBIE TIPOAYKTHI. Takske COOOIIAeTCsI O peryImpoBa-

Huu US FDA MapKkmupoBKM acriaprama.

1. Introduction

Phenylketonuria (PKU) disorder is caused by deficiency of phenylala-
nine hydroxylase (PAH, EC1.14.16.1) enzyme required to break down an
amino acid called phenylalanine (Phe) and consequently leads to accu-
mulation of Phe (Figure 1) in organs and blood of patients [1,2,3]. The
prevalence of PKU in the world is 1:10,000 [1], while the incidence rate of
PKU is 1:125,000 in Japan [4], 1:7,500 in Egypt [5,6], 1:116,006 in Philip-
pines [7], 1:223,735 in Thailand [8], 1:83,333 in Singapore [9], 1:15,924 in
China [10] and 1:4,500 in Ireland and Western Scotland [11]. Van Calcar
and Ney [12] described the PKU symptoms as follows: an off-odor, ner-
vous system problems, intellectual disability, delayed development, so-
cial and mental problems. For seven decades, the world has depended on
the healing power of medical foods (i. e. food formulations intended for
dietary management of PKU patients). The nutritional, biochemical and
clinical follow-up of persons with PKU requires inspection of the body
mass index, nutrient deficiency signs, intake of nutrients and biomarkers
[13]. Zaky et al. [14] reported that early diagnosis of phenylketonuria and
the use of a Phe-restricted diet lead to avoiding growth problems. A Phe-
restricted diet is a phenylalanine-free amino acid containing formula en-
riched with minerals, vitamins, fatty acids and tyrosine [15].

FOR CITATION: Ammar, A. S. M. (2023). Nutritional contents of low phe-
nylalanine diets: A mini review. Food Systems, 6(3), 279-282. https://doi.
0rg/10.21323/2618-9771-2023-6-3-279-282

The nutritional treatment for PKU depends on decreasing protein in-
gestion and reducing Phe supply to cover the minimum dietary intakes of
PKU persons [16]. Children with PKU can tolerate up to 500 mg Phe per
day [1, 17]. PKU persons who eat diets that contain protein or aspartame
(an artificial sweetener composed of phenylalanine and aspartic acid) may
have health problems. Therefore, these persons need to follow free or low
Phe diets. Yaseen and Shouk [18] stated that diets low in Phe contain one
of the following three parts: a small measured amount of phenylalanine
given in the form of exchange food, protein substitute that includes all
non-phenylalanine amino acids (i. e. amino acids powder, liquid, tablets,
bars and capsules) and low phenylalanine foods (Figure 2) that can be
eaten without restriction (i. e. jams, jellies, honey, sugar, vegetable oil,
butter, spices, starches and aspartame free drinks). On the other hand,
foods containing a high percentage of Phe must be avoided. Such foods
include meat and meat products, milk and milk products, legumes and
legume products, cereals and cereal products. MacDonald et al. [19] sug-
gested that fruits and vegetables containing 51-75 mg Phe/100 g cause
no problem for persons with PKU. Guimaraes and Lanfer-Marquez [20]
found some dried soups low in Phe that can potentially be used as food
choice for persons with phenylketonuria.

O UUTUPOBAHUSA: Ammap, A. C. M. (2023). IInmieBasi LIeHHOCTh JUET
C HU3KMM copepkaHyeM (eHmiasannHa: MUHU-0630p. [Tuwjessie cucmemsl, 6(3),
279-282. https://doi.org/10.21323/2618-9771-2023-6-3-279-282
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Figure 1. Metabolism of phenylalanine in phenylketonuria patients
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Figure 2. Food hierarchy for PKU patients

PucyHoK 2. Mepapxusi IMILEBBIX MPOAYKTOB y NALMEHTOB ¢ (peHMIKeTOHypueit

Many researchers have designed a lot of low phenylalanine diets by se-
lecting different ingredients low in protein, i. e. gums, starch, cellulose de-
rivatives. Ozboy [21] used corn starch, emulsifier, xanthan and carrageenan
for preparing low phenylalanine corn starch-gum bread for PKU persons.
On the other hand, these diets may be of low sensory quality, expensive,
deficient in some important nutrients and have short shelf life [22]. Based
on the above-mentioned considerations, this article briefly reviews the nu-
tritional contents of PKU diets from either cereal or dairy based foods, and
procedures and techniques used for creating low Phe diets.

2. Low phenylalanine cereal based products preparation

Gluten accounts for 85% of wheat proteins and is composed of glia-
din and glutenin fractions. Gliadin fraction is rich in phenylalanine. The
separation of gliadin from wheat flour leads to reduction of the Phe con-
tent by 43.2% in the final product compared to the control [23]. Gliadin
was separated (de-gliadin) using propanol to reduce the phenylalanine
content in bread and pasta [11]. Table 1 summarizes formulas of low phe-
nylalanine cereal based products such as pan bread, toast bread, Egyptian
shamy bread, pasta and low Phe rice.

Table 1. Formulas of low phenylalanine cereal based products
Ta6nuua 1. PenenTypsl MPOAYKTOB HAa OCHOBE 3€PHOBBIX C HU3KMUM cofiepkaHueM (eHMIaIaHuHA

Ingredients

Wheat flour (72%), corn starch, pectin, carboxymethyl cellulose (CMC), yeast, NaCl and water

Wheat flour (72%), corn starch, pectin, CMC and water

Low protein flour (1st break wheat flour), corn starch, pectin, CMC, yeast, NaCl and water

Gliadin-free wheat flour, pectin, Arabic gum or CMC, yeast, NaCl and water
De-gliadin wheat flour, pectin, CMC, Arabic gum and water

Rice

Food products References
Pan bread [24]
Pasta [25]
Egyptian shamy bread [18]
Toast bread [23]
Pasta [11]
Low Phe rice [26]
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Low phenylalanine dairy based products preparation
Also, many researchers have prepared low phenylalanine dairy prod-

ucts for PKU people as shown in Table 2. Silva et al. [16] employed an
immobilization technique using papain and pancreatin enzymes on ac-
tivated carbon and alumina to produce low Phe whey for PKU patients.
Hassanpour et al. [27] produced low Phe milk formula that imitates hu-
man milk for phenylketonuria infants. The produced milk formula con-
tained suitable amounts of essential amino acids and vitamins.

Table 2. Low phenylalanine dairy products

Ta6nuiia 2. Mo/rouHbIe IPOAYKTHI C HU3KUM cofepskaHueM pennnananmHa

Ingredients Dairy products  References
Whey hydrolysate Low Phe whey [16, 28]
Whey protein glycomacropeptide (GMP) Low Phe whey [12,29]
Milk formula Low Phe milk [27]
Skim milk hydrolysate Low Phe skim milk [30]
4. Procedures and techniques used for creating

low phenylalanine diets and foods
Several techniques and procedures were used by many researchers to

create different types of PKU diets. Most of the procedures employed to
remove Phe from protein hydrolysate are based on the liberation of the
amino acid via enzymatic hydrolysis. Liberated Phe is then removed using

De-gliadin wheat flour
Low protein flour

Low Phe whey hydrolysate
Low Phe whey hydrolysate
Low Phe whey protein
Low Phe milk

Low Phe beans

Low Phe rice

Low Phe skim milk

~

10.

11.

activated carbon or resin (adsorption) or by gel filtration. The procedures
and techniques are presented in Table 3.

5. Regulations

The incidence of PKU varies across the world and PKU management

differs widely from country to country. In addition, the nutritional status
of patients is different depending on the severity of PKU and treatment
type [13,32]. The same authors suggested that European guidelines based
on the Appraisal of Guidelines for Research and Evaluation (AGREE) and
Scottish Intercollegiate Guidelines Network (SIGN) procedures must be
used as PKU management in all European Union countries. In the USA,
the US FDA [33] is involved in the regulation of aspartame (composed of
phenylalanine and aspartic acid). Aspartame is used as a sweet tasting
substance, which is 180 times as sweet as sucrose. The package labeling
and other labeling must contain precautions statement for phenylketon-
urics: Contains Phenylalanine.

6. Conclusion

The above findings may be useful for nutritionists, dietitians and phy-

sicians in knowing, preparing, designing and nutrition management of
patients with phenylketonuria. This review offers various food choices for
persons with phenylketonuria and several procedures and techniques for
creating diets low in Phe. In the coming decade, efforts and studies must
be continued to find more food choices and procedures to prepare foods
for phenylketonurics.

Table 3. Procedures and techniques used for creating low phenylalanine diets and foods
Ta6muua 3. [Ipoueaypsl M METOAbI, VICIIO/Ib3yeMble ISl CO3AaHMs PAallMOHOB U NMNIIEBBIX IIPOAYKTOB C HU3KUM copepkaHueM deHmnamIaHuHa

Food or food ingredients Procedure

1st break flour using flour mills

Papain and activated carbon

Extraction of gliadin using 55% (v/v) 1-propanol at room temperature

Enzymatic hydrolysis and resin adsorbent

Enzyme immobilization technology and activated carbon
Whey protein glycomacropeptide (GMP)

Formulation (human milk analogue)

A protease and activated carbon as Phe adsorbent

Papain and pepsin, and activated carbon

References
(23]
[25]
(28]
[16]
[12]
[27]
[31]
[26]
[30]
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