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Overview
Glycomacropeptide (GMP)-based protein substitutes have been rated as more palatable and acceptable than 
amino acid (AA) - based protein substitutes in regard to taste, odour, appearance, and texture[1-6]. Teenagers 
and adults with phenylketonuria (PKU) and their dietitians have said that inclusion of GMP is associated with 
improved adherence to protein substitute[2]. All GMP-based protein substitutes contain a small amount of residual 
phenylalanine (Phe)[7,8].

PKU sphere® is Vitaflo’s innovative GMP-based protein substitute. Extensive research has been conducted during the 
development of PKU sphere, and this evidence summary seeks to summarise and collate the findings.

A pilot study demonstrated that the ratio of amino acids added to a GMP-based protein substitute can 
significantly influence blood Phe concentration in children with good metabolic control[9]. This evidence 
informed the formulation to ensure optimisation of the GMP and AA blend for PKU sphere[10]. 

With an optimal formulation identified, a 3-year prospective, longitudinal, parallel, controlled study was 
conducted to evaluate PKU sphere compared to AA-based protein substitutes. PKU sphere is the only 
GMP-based protein substitute to be evaluated in a long-term, prospective, controlled clinical trial in children 
and teenagers with PKU[11] and clinical findings include:

• With careful dietary management, all participants maintained blood Phe levels within their target   
 range[10].

• Approximately 50% (n=14) of participants were able to transition to PKU sphere to provide 100% of their   
 daily protein substitute requirement[10].

• PKU sphere was preferred by the majority of participants and good adherence was demonstrated[10].

• There was a trend towards improved growth and body composition in children consuming PKU   
 sphere long-term as their sole source of protein substitute[11].

• Long-term PKU sphere consumption supports normal bone growth in children and teenagers with PKU[12].
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Background1

Protein substitutes are essential for effective dietary management of PKU[7]. They allow Phe to be restricted, whilst providing 
essential and non-essential AAs in sufficient levels to enable normal physiological functions[7]. The AA composition, 
distribution, timing, and quantity of protein equivalent (PE) consumed per body weight contribute to their ability to achieve 
anabolism, growth and blood Phe control[8, 13].

Since the 1980’s, protein substitutes for PKU have been based on synthetic Phe-free AA mixtures and their nutritional 
formulation and presentation have improved over time[13]. Much of the clinical evidence relating to the dietary management of 
PKU to date has been based on AA-based protein substitutes and data suggests that they are safe and efficacious[13].

Since 2008 GMP has been used as an ingredient in commercial protein substitutes for the dietary management of PKU[7]. 
Physical and functional properties have been attributed to GMP’s unique chemical structure[14]. 

protein absorption and 
utilisation [4,21,31,32]

dental health [14,28-30]

enhanced absorption or bioavailability 
of specific micronutrients [10, 27]

reduction of Phe in the brain [23-26]

perceived breath malodour [2, 22]blood Phe variability [21]

bone health [12]growth and body composition [11]

less constipation and abdominal 
discomfort [2,14,17-20]

adherence to protein substitute 
recommendations [1,2,16]

Increasing evidence suggests GMP could offer benefits for:

GMP is associated with improved palatability including taste, aftertaste, smell and mouthfeel,  
when compared to AA-based protein substitutes [1-6,8,15,16].

Further information can be found in A practical guide to PKU sphere

GMP is derived from a natural protein source and formed during the cheese making process. To be suitable for the use in 
PKU, GMP must be isolated, passed through a fractionation process and then further purified[33-35]. After this processing, the 
GMP contains very low amounts of Phe, making it an appealing ingredient for protein substitutes designed for PKU[36,-37].  
GMP also contains very low quantities of the AAs arginine, methionine, histidine, tryptophan and tyrosine and high amounts 
of threonine and isoleucine[38]. GMP requires AA supplementation in order to have an AA profile which meets at least the 
World Health Organisation (WHO) requirements of essential AAs[9,10,39]. 
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Prior to the development of PKU sphere, any published, interventional studies on GMP-based protein substitutes had been of 
short duration and included mainly adult participants, with a small number of children from the age of 11 years[9, 40]. During the 
concept, design, and evaluation of PKU sphere Vitaflo collaborated with leading UK dietitians. It was agreed that the optimal 
amount and ratio of additional AAs added to GMP-based protein substitutes required clinical evaluation as previous research 
had not established the impact on blood Phe and tyrosine levels in a cohort of children with PKU[9]. 

PKU sphere (Vitaflo’s first GMP-based protein substitute for PKU) was launched in 2017 and is the only GMP-based protein 
substitute which has been evaluated over a long-term (3 years) in children and teenagers[11,12]. PKU sphere, has been carefully 
formulated to ensure it meets or exceeds WHO requirements of essential AAs/g of PE[10].

Table 1. WHO Amino acid requirements[39] 

                          WHO requirements mg/g PE  PKU sphere 
 Essential     AA profile   
 amino acid 3 - 10 11 - 14 15 - 18 >18 mg/gPE 
  years years years  years   

 histidine 16 16 16 15 36

 isoleucine 31 30 30 30 73

 leucine 61 60 60 59 154

 lysine 48 48 47 45 49

 methionine & cysteine 24 23 23 22 27

 phenylalanine & tyrosine 41 41 40 38 117

 threonine 25 25 24 23 117

 tryptophan 6.6 6.5 6.3 6.0 21

 valine 40 40 40 39 58
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21 children aged 6-16 years completed a pilot trial over a 6 month trial period[9].

The first product, GMP-AA1, was trialled for 6 months. In subjects consuming GMP-AA1 a rise in blood Phe, within age 
appropriate target range, was observed. Every patient taking GMP-AA1 wished to continue and reported improved palatability 
compared to their previous protein substitute. This prompted modifications to the amino acid profile [9,10] aiming to limit the 
rise in blood Phe levels. 

A revised formulation (GMP-AA2), with increased tyrosine, and large neutral amino acids (LNAAs), was further trialled in 48 
children with PKU for 12 months in total [10]. GMP-AA2 later became known as PKU sphere. 

To assess the efficacy, acceptability, and tolerance of a new GMP-based protein substitute for PKU, which was a combination 
of GMP and AAs (GMP-AA), a pilot study was conducted to assess the impact on blood Phe control in children with PKU and 
compare with a control group who consumed their usual AA-based protein substitutes[9].

Formulation development and pilot study2

9 chose to continue their usual  
AA-based protein substitutes  

(control group).

12 chose to take GMP-AA (study 
product)

- Gradually and systematically  
 replaced AA-based protein  
 substitutes with GMP-AA.

- GMP was titrated dependent  
 on blood Phe concentrations  
 and a combination of GMP-AA  
 and AA-based protein  
 substitutes was maintained  
 if the subject’s blood Phe  
 increased above their  
 target treatment range.

Inclusion criteria included:

- Diagnosed on new-born  
 screening

- Good adherence (achieved  
 70% of blood Phe  
 concentrations within  
 their age-related target range) 

- Not treated with sapropterin  
 dihydrochloride.

Baseline: All 21 subjects took AA-based protein substitutes.

Table 2. Summarising study product modification and change in blood Phe and tyrosine levels[10].

 GMP-AA1 GMP-AA2 (PKU sphere) 
 Amino acid profile based Increased tyrosine and large 
 on WHO requirements neutral amino acid content 
 
Average % of total protein  50% 75% 
substitute from study product 

Amount of Phe provided by  45 68 
study product (mg/day) 

Blood Phe compared  
↑ =

 
to pre-study 

Blood tyrosine compared 
= ↑

 
to pre-study   

Compared with pre-study, average blood Phe increased significantly with GMP-AA1 (from 275µmol/L to 317µmol/L P = 0.02) 
but did not reach significance with PKU sphere (270µmol/L to 300µmol/L P = 0.06) at 26 weeks. Average percentage of total 
PE which could be consumed as GMP study product whilst maintaining blood Phe concentrations in target range increased 
from 50% with GMP-AA1 to 75% with PKU sphere[9,10]. This identified that the ratio of AA per g PE and amount of LNAA 
contained in GMP-AA protein substitute formulation appear to have an important impact on metabolic control[10] and to meet 
amino acid requirements.

↑ increased, = no significant difference



4

3

Informed by the findings from the pilot study, the long-term efficacy of GMP-AA2 (PKU sphere) compared to AA protein 
substitutes was examined using a prospective, longitudinal, parallel, controlled study over 36 months[11,12].

29 chose to take GMP-AA2 (PKU sphere) 19 chose to continue their usual AA-based 
protein substitutes (control group)

[10] Daly et al. Glycomacropeptide: 
long-term use and impact on 
blood phenylalanine, growth and 
nutritional status in children with PKU. 
Orphanet Journal of Rare Diseases. 
2019;14(1):44.

Baseline: All 48 subjects (aged 5-16 years) took AA-based protein substitutes

Long-term clinical trial to investigate efficacy

Outcome and Key findings

Product intake,  acceptance, and adherence

Approximately 50% of children were able to transition to PKU sphere to 
provide 100% of daily protein equivalent requirement[10].

On average children took 75% of their daily protein equivalent 
requirement from PKU sphere without adjustment of dietary Phe intake[10].

PKU sphere was the preferred choice of protein substitute for the 
majority of children and teenagers on the study (n=29/48)[10].

The study demonstrated good adherence to protein substitute in both 
AA-based and GMP-AA-based (PKU sphere) groups[10].

Blood Phe and tyrosine

No significant differences in median blood phenylalanine and tyrosine 
between those taking AA-based protein substitutes and PKU sphere. All 
children in all groups achieved their median blood Phe levels with the 
target treatment range for their age[10], and this was maintained over 3 
years [11].

Biochemical nutritional status

All nutritional markers remained within the reference range when 
comparing baseline to 26-week markers except for vitamin B12 which 
was higher than the reference range at week 26 in both groups [10]. 
Whole blood and plasma selenium were significantly higher at week 26 
in the PKU sphere group compared to AA with average values within the 
reference ranges [10]. It was suggested by the author that the bioactive 
antioxidant properties of GMP may enhance absorption or bioavailability 
of selenium provided by GMP-based protein substitutes.

Reference source
[10]Daly et al. Glycomacropeptide: 
long-term use and impact on blood 
phenylalanine, growth and nutritional 
status in children with PKU. Orphanet 
Journal of Rare Diseases. 2019;14(1):44.

[10]Daly et al. Glycomacropeptide: 
long-term use and impact on 
blood phenylalanine, growth and 
nutritional status in children with PKU. 
Orphanet Journal of Rare Diseases. 
2019;14(1):44.

[11] Daly et al. Growth and Body 
Composition in PKU Children—A Three-
Year Prospective Study Comparing 
the Effects of L-Amino Acid to 
Glycomacropeptide Protein Substitutes 
Nutrients. 2021;13[4]:1323.
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Growth and body composition

A trend towards improved growth and body composition was observed 
in children consuming PKU sphere long-term as their sole source of 
protein substitute when compared to children consuming AA or a 
combination of both AA and GMP when studied prospectively for 3 
years[11].

Bone status

Long-term assessment of bone health parameters (bone mass density, 
geometry and bone blood and urine biomarkers) were compared 
at baseline and between the study groups taking AA-based protein 
substitutes and PKU sphere.

In the most comprehensive assessment of bone health in children with 
PKU, it was found that children and teenagers with good metabolic 
control were found to have bone density in the normal reference range.

Long term consumption of both PKU sphere and AA-based protein 
substitute support normal bone growth[12].

[11] Daly et al. Growth and Body 
Composition in PKU Children— 
A Three-Year Prospective Study 
Comparing the Effects of L-Amino 
Acid to Glycomacropeptide 
Protein Substitutes. Nutrients. 
2021;13(4):1323.

[12] Daly et al. A Three-Year Longitudinal 
Study Comparing Bone Mass, Density, 
and Geometry Measured by DXA, 
pQCT, and Bone Turnover Markers in 
Children with PKU Taking L-Amino 
Acid or Glycomacropeptide Protein 
Substitutes. Nutrients. 2021;13.

4

Longitudinal, and systematic research was conducted as part of the development of PKU sphere. A pilot trial led to 
optimisation of GMP and AA formulation[9]. PKU sphere’s interventional clinical trial has been the most extensive to be 
conducted on GMP-based compared to AA-based protein substitutes in PKU, and the first to include a cohort of children. The 
trial demonstrated PKU sphere to be a palatable and efficacious protein substitute for the dietary management of PKU which 
was well tolerated[10-12]. 

This research, and subsequent publications, have increased the knowledge and evidence available for GMP-based protein 
substitutes particularly in relation to the influence on metabolic control, biochemical status, growth, body composition and 
bone status in children with PKU [9-12,22,32,41]. A practical guide to PKU sphere was developed to share clinical experience from 
the clinical trial with healthcare professionals and is regularly updated. 

Vitaflo remains committed to supporting research and researchers to develop innovative products for dietary management.

Summary



6

References5

1. Proserpio C, Pagliarini E, Zuvadelli J, Paci S, Re Dionigi A, Banderali G, et al. Exploring Drivers of Liking of Low- 
 Phenylalanine Products in Subjects with Phenyilketonuria Using Check-All-That-Apply Method. Nutrients.   
 2018;10(9):1179. 

2. Wilson R. Insight into PKU sphere - a GMP-based protein substitute. Complete Nutrition. 2021:31-3. 

3. Lim K, van Calcar SC, Nelson KL, Gleason ST, Ney DM. Acceptable low-phenylalanine foods and beverages can be made  
 with glycomacropeptide from cheese whey for individuals with PKU. Molecular genetics and metabolism.  
 2007;92(1):176-8. 

4. van Calcar SC, MacLeod EL, Gleason ST, Etzel MR, Clayton MK, Wolff JA, et al. Improved nutritional management of  
 phenylketonuria by using a diet containing glycomacropeptide compared with amino acids. The American Journal of  
 Clinical Nutrition. 2009;89(4):1068-77. 

5. Ellerton C, Freedman F, Kaalund Hansen K, Churchill H, Aitkenhead L, Murphy E, Lachmann R., editor Review of adults with  
 PKU returning to diet. British Inherited Metabolic Disease Group Annual Conference; 2019; Cambridge. 

6. van Calcar SC, Johnson E, Coode RE., editor Evaluation of acceptability, tolerance, and metabolic control of patients with  
 Phenylketonuria consuming PKU sphere. Genetic Metabolic Dietitians International; 2022; Las Vegas, USA. 

7. MacDonald A, van Wegberg A, Ahring K, Beblo S, Bélanger-Quintana A, Burlina A, et al. PKU dietary handbook to   
 accompany PKU guidelines. Orphanet Journal of Rare Diseases. 2020;15(1):1-21. 

8. Daly A, Evans S, Pinto A, Ashmore C, MacDonald A. Protein Substitutes in PKU; Their Historical Evolution. Nutrients.  
 2021;13(2):484. 

9. Daly A, Evans S, Chahal S, Santra S, MacDonald A. Glycomacropeptide in children with phenylketonuria: does its   
 phenylalanine content affect blood phenylalanine control? J Hum Nutr Diet. 2017;30(4):515-23. 

10. Daly A, Evans S, Chahal S, Santra S, Pinto A, Jackson R, et al. Glycomacropeptide: long-term use and impact on blood  
 phenylalanine, growth and nutritional status in children with PKU. Orphanet Journal of Rare Diseases. 2019;14(1):44. 

11. Daly A, Högler W, Crabtree N, Shaw N, Evans S, Pinto A, et al. Growth and Body Composition in PKU Children—A Three- 
 Year Prospective Study Comparing the Effects of L-Amino Acid to Glycomacropeptide Protein Substitutes. Nutrients.  
 2021;13(4):1323. 

12. Daly A  HW, Crabtree N, Shaw N, Evans S, Pinto A,  et al. A Three-Year Longitudinal Study Comparing Bone Mass,  
 Density, and Geometry Measured by DXA, pQCT, and Bone Turnover Markers in Children with PKU Taking L-Amino Acid or  
 Glycomacropeptide Protein Substitutes. Nutrients. 2021;13. 

13. van Wegberg AMJ, MacDonald A, Ahring K, Bélanger-Quintana A, Blau N, Bosch AM, et al. The complete European  
 guidelines on phenylketonuria: diagnosis and treatment. Orphanet Journal of Rare Diseases. 2017;12(1):1 - 56. 

14. Córdova-Dávalos LE, Jiménez M, Salinas E. Glycomacropeptide bioactivity and health: A review highlighting action  
 mechanisms and signaling pathways. Nutrients. 2019;11(3):598. 15. Zaki OK, El-Wakeel L, Ebeid Y, Ez Elarab HS,  
 Moustafa A, Abdulazim N, et al. The Use of Glycomacropeptide in Dietary Management of Phenylketonuria. Journal of  
 Nutrition and Metabolism. 2016;2016:1-5.

15  Zaki OK, El-Wakeel L, Ebeid Y, Ez Elarab HS, Moustafa A, Abdulazim N, et al. The Use of Glycomacropeptide in Dietary  
 Management of Phenylketonuria. Journal of Nutrition and Metabolism. 2016;2016:1-5. 

16.  Pena MJ, Pinto A, de Almeida MF, de Sousa Barbosa C, Ramos PC, Rocha S, et al. Continuous use of glycomacropeptide  
 in the nutritional management of patients with phenylketonuria: a clinical perspective. Orphanet Journal of Rare Diseases.  
 2021;16(1):1-10.

17. Daly A, Evans S, Pinto A, Ashmore C, MacDonald A. Casein Glycomacropeptide: An Alternative Protein Substitute in  
 Tyrosinemia Type I. Nutrients. 2021;13(9):3224.

18.  Ortega-González M, Capitán-Cañadas F, Requena P, Ocón B, Romero-Calvo I, Aranda C, et al. Validation of bovine  
 glycomacropeptide as an intestinal anti-inflammatory nutraceutical in the lymphocyte-transfer model of colitis. British  
 journal of nutrition. 2014;111(7):1202-12.

19.  Ntemiri A, Chonchuir FN, O’Callaghan TF, Stanton C, Ross RP, O’Toole PW. Glycomacropeptide Sustains Microbiota  
 Diversity and Promotes Specific Taxa in an Artificial Colon Model of Elderly Gut Microbiota. Journal of Agricultural and  
 Food Chemistry. 2017;65(8):1836-46.

20.  Sawin E, Aktas B, DeWolfe T, Stroup B, Murali S, Steele J, et al. Glycomacropeptide Shows Prebiotic and Immune  
 Modulating Properties in Phenylketonuria and Wild Type Mice. The FASEB Journal. 2015;29(1 Supplement).

21.  Daly A, Evans S, Chahal S, Santra S, Pinto A, Gingell C, et al. The Effect of Glycomacropeptide versus Amino Acids  
 on Phenylalanine and Tyrosine Variability over 24 Hours in Children with PKU: A Randomized Controlled Trial. Nutrients.  
 2019;11(3):520.



7

22.  Tiele A, Daly A, Hattersley J, Pinto A, Evans S, Ashmore C, et al. Investigation of paediatric PKU breath malodour,  
 comparing glycomacropeptide with phenylalanine free L-amino acid supplements. Journal of Breath Research.  
 2019;14(1):016001.            

23. van Spronsen FJ, de Groot MJ, Hoeksma M, Reijngoud DJ, van Rijn M. Large neutral amino acids in the treatment of PKU:  
 from theory to practice. J Inherit Metab Dis. 2010;33(6):671-6.

24.  Pietz J, Kreis R, Rupp A, Mayatepek E, Boesch C, Bremer HJ. Large neutral amino acids block phenylalanine transport into  
 brain tissue in patients with phenylketonuria. The Journal of Clinical Investigation. 1999;103(8):1169-78.

25.  Ney DM, Hull AK, van Calcar SC, Liu X, Etzel MR. Dietary glycomacropeptide supports growth and reduces the  
 concentrations of phenylalanine in plasma and brain in a murine model of phenylketonuria. The Journal of Nutrition.  
 2008;138(2):316-22.

26.  Ahring KK, Dagnæs-Hansen F, Brüel A, Christensen M, Jensen E, Jensen TG, et al. The effect of casein glycomacropeptide  
 versus free synthetic amino acids for early treatment of phenylketonuria in a mice model. PloS one.  
 2022;17(1):e0261150.

27.  Kelleher SL, Chatterton D, Nielsen K, Lönnerdal B. Glycomacropeptide and α-lactalbumin supplementation of infant  
 formula affects growth and nutritional status in infant rhesus monkeys. The American journal of clinical nutrition.  
 2003;77(5):1261-8.

28.  White A, Gracia L, Barbour M. Inhibition of dental erosion by casein and casein-derived proteins. Caries research.  
 2010;45(1):13-20.

29.  Aimutis WR. Bioactive properties of milk proteins with particular focus on anticariogenesis. The Journal of Nutrition.  
 2004;134(4):989S-95S.

30.  Brody EP. Biological activities of bovine glycomacropeptide. Br J Nutr. 2000;84 Suppl 1:S39-46.

31.  Ahring KK, Lund AM, Jensen E, Jensen TG, Brøndum-Nielsen K, Pedersen M, et al. Comparison of Glycomacropeptide  
 with Phenylalanine Free-Synthetic Amino Acids in Test Meals to PKU Patients: No Significant Differences in Biomarkers,  
 Including Plasma Phe Levels. Journal of Nutrition and Metabolism. 2018;2018.

32. Daly A, Evans S, Pinto A, Jackson R, Ashmore C, Rocha JC, et al. Preliminary Investigation to Review If a  
 Glycomacropeptide Compared to L-Amino Acid Protein Substitute Alters the Pre-and Postprandial Amino Acid Profile in  
 Children with Phenylketonuria. Nutrients. 2020;12(8):2443.

33.  Doultani S, Turhan K, Etzel M. Whey Protein Isolate and Glyco macropeptide Recovery from Whey Using Ion Exchange  
 Chromatography. Journal of Food Science. 2003;68(4):1389-95.

34.  Etzel MR. Manufacture and use of dairy protein fractions. Journal of Nutrition. 2004;134(4):996s-1002s.

35.  Neelima, Sharma R, Rajput YS, Mann B. Chemical and functional properties of glycomacropeptide (GMP) and its role in  
 the detection of cheese whey adulteration in milk: a review. Dairy Sci Technol. 2013;93(1):21-43.

36.  LaClair CE, Ney DM, MacLeod EL, Etzel MR. Purification and use of glycomacropeptide for nutritional management of  
 phenylketonuria. Journal of Food Science. 2009;74(4):E199-E206.

37.  van Calcar SC, Ney DM. Food products made with glycomacropeptide, a low-phenylalanine whey protein, provide a new  
 alternative to amino Acid-based medical foods for nutrition management of phenylketonuria. Journal of the Academy of  
 Nutrition and Dietetics. 2012;112(8):1201-10.

38. Ney DM, Etzel MR. Designing medical foods for inherited metabolic disorders: why intact protein is superior to amino  
 acids. Current Opinion in Biotechnology. 2017;44:39-45.

39. Food and Agriculture Organization of the United Nations F, World Health Organization W, United Nations University U.  
 Protein and Amino Acid Requirements in Human Nutrition: Report of a Joint WHO/FAO/UNU Expert Consultation. FAO/ 
 WHO/UNU; 2007. Report No.: 0512-3054 (Print) 0512-3054 Contract No.: 935.

40.  Pena MJ, Pinto, A., Daly, A., MacDonald, A., Azevedo, L., Rocha, J.C. and Borges, N. The Use of Glycomacropeptide in  
 Patients with Phenylketonuria: A Systematic Review and Meta-Analysis. Nutrients. 2018;10(11).

41.  Daly A, Evans S, Pinto A, Jackson R, Ashmore C, Rocha JC, et al. The Impact of the Use of Glycomacropeptide on Satiety  
 and Dietary Intake in Phenylketonuria. Nutrients. 2020;12(9):2704.

PKU sphere is a food for special medical purposes.  
For Healthcare Professional Use Only


