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Abstract: Phenylketonuria (PKU) is an inborn error of phenylalanine metabolism caused by the deficiency of
phenylalanine hydroxylase, which converts phenylalanine to tyrosine. In the present study, five suggested
formulas were prepared for production of low phenylalanine biscuits suitable for PKU patients. These formulas
were based on partial replacement of wheat flour with different levels of corn starch. Pectin and
carboxymethylcellulose (CMC) were used as a texture modifier. Chemical composition, amino acids content,
dough characteristics, baking test and sensory evaluation of biscuit samples were investigated. The obtained
results revealed that biscuit samples had lower protein, consequently, phenylalanine content than control as
a result of replacing wheat flour using corn starch. Phenylalanine and protein content of formula "D" which
contains 84g corn starch, 10g wheat flour, 3g pectin and 3g CMC reduced by 88 and 79%, respectively
compared with control. The rheological properties of the dough, baking test and sensory evaluation of biscuit
samples were adversely affected by added starch. Hydrocolloids slightly improved rheological, baking quality
and sensory properties of produced biscuits. It was found that all formulas, except formula "E", were suitable
for the production of well tolerated and palatable low phenylalanine biscuits, but formula "D" had superior
acceptability for PKU patients regarding phenylalanine requirements. 
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INTRODUCTION to meet the normal growth and development. Excess

Functional foods are growing on demand by health- is mainly metabolized in the liver by PAH. In the United
conscious consumers looking to improve their health and Kingdom, a system of protein exchanges is used, with
prevent diseases associated with growing older. Goldberg approximately each 1g natural protein representing a
[1] defined functional foods as ‘any food or food phenylalanine load of 50 mg. Most children with PKU can
ingredient that may provide a health benefit beyond the tolerate less than 500 mg phenylalanine or 10 g protein
nutritional nutrients it contains. In Egypt, however the exchanges in 24 h [3, 5]. Low phenylalanine foods may be
markets are lacking such foods, except of some imported prepared by selecting ingredients that are low in protein,
ones, which is very expensive or not available regulatory. i.e. starch, cellulose derivatives and gums. The functional
Demand for low or free phenylalanine products is rising effects of hydrocolloids steam from its ability to modify
steadily, as evidenced by the increased range of bread dough or batter rheology (or handling) and keeping
and biscuit on retail sale. This parallels the apparent or quality  of  finished products have been studied by
real increase in phenylketonuria (PKU). The quantity of Guarda et al. [6], Ribotta et al. [7], Lazaridou et al. [8] and
protein and its amino acids in wheat flour have a great Shittu et al. [9]. Ozboy [10] reported that, starch,
effect on patients who are suffering from [2]. PKU is an surfactant, xanthan gum and carrageenans mixture could
autossomal  recessive disease caused by phenylalanine- be used as a basic formula for preparing desirable corn
hydroxylase (PAH) deficiency. The deficiency of this starch-gum bread for PKU patients. On the other hand,
enzyme leads to the accumulation of phenylalanine in Yaseen and Shouk [11] reported that, one loaf of shamy
tissues and plasma of patients [3, 4]. Minimal bread of formula containing 66g corn starch, 30g wheat
requirements of phenylalanine (9.1mgkg d ) are needed flour,  2g pectin and 2g CMC (which weight 100g and 34%-1 -1

phenylalanine, which not required for protein anabolism,
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moisture) could provide the consumer about 45mg of
phenylalanine. Also, Mohsen et al. [12] studded the
availability of producing low-phenylalanine toast bread
using wheat flour lacking gliadin fraction and containing
hydrocolloids such as pectin gum Arabic and CMC.

Therefore, the purpose of this study was to formulate
suitable different low phenylalanine biscuits dough
formulations. Chemical composition, amino acids content,
rheological properties, baking tests and sensory
evaluation of the produced biscuits were evaluated. 

MATERIALS AND METHODS

Materials: Wheat flour (72% extraction) was obtained
from  North  Cairo Flour Mill Company, Cairo, Egypt.
Pectin and CMC (Food Grade) were purchased from Sigma
Company, Germany. Corn starch (Food Grade) was
obtained from the National Company for Maize Products,
Cairo, Egypt. All other materials used in dough
preparation for biscuits making were obtained from local
markets, Cairo, Egypt.

Methods
Formulation of Low Phenylalanine Biscuits: Wheat flour
was well blended with corn starch. Pectin and CMC were
added to wheat/corn starch blends. Five blends were
prepared and control sample was made with 100% wheat
flour for comparison. The suggested formulas are
presented in Table 1. 

Rheological Properties of Dough: Rheological properties
of dough were tested using Farinograph (300g testing
bowl), (Model No: 178507, Type: 8100122, (31, 50 and 63
rpm), ©Brabender® OHG, Duisburg, Germany) and
Extensograph (Model No: 179516, Type: 860000,
©Brabender® OHG, Duisburg, Germany) and three pieces
of dough were prepared to extensograph tests according
to AACC [13].

Preparation and Evaluation of Biscuits: Biscuits samples
were processed according to the procedure described in
AACC [13]. The volume, weight, diameter and thickness
were measured according to the procedure described in
AACC [13]. The specific volume and spread ratio of
biscuits were calculated for each sample. Organoleptic
characteristics of biscuits were evaluated with some
modifications, according to Zabik and Hoojjat [14] by 10
trained panelists. The tested characteristics included
shape (10), surface color (10), surface characteristics (10),
distribution of cell (10), texture (20), mouthfeel (20) and
flavour (20).

Table 1: Suggested formulas of low phenylalanine biscuits
Biscuit formulas
-------------------------------------------

Ingredients* Control A B C D E
Wheat flour 100 40 30 20 10 -
Corn starch - 54 64 74 84 94
Pectin - 3 3 3 3 3
Carboxymethylcellulose - 3 3 3 3 3
*28.44 g shortening, 57.8 g sugar, 0.93 g salt, 1.11 g sodium bicarbonate,
0.2 g ammonium bicarbonate and water for optimal dough handling were
added to all formulas

Chemical Composition: Moisture, ash, crude protein, fat
and crude fiber contents were determined according to the
methods outlined in AOAC [15]. Carbohydrates were
calculated by difference according to the following
equation:

Total carbohydrates = 100 – (protein + fat + ash + fiber)

Amino Acids Content: Samples were hydrolyzed in sealed
tubes with 10 ml HCl (6N) for 24 hrs at 110°C in a sandy
bath.  The  hydrolyzed  samples  were  filtered  through
0.45 µm nylon filter, evaporated at 40°C in a rotary
evaporator and then dissolved with 1ml deionized water
and evaporated once again in order to remove the traces
of the acid. The residue was reconstituted in 1ml of
deionized water then 20µl was injected into the amino acid
analyzer (Eppendorf LC3000, Germany) for the
determination of the amino acid composition of each
sample. The amino acids were separated on a cation
exchanger resin column (150 mm x 2.6 mm i.d., No. 2619
resin) using citrate buffer at pH 2.2, a column temperature
of 53°C, a flow rate of 0.225 ml/min and a postcolumn
reaction with ninhydrin (0.3 ml/min ninhydrin flow rate)
followed by a photometric detection at 570 nm [16].
Tryptophan was not determined. 

Statistical Analysis: The obtained results were
statistically analyzed by analysis of variance (ANOVA)
and least significant difference (LSD) was calculated
according to McClave and Benson [17]. 

RESULTS AND DISCUSSION

Chemical Composition of Raw Materials and Their
Mixture: Proximate composition of raw materials and its
blends are summarized in Table 2. Corn starch showed
lower protein content and higher carbohydrates than
wheat flour, 0.50 and 98.70%, respectively. Addition of
corn starch to wheat flour decreased the protein content
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of the produced mixture. For instance, the protein content a significantly higher spread than those prepared from
of wheat flour that was 9.60% reduced to 1.20% for hard dough, which indicated that the presence of the corn
formula "D". Same findings were noticed when fat, ash starch in the formulas succeeded to reduce dough
and fiber were considered. Such results were in agreement stability and produce weaker dough. 
with those obtained by Yaseen et al. [18]. 

Rheological Properties of Dough: The farinograph represents the mean values and their statistical parameters
parameters of all dough samples are shown in Table 3. respectively for shape, surface color, surface
The results indicated that, water absorption, dough characteristics, distribution of cell, mouthfeel, texture and
development time, mixing tolerance index and dough flavor of biscuit samples. As seen in this table, all
weakening were increased while dough stability formulas were rated lower than the control sample.
decreased  for  all  formulas compared with the control. Significant differences at (P>0.01) were observed within all
For example, water absorption of formulas "B" and "C" formulas and between the control sample for all sensory
was 66.0 and 68.0% with about 18 and 21% increase than characteristics. Formula "E" received the lowest sensory
the control sample, respectively. Dough stability of the scores than other formulas. Taste and palatability of
same formulas was 3.0 and 2.5 min with about 54 and 62% produced biscuit were acceptable for all formulas except
decrease than the control, respectively. The increasing of formula "E". The color of biscuit was changed and
water absorption might be due to the hydrophilic nature become whiter by increasing levels of starch in the
of added hydrocolloids (pectin and CMC), which are able formulas. Browning of regular baked products was found
to absorb and maintain water and decrease the free water to depend to a large extent of the presence of protein. Low
molecules and amylopectin recrystallization [19]. protein bread and baked goods had a tendency to brown
Weakening of the dough may be due to the dilution of less than those made from wheat flour. Yaseen et al. [18]
gluten of wheat flour by addition of starch. Similar reported that brushing the bread or rolls with a little milted
findings were observed by Mohsen et al. [12] and Shalini margarine or butter, either prior to baking (rolls) or during
and Laxmi [20]. Extensograph data in Table 4 indicated a midway through baking the loaves of bread, enhanced the
decreased in resistance to extension and dough energy browning process. 
and increase dough extensibility for all formulas compared
to control sample. For instance, dough extensibility of Amino  Acid  Composition  and  Protein Content of
formula "D" was found to be 360 mm with about 125% Biscuit Samples: Amino acid composition and protein
increase  compared to the control dough. These changes content of all biscuit samples are shown in Table 7.
were attributed mainly to the dilution of gluten by the Results indicated that all formulas of biscuits had lower
presence of corn starch. The results obtained by total amino acids compared with control. The total amino
extensograph test confirmed those obtained by acids  of the A, B, C, D and E formulas were 3.50, 2.70,
farinograph test. Such conclusion is supported by 1.97, 1.12 and 0.61 g/100g dry sample constituting about
Lazaridou et al. [8]. 41, 54, 67, 81 and 90% reduction compared to control

Baking Quality of Prepared Biscuit Samples: The baking essential and nonessential amino acids were considered.
quality  of  the  investigated  biscuits  is illustrated in The tested samples showed higher values of glutamic
Table 5. Data indicated that all formulas were higher for acid, tyrosine, arginine and proline, whereas the lower
biscuit weight and spread ratio, but lower in volume and amino acid values were found to be methionine, cystine
thickness compared with the control sample. For instance, and lysine.
while the biscuit weight and spread ratio of formula "B" The results also indicated that all formulated biscuits
were 27g and 6.26, those of the control were 24 g and 5.58 were characterized with lower phenylalanine content by
with about 12.5 and 12.19% increase, respectively. The 40, 56, 68, 88 and 92% for formulas A, B, C, D and E
biscuit volume and thickness of the same formula were 34 compared with control, respectively. On the other hand all
cc and 1.15, while the control was 42.0 cc and 1.20 cm with formulated samples were found to contain the lowest
about 19 and 4.2% decrease, respectively. Such increase amounts of protein compared with control biscuit. For
in biscuit weight may be due to increase water holding instance while the protein content of formulas A, B, C, D
capacity of the pectin and CMC in formulas. Saxena et al. and E was 3.80, 2.98, 2.30, 1.34 and 0.65%, respectively, it
[21] reported that biscuits prepared from soft dough had was 6.40% for the control sample.

Sensory Evaluation of Biscuit Samples: Table 6

biscuit, respectively. Same findings were noticed when
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Table 2: Proximate chemical composition of raw materials and suggested formulas (% on dry weight basis).

Sample Protein Ash Fat Fiber CHO

Wheat flour 9.60±0.12 0.66±0.08 1.10±0.09 0.78±0.07 87.86±0.22
Corn starch 0.50±0.06 0.28±0.01 0.30±0.01 0.22±0.01 98.70±0.35
Formulas*
A 3.77±0.14 0.42±0.02 0.61±0.03 0.42±0.06 94.78±0.32
B 2.93±0.09 0.37±0.03 0.52±0.03 0.35±0.04 95.83±0.40
C 2.12±0.07 0.34±0.03 0.43±0.02 0.30±0.03 96.81±0.30
D 1.20±0.05 0.31±0.02 0.36±0.02 0.35±0.02 97.78±0.38
E 0.70±0.06 0.25±0.02 0.27±0.04 0.24±0.02 98.54±0.40

*For abbreviations see Table 1.

Table 3: Fariograph parameters of dough formulas as affected by corn starch and hydrocolloids.

Sample* Water absorption (%) Dough development time (min) Dough stability (min) Mixing tolerance index (BU) Dough weakening (BU)

Control 56.0 2.5 6.5 130 100
A 64.5 5.5 4.0 170 200
B 66.0 6.0 3.0 180 250
C 68.0 6.5 2.5 200 320
D 65.0 6.5 1.0 230 410
E ND ND ND ND ND

*For abbreviations see Table 1. BU= Brabender Unit ND= Not Detected

Table 4: Extensograph parameters of dough formulas as affected by corn starch and hydrocolloids.

Sample* Extensibility (E) (mm) Resistance to extension (R) (BU) Proportional number (R/E) Dough energy (cm )2

Control 160 350 2.19 100.0
A 220 240 1.09 60.0
B 250 190 0.76 50.0
C 290 140 0.48 40.0
D 360 120 0.33 25.0
E ND ND ND ND

*For abbreviations see Table 1. BU= Brabender Unit ND= Not Detected

Table 5: Baking quality of biscuit samples as affected by corn starch and hydrocolloids.

Sample* Weight (g) Volume (cc) Specific volume (cc/g) Diameter (cm) Thickness (cm) Spread ratio Spread ratio (± %)

Control 24.0 42.0 1.75 6.7 1.20 5.58 0.00
A 26.0 38.0 1.46 7.0 1.11 6.31 +13.00
B 27.0 34.0 1.26 7.2 1.15 6.26 +12.19
C 27.5 31.0 1.13 7.1 1.10 6.45 +15.59
D 26.5 28.0 1.06 7.0 1.10 6.36 +13.68
E 25.0 26.0 1.04 7.0 1.12 6.25 +12.01

*For abbreviations see Table 1.

Table 6: Mean values for sensory evaluation of biscuit samples as affected by corn starch and hydrocolloids.

Sample* Shape (10) Surface color (10) Surface characteristics (10) Distribution of cell (10) Mouth feel (20) Texture (20) Flavor (20)

Control 8.0 8.4 7.6 7.9 17.5 16.9 17.4a a a a a a a

A 6.9 6.5 6.2 7.3 13.8 12.8 13.8b b b b b b b

B 6.5 6.0 5.6 6.1 12.5 11.3 12.3b c c c c c c

C 5.8 5.5 5.5 6.0 11.5 10.8 11.9c d c cd d c c

D 5.2 5.3 5.5 5.5 11.6 10.9 11.1d d c d d c d

E 4.3 4.3 4.5 4.5 9.5 8.1 8.6e e d e e d e

LSD 0.05 0.476 0.491 0.463 0.509 0.725 0.681 0.789

* For abbreviations see Table 1.
There is no significant difference between two mean values (within same property) designed by the same letter. 
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Table 7: Amino acid composition and protein content of biscuit samples as affected by corn starch and hydrocolloids (g/100g sample).

Biscuit formulas
-------------------------------------------------------------------------------------------------------------------------------

Amino acids Control A B C D E

Essential Amino Acids (EAA)
Threonine 0.16 0.09 0.07 0.05 0.03 0.02
Valine 0.20 0.12 0.09 0.07 0.04 0.03
Methionine 0.11 0.06 0.05 0.04 0.02 0.01
Isoleucine 0.17 0.10 0.08 0.06 0.03 0.03
Leucine 0.35 0.21 0.16 0.12 0.07 0.03
Phenylalanine 0.25 0.15 0.11 0.08 0.03 0.02
Histidine 0.16 0.09 0.07 0.05 0.03 0.03
Lysine 0.13 0.08 0.06 0.04 0.02 0.2
Total EAA 1.53 0.90 0.69 0.51 0.30 0.24

Non Essential Amino Acids (NEAA)
Aspartic acid 0.25 0.15 0.11 0.08 0.05 0.03
Serine 0.20 0.13 0.09 0.07 0.04 0.02
Glutamic acid 1.50 0.88 0.69 0.50 0.28 0.10
Proline 0.42 0.25 0.19 0.14 0.08 0.04
Glycine 0.19 0.11 0.09 0.06 0.04 0.02
Alanine 0.17 0.12 0.08 0.07 0.03 0.03
Cystine 0.13 0.07 0.06 0.04 0.02 0.02
Tyrosine 0.82 0.48 0.38 0.27 0.15 0.06
Arginine 0.70 0.41 0.32 0.23 0.13 0.05
Total NEAA 4.38 2.60 2.01 1.46 0.82 0.37
Total AA 5.91 3.50 2.70 1.97 1.12 0.61
Protein (%) 6.40 3.80 2.98 2.30 1.34 0.65

For abbreviations see Table 1. Tryptophan was not determined

CONCLUSION 5. Pencharz,  B.,  W.  Hsu  and  O.  Ronald, 2007.

From the previous results it could be concluded that, human   subjects.    The   Journal   of  Nutrition,
all suggested formulas except formula "E" are suitable for 137(S): 1576-1578.
the production of well tolerated and palatable low 6. Guarda,   A.,    C.M.    Rosell,    C.    Benedito   and
phenylalanine biscuit, while formula "D" had superior M.J. Galotto, 2004. Different hydrocolloids as bread
acceptability for PKU patients regarding phenylalanine improvers and antistaling agents. Food
requirements. Hydrocolloids, 18: 241-247.
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