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ABSTRACT

Deficiency of protein in diet is considered one
of the problems which negative affect on public
health. Thus, in this study wheat flour (72%) was
fortified individually with protein isolate from soy-
bean, wheat germ and apricot kernel at 5 and 10%
levels for production macaroni (spaghetti). The
results showed that protein isolate from soybean,
wheat germ and apricot kernel were 90.25, 83.15
and 80.16% respectively. Chemical analysis
showed that protein percent increased in fortified
spaghetti by increasing percentage of protein iso-
late compared with control sample (unfortified).
The limiting amino acids in spaghetti fortified with
soybean, wheat germ and apricot kernel protein
isolate at level 10% were methionine and cystine,
while in spaghetti control sample (unfortified) was
lysine. Biological value showed that spaghetti forti-
_ fied with 10% soybean, wheat germ and apricot
kernel protein isolate were 69.59, 68.01 and 66.01
respectively, while it was 61.06 in control sample.
The protein digestibility increased in fortified spa-
ghetti by increasing percent of protein isolate com-
pared with control sample. The cooking quality test
demonstrated that weight, volume and tota! soluble
solids increased, while firmness decreased in forti-
fied spaghetti compared with control sample.
Measurement of color by Hunter revealed little
changes in fortified spaghetti compared with con-
trol sample. Sensory evaluation indicated that no
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significant difference between control and spa-
ghetti samples.

INTRODUCTION

The interest in pasta production is increasing

-all over the world. Nowadays pasta is made not

only from semolina, but also from wheat flour or
wheat flour plus semolina and even in some coun-
tries from mixtures of farinaceous from various
cereals (Trank et al 2004).

The use of wheat in the form of pasta products
is considerably more widespread in the world of
today than its use in bread making. Pasta nearly
world wide acceptance is attributed to its low cost,
ease of preparation, versatility, offering consider-
able advantage in that, sensory attributes, quickly
digested and stored for relatively long periods of
time without undergoing appreciable deterioration
(Nathalie et al 2005).

Cereal products are widely consumed as a
source of energy as well as protein. Pasta pro-
duced from semolina, hard and soft wheat flour is
typically rich in carbohydrate but not in protein. It is
known to be deficient in the essential amino acids,
such as, lysine and to a lesser amount of thrionine
and methionine (Soh et a/ 2006).

Zaki et al (2004) reported that soybean prod-
ucts have been the chief source of protein for mil-
lions of people in the world. Bolendi and Zayas
(1995) mentioned that wheat germ is an excellent
source of protein thus it could be utilized to over-
come protein deficiency. Abd El-Aal et al (1986)
showed that, the apricot kernel are considered a
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high protein value and suitable for incorporation
into both normal and dietetic foods.

The aim of this study was to investigate the
chemical analysis, amino acids, protein efficiency
ratio, biological value, in-vitro protein digestibility,
cooking quality and sensory evaluation of maca-
roni (spaghetti) fortified with-some plant protein
isolate.

MATERIALS AND METHODS
e
Materials

- Hard wheat flour (72% extraction) was obtained
from North Cairo Mills Company, El-Hoda Mill,
Shobra El-Kheima, Egypt.

- Defatted soybean flour was obtained from Food
Technology Research Institute, Agricultural Re-
search Center, Giza, Egypt.

- Wheat germ was obtained from South Cairo
Mills Company, Cairo, Egypt.

- Apricot fruits (prunus armeniaca) were obtained
from Horticulture Research Institute, Agricultural
Research Center, Giza, Egypt.

Methods
Preparation of defatted wheat germ flour

Wheat germ was crushed by blender (Braun,
Germany), then the oil was extracted by n-hexane
in a soxhlet apparatus for 24 hr with changing the
solvent several times. The defatted wheat germ
flour was passed through a 60 mesh sieve (British
Standard Screen) according to method of Hetti-
arachchy et al (1996).

Preparation of defatted apricot kernel flour

The pits were removed from the tissues by
hand, washed with water and sun dried for 3
weeks. The dried pits were crushed by manual
cracking. The kernels were boiled for 30 min. in
sodium bicarbonate 0.1%, then soaked for 48 hr, in
distiled water to remove bitterness material
(amygdalin) and shelled (brown skin), after that the
kernels were dried at50°C in a forced draught air
oven. The apricot kernels were ground to pass
‘through a 60 mesh sieve to get kernels flour. After
that the oil was extracted from apricot kernel flour
by n-hexane in a Soxhlet apparatus for 24 hr., and
the defatted flour was air dried at room tempera-
ture, according to method of Abd El-Aal et al
(1986).

Preparation of protein isolate

Protein isolate was prepared according to the
method of Chavan et al (2001) as follow: one k.gm
of flour was suspended in 10 liters distilled water,
then pH was adjusted to 9.0 by using 1 N NaOH.
The suspension was shaked for 1 hr at room tem-
perature. After centrifugation at 3000 xg for 30 min.
the extract was adjusted to pH 4.2 for defatted
soybean flour, pH 4 for defatted wheat germ flour
and pH 4.3 for defatted apricot kernel flour by 1N
HCL. The precipitate was recovered by centrifuga-
tion at 3000 xg for 30 min. The precipitate was
washed with distilled water several times and then
neutralized by IN-NaOH to pH 7. The neutralized
precipitate was dried by using an oven under vac-
uum at 40°C then milled by using household mill
and sieved through 60 mesh. Finally kept in refrig-
erator until it used as replacement materials of
wheat flour (72% extraction) individually at levels 5
and 10%.

Processing of spaghetti

Spaghetti was processed by using Matic 1000
Simac Machine Corporation (Miilano, ltaly) accord-
ing to method of Tudorica et al (2002).

Chemical analysis

Protein, fat, crude fiber and ash were deter-
mined according to the methods of AOAC (2000).
Carbohydrates were calculated by difference.
Amino acids were estimated by using Amino Acid
Analyzer (LC 3000 eppendorf-Germany) according
to the method of Rubin et al (1975).

Chemical scores (CS) were calculated accord-
ing to equation of FAO/WHO/UNU (1985).
Whereas:

mg of amino acld per 100 g of test protein

CS= x 100

mg of amino acid per 100g of reference protein

The amino acid that showed the lowest propor-
tion was termed the limiting amino acid.

Protein efficiency ratio (PER) was calculated
using the equation of Alsmeyer et al (1974): PER
=-0.684 + 0.456 (leucine) -0.047 (proline).

Biological value (BV) was calculated using the
equation of Mitchell and block (1946); BV = 49.9
+10.53 (PER).
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Protein digestibility

The in-vitro protein digestibility was estimated
according to method of Santosh and Chauhan
(1986).

Cooking quality

Weight, volume, total soluble solids (TSS) and
firmness were determined using the methods de-
scribed by Frank and Anton.(2002).

Measurement of color

Color of spaghetti samples were measured for
each sample using a spectrophotometer with color
scale (Hunter, Lab. Scan XE, Reston, VA). Color
standard (X = 77.26, Y = 81.94 and Z = 88.14).
color was expressed in terms of lightness (L-
value), redness (a-value) and yellowness (b-value).

Sensory evaluation

Appearance, color, taste and stickiness of
cooked spaghetti were evaluated as described by
Matz (1959).

Statistical analysis

The obtained data were analyzed using Statistical
Analysis System SAS (1996).

RESULTS AND DISCUSSION
Chemical composition of raw materials

Chemical composition of raw materials and
their protein isolate were illustrated the data in Ta-
ble (1). The results revealed that the protein con-
tent in defatted soybean flour, defatted wheat germ
flour and defatted apricot kernel flour were 47.31,
32.57 and 30.14% respectively, while protein iso-
late reached 90.25, 83.15 and 80.16% respec-
tively. Also, the results showed that the fat content
in defatted soybean flour, defatted wheat germ
flour and defatted apricot kernel flour were 3.55,
2.05 and 3.67% respectively, while in protein iso-
late the fat reached 0.29, 0.18 and 1.83% respec-
tively. From the same table, it is obvious that the
fiber content in defatted soybean flour, defatted
wheat germ flour and defatted apricot kernel flour
were 3.56, 5.23 and 2.89% raspectively, while In
protein isolate the fiber reached 0.89, 0.67 and
1.64% respectively. At the same time the results

showed that the ash content in defatted soybean
flour, defatted wheat germ flour and defatted apri-
cot kernel flour were 7.75, 4.92 and 4.12% respec-
tively, while in protein isolate the ash reached 3.26,
2.50 and 3.83% respectively. It can be seen from
the same table that the carbohydrates content in
defatted soybean flour, defatted wheat germ flour
and defatted apricot kerne!l flour were 37.83,55.23
and 59.18% respectively, while in protein isolate
the carbohydrates reached 5.31, 13.50 and
12.54% respectively. In addition to, the protein, fat,
fiber, ash and carbohydrates contents in wheat
flour (72%) were 11.90, 1.45, 0.72, 0.58 and 85.35
respectively. These results are in full agreement
with those obtained by Abd El-Aal et al (1986), El-
Bardeny et al (1991) and Hettiarachchy et al
(1996).

Chemical composition of spaghetti

Results in Table (2) showed the chemical
composition of spaghetti fortified with different lev-
els of protein isolate, from the mentioned results, it
clear that values of protein, fiber and ash in forti-
fied spaghetti were gradually increased by increas-
ing percent of protein isolate compared with control
sample. On the contrary, fat and carbohydrates
were gradually decreased by increasing percent of
protein isolate compared with contro! sample.

Amino acids profiles, chemical score, PER and
BV

Results of amino acids profiles (Table 3),
chemical score (Table 4), protein efficiency ratio
(PER) and biological value (BV) (Table 5), exhib-
ited that, the limiting amino acids in spaghetti forti-
fied with soybean, wheat germ and apricot kernel
protein isolate at level 10% were methionine and
cystine, while in spaghetti control sample (unforti-
fied) was lysine. This results agree with that men-
tioned by Faqir et al (2005) who found that lysine
is the limiting amino acid in wheat flour. They de-
clared also that the shortage of energy, protein and
essential amino acids are the main problems of
human nutrition in developing and under devel-
oped countries. The nutritional quality can be im-
proved by increasing protein content and limiting
amino acids especially lysine. Quality evaluation
by amino acid scoring procedure is considered to
be more accurate than animal assays used for
predicting protein quality of foods. They also illus-
trated that, protein provides amino acids in the
diet, which are required in the body to regulate
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Table 1. Chemical composition (%) of raw materials (on dry weight basis)’

Samples Protein Fat Fiber Ash Carbohydrates

Wheat flour (72%) 11.90 1.45 0.72 0.58 85.35
Defatted soybean flour 47.31 3.55 3.56 7.75 37.83
Defatted wheat germ flour 32.57 2.05 5.23 492 55.23
Defatted apricot kernel flour 30.14 3.67 2.89 412 59.18
Soybean protein Isolate 90.25 0.29 0.89 3.26 5.31

Wheat germ protein isolate 83.15 0.18 0.67 2.50 13.50
Apricot kernel protein isolate 80.16 1.83 1.64 3.83 12.54

* Each value is mean duplicate determination

Table 2. Chemical composition (%) of spaghetti (on dry weight basis)’

: Samples Protein | Fat | Fiber | Ash | Carbohydrates
Spaghetti (control) 11.97 | 143 | 079 | 0.61 85.20
Spaghetti (5% soybean protein isolate) 16.64 1.20 | 0.81 0.85 80.50
Spaghetti (10% soybean protein isolate) 20.65 1.18 | 0.82 | 0.96 76.39
Spaghetti (5% wheat germ protein isolate) 16.05 119 | 0.80 0.89 81.07
Spaghetti (10% wheat germ protein isolate) 19.16 1.12 | 0.81 0.91 78.00
Spaghetti (5% apricot kernel protein isolate) 15.52 1.21 1 0.84 0.95 81.48
Spaghetti (10% apricot kernel protein isolate) 18.36 1.20 | 0.86 1.13 78.45

* Each value is mean duplicate determination

Table 3. Amino acids profiles of spaghetti (g/100g protein)

' Spaghetti Spaghetti Spaghetti Spaghetti
Amino aclds (Sontrol) (13"/? sPly (10°pA evepl)" (10& ?\KPI)"'

Isoleucine 1.43 2.15 1.89 1.75
Leucine 3.89 5.98 5.77 5.37
Lysine 0.16 2.67 2.27 1.23
Methionine 0.19 0.51 0.60 0.39
Cystine 0.54 0.40 0.30 0.28
Phenylalanine 0.57 1.66 1.75 1.62
Tyrosine 0.18 1.51 2,70 1.51
Threonine 0.27 2.10 1.13 0.93
Valine 0.42 1.80 1.96 1.21
Alanine 1.32 1.68 1.25 1.91
Arginine 4.70 2.83 1.37 1.19
Aspartic acid 3.31 435 4.16 4.20
Glutamic acid 3.76 5.91 5.96 5.17
Glycine 0.50 1.81 1.30 1.71
Histidine 0.75 1.57 1.35 1.17
Proline 0.55 3.58 4.79 4.83
Serine 0.39 2.89 1.80 1.44
* SPI = Soybean protein isolate

** WGPI = Wheat germ protein isolate

== AKPI

= Apricot kernel protein isolate
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Table 4. Chemical score

FAOMWHOIUNU S hetti | S hetti S hetti S hetti
Amino acids (1985) contral) | (10% SPI) | (10% WGPI) | (10% AKPI
(g/100 gm protein) (control) ° ) | (0% )| (0% )
Isoleucine 4.0 35.75 53.75 47.25 43.75
Leucine 7.0 55.57 85.42 82.42 76.71
Lysine 5.5 2.90* 48.54 41.27 22.36
Methionine + systine A 3.5 20.85 26.00* 2571 19.14*
Phenylalanine + tyrosine 6.1 12.29 51.96 72.95 51.31
Threonine 4.0 6.75 52.50 28.25 23.25
Valine 5.0 8.40 36.00 39.20 24.2
* Limiting amino acids
Table 5. Protein efficiency ratio (PER) and biological vaiue (BV} of spaghetti
. Spaghetti Spaghetti Spaghetti Spaghetti
E
valuation (control) (10% SPl) | (10% WGPl) | (10% AKPI)
Protein efficiency ratio (PER) 1.06 1.87 1.72 1.53
Biological value (BV) 61.06 69.59 68.01 66.01

growth, repair, maintenance and replacement of
tissues. Essential amino acids are required in ade-
quate amounts in the daily diet because these
cannot be synthesized in the human body. The
total protein content and the contribution that es-
sential amino acids make to the total are the most
important factors from a nutritional point of view. In
general can be said that malnutrition is one of the
major problems of public health especially in the
developing countries. These countries increase in
population, consequently increase demand of
foods. Because of animal protein is either scare or
expensive, the way to overcome this problem is to
search of unconvention as a new protein source
for use in food ingredients. On the other side, pro-
tein efficiency ratio (PER) in spaghetti fortified with
10% soybean, wheat germ and apricot kernel pro-
tein isolate were 1.87, 1.72 and 1.53 respectively,
while in spaghetti control sample was 1.06. On the
other hand, biological value (BV) in spaghetti forti-
fied with 10% soybean, wheat germ and apricot
kernel protein isolate were 69.59, 68.01 and 66.01
respectively, while in spaghetti control sample was
61.06.

In-vitro protein digestibility

With regard to protein digestibility, the obtained
results in Table (6) demonstrated that spaghetti
fortified with soybean, wheat germ and apricot ker-
nel protein isolate at ievels 5 and 10% were 69.73,
70.92, 68.15, 68.53, 65.16 and 67.42% respec-
tively compared with the control sample (unforti-
fied) which gave 63.12%. It is evident from these
results that spaghetti fortified with soybean protein
isolate was the best protein digestibility followed by
spaghetti fortified with wheat germ protein isolate,
then, spaghetti fortified with apricot kernel protein
isolate.

Cooking quality of spaghetti

In relation to cooking quality of spaghetti sam-
ples the results presented in Table (7) indicated
that weight, volume and total soluble solids were
gradually increased by increasing percent of pro-
tein isolate compared with control sample. On the
contrary, firmness was slightly decreased com-
pared with control sample. In the same context
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Table 6. Protein digestibility (%)'

Samples Protein digestibility (%)

Spaghetti (control) 63.12

Spaghetti (5% soybean protein isolate) 69.73

Spaghetti (10% soybean protein isolate) 70.92

Spaghetti (5% wheat germ protein isolate) 68.15

Spaghetti (10% wheat germ protein isolate) 68.53

Spaghetti (5% apricot kernel protein isolate) 65.16

Spaghetti (10% apricot kernel protein isolate) 67.42

* Each value is mean duplicate determination
Table 7. Cooking quality of spaghetti
Initlal Weight Increase initial Volume Increase Total Frimness
weight after in after in soluble
Samples R volume Rk K
cooking weight (cm?) cooking volume solids
{gm)- {gm) (%) (cm’) (%) (%) (b /in)

Spaghetti (control) 50 149.08 198.16 40 125.49 213.72 7.85 0.18
Spaghetti (5% soy- 50 150.05 200.10 40 128.23 220.57 7.92 0.17
bean protein isolate) .
Spaghetti (10% soy- 50 152.81 205.62 40 129.54 223.85 7.98 0.16
bean protein isolate)
Spaghetti (5% wheat 50 153.48 206.96 40 129.00 222.50 8.18 0.17
germ protein isolate)
Spaghetti (10% wheat 50 155.05 210.10 40 131.25 228.12 8.62 0.16
germ protein isolate)
Spaghetti (5% apricot 50 153.58 207.16 40 129.24 223.10 8.20 0.16
kemel protein isolate)
Spaghetti (10% apricot 50 156.07 212.14 40 131.66 229.15 8.91 0.15
keme! protein isolate)

Hummel (1966) mentioned that good quality
macaroni products should absorb water at least
twice of their weight and swell to three or four
times their origin a volume. Also, the results were
in good agreement of Matsuo and lrvine (1970)
who reported that both protein quality and quantity
affect spaghetti cooking quality properties.

Changes occurred in color spaghetti

Color as a matter of visual perception is an im-
portant consideration in food product development
because food color and appearance are usually
the first impressions to register in the consumer's
mind (Salama, 2002).

The effect of fortified spaghetti with soybean,
wheat germ and apricot kernel protein isolate at
levels 5 and 10% on color characteristics of spa-
ghetti samples presented in Table (8): From the
results it can be seen that spaghetti fortified with
soybean, wheat germ and apricot kernel protein
isolate caused an decrease in the L (lightness) and
b (yellowness). Meanwhile a (redness) values were
increased when compared with control sample.

Sensory evaluation
In respect of sensory evaluation of spaghetti,

the presented results in Table (9) indicated that no
significant differences between control sample and
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Table 8. Hunter color parameters of spaghetti'

85

Samples L a b
Spaghetti (control) 75.35 217 15.21
Spaghetti (5% soybean protein isolate) 7511 2.21 15.10
Spaghetti (10% soybean protein isolate) 75.01 2,25 15.01
Spaghetti (5% wheat germ protein isolate) 75.09 2.29 15.08
Spaghetti (10% wheat germ protein isolate) 74.47 2.35 14.97
Spaghetti (5% apricot kernel protein isolate) 74.95 2.33 15.0
Spaghetti (10% apricot kernel protein isolate) 74.89 2.40 14.87
* Each value is mean duplicate determination
Table 9. Sensory evaluation of spaghetti'
Samples Appearance Color Taste Stickiness Total
(25) (25) (25) (25) (100)
Spaghetti (control) 21.8+1.62a | 23.4+1.07a | 23.0+1.15a 22.1£1.97a 90.3+4.30a
Spaghetti (5% soybean protein isolate) 22.7+1.25a | 22.9+120a | 22.3+1.06a [ 22.7+1.49a | 90.6+4.45a
Spaghetti (10% soybean protein isolate) 21.9+1.45a | 22.5+1.08a | 22.1+1.20a 21.7+1.49a 88.2+4.85b
Spaghetti (5% wheat germ protein | 22.5+1.58a | 22.4+1.71a | 22.4+1.51a | 22.5£t1.90a | 89.8+5.81a
isolate) .
Spaghetti (10% wheat germ protein isolate) 22.240.92a | 22.2+1.03a | 22.0+0.94a } 22.4+1.07a | 88.813.61a
Spaghetti (5% apricot kemel protein isolate) 22,510.71a | 22.410.70a | 22.0£1.25a | 22.410.52a | 89.3+2.21a
Spaghetti (10% apricot kemel protein isolate) 22.3+1.16a | 22.6+0.84a | 22,1+0.88a 22.50185a 89.5+2.84a
L.S.D. (0.05) 5.26 7.92 2.10 1.21 1.29

* Values flowed by the same letter within the same column were not significantly differences

Values are mean t Standard deviation

spaghetti samples for all items (appearance, color,
taste and stickiness) except total of spaghetti forti-
fied with 10% soybean protein isolate.

In conclusion, because of bakery products are
consumed worldwide, therefore there is urgent
need for fortification of bakery products with high
quantity protein source in order to improve nutri-
tional quality of protein consumed by many people,
thereby, can be ameliorate the diet of low income
level population groups.
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