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Abstract

Oggt products (raw, defatted and isolated protein) were used for partial substitution of wheat
flour (75% Extraction) for the preparation of pan and pita bread. Each oggt product was added
to wheat flour at 3%, 5% and 7%. We studied the influence of this substitution on chemical
and physical properties and nutritive value of the bread. We found that the protein content was
highest in isolated oggt (60.00%), defatted oggt (43.44%) and raw oggt (35.83%). The protein
content in oggt bread, was higher than in the controls. Pan bread contained higher percentages
of fat, ash and fibre than other samples. The calcium and phosphorus content increased by
increasing the levels of oggt. Oggt products contained the highest amounts of essential amino
acids (AAs) Lysine was the most limited AA in raw oggt. It was evident that the essential AAs
increased by increasing the levels of supplementation bread in comparison with the control.
In addition, deficient amounts of leucine and tryptophan were recorded in the pan control.
However, the pan bread sample with 3% raw oggt had lower tryptophan content as compared
with other samples.The values of in-vitro protein digestibility as well as calculated protein
efficiency ratio (c-PER) of oggt products are similar to that in casein because of to their high
essential AA content. High protein digestibility has been identified in bread supplemented with
oggt protein as compared to those with raw or defatted samples. However, pita bread showed
a slightly higher protein digestibility than of pan bread. In comparison to controls, the bread
supplemented with raw, defatted or isolated oggt protein showed increased the c-PER values.
The lowest protein solubility of raw, defatted or isolated protein was at pH 5 and the highest

solubility was at pH 9 and 10.
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Introduction

At present, there is a growing demand for a
new generation of healthier food products which
are required to have an excellent nutritional quality
(Marina et al., 2013). Bread has always been one
of the most popular and appealing food products
because of its superior nutritional, sensual and
textural characteristics, ready to eat convenience as
well as cost competitiveness. The current emphasis is
on healthy bread with a low glycaemic index and high
protein content, leading to an increased dietary fibre
and high starch intake (Giannou and Tzia, 2007).

Bread is the main cereal-based staple food for
majority of the population, and is the cereal providing
most of the calories and protein consumed by an
average person. Lysine is the most limited (AA) in
cereal flour. Furthermore, the tryptophan, threonine
and methionine contents in this flour are lower
when compared to the values given by the Food
and Agriculture Organization of the United Nations
(FAO) standard (FAO, 1973). Fortification with
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essential AAs has become a common method used
to improve the nutritional quality of wheat products
(Vaseen et al., 1991).

To obtain bread with enhanced nutritional
quality, different additive products have been used,
such as soybean, sesame, legume flours, sweet potato
flours and isolated protein of oggt or defatted oggt
flour. All these ingredients impart characteristic
colours, texture and nutritional value which may be
favourable in bakery products, recipes and other food
products (Paucean and Man, 2014).

Goat milk plays an important role in various parts
of the world. In Saudi Arabia, the goat population of
2.3 million (International Trade Centre UNCTAD/
GAT, 1984) ranks third highest, the first two being
that of sheep and cattle, in the indigenous total
animal population. Goat milk production in Saudi
Arabia in 1981 accounted for approximately 30% of
the total milk production i.e. 80,744 metric tonnes/y.
However, most of the goat milk is consumed by the
pastoral community, and little is available in the
market. Commercially, it is in form of goat milk



1890

products such as madeer (dried cheese) and Ghee
(Al-Saleh, 1967).

The importance of fermented milk products is
that it helps to increase lactose digestion, thereby
avoiding symptoms in people showing lactose
intolerance (Verse et al., 2001). Yoghurt and other
fermented milk products are additionally reported
to have other health benefits, including blood
cholesterol reduction and possible cancer prevention
(Guo, 2003). The nutritive value of a fermented milk
product depends on the type of milk or butter milk
utilised; most fermented dairy products contain lactic
acid bacteria which stimulate the immune system
(Gatesoupe, 2008).

Jameed is a dried milk product that is widely
used as a common traditional food in several
Mediterranean countries, including Jordan, Syria,
Saudi Arabia, Iraq and Egypt. Several names have
been given to Jameed in Jordan and Syria as well
as Kishk in Egypt. Jameed is mainly used in the
preparation of popular traditional dishes. It has a high
nutritive value, with protein, fat and ash content of
approximately 48%—54%, 18%—22% and 12%—13%,
respectively, and is characterised by a long shelf life
(Al-Omari et al., 2008; Mazahreh et al., 2008).

Oggt is a dried fermented milk product prepared
using goat, camel or sheep milk by Bedouins in the
Arabian Peninsula, particularly in the northern Saudi
Arabia (Sawaya et al., 1984; Al-Ruqia, 1987). Oggt
is known for its pleasant organoleptic properties,
high protein and calcium content and low fat content
(Al-Mohizea et al., 1988).

Thus, the aim of the current study was to
determine the effect of partial substitution of wheat
flour with oggt products (raw, defatted and isolated
protein) on the chemical composition and protein
digestibility of produced pita and pan bread, aiming
to improve the nutritional quality of produced bread
as a healthier food product.

Materials and Methods

Materials

The oggt powder (made using goat milk) was
purchased from a local market in Riyadh City in
the Kingdom of Saudi Arabia and milled and placed
into polyethylene bags for storage at 4°C until use.
Raw oggt powder, defatted oggt and isolated oggt
protein as well as pan and pita bread where prepared
as reported previously (AlFaris et al., 2014). Each
sample was dried at 50°C, ground then placed in
plastic bags for analysis.

Within the chemical analysis, the moisture,
crude protein, crude fibre, fat and ash contents
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were determined according to the methods of the
Association of Official Agricultural Chemists
(AOAC, 2000). Total carbohydrates were calculated
by difference.

Calcium and phosphorus content was determined
according to the methods described by AOAC (2000)
using a pye-unicam SP/900 atomic absorption
spectrophotometer and spectronic-20-colorimeter,
respectively.

AAs were determined after hydrolysing
with 6 N HCL for 22 h at 110°C according to the
method reported by AOAC (2000) using a high
performance liquid chromatograph (Shimadzu LC-
10 AD corporation, Kyoto). The AA score (AAS)
was calculated according to the method reported by
the FAO/World Health Organisation (WHO, 1985).

In-vitro protein digestibility was determined
using the analysed enzymes of protein obtained from
Sigma Chemical Co., St. Louis Mo, according to the
method described by AOAC (1995).

The pH of each sample was determined using
a digital pH-metre (Jenway, Model 3020 Dunnow,
Essex, UK) at room temperature (25°C).

Protein solubility was determined according
to the method reported by Were et al. (1997) with
some modifications. A sample mass of 1 g was mixed
with 100 ml distilled water and stirred for 30 min.
A pH between 2—12 was obtained by adding sodium
hydroxide or HCI, stirring by a magnetic stirrer for
2 h at room temperature, centrifuging (3,000 rpm)
for 20 min at 4°C and then the protein content of
the supernatant was determined as according to
the method of AOAC (1995). The determination of
protein solubility was as according to the following
equation:

Protein solubility = (protein in supernatant/protein of
sample) x 100 (1)

The water and oil holding capacity of the oggt protein
were determined according to the method described
by Beuchat (1977).

The emulsion activity of oggt protein was
estimated according to the method reported by
Yasumatsu et al. (1972) using the following equation:

Activity of emulsion (%) = (volume of emulsion layer
before the centrifugation/volume of emulsion after
centrifugation) x 100.

Statistical analysis

The obtained data were statistically analysed
as mean * standard deviation using SAS (1990).
Analysis of variance was used. Duncan’s New
Multiple Rang test was used at P < 0.05.
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Table 1. Chemical composition and mineral contents of raw oggt(R), defatted oggt(D) and isolated
protein(I) of oggt and pan and pita breads

1891

Eamples Chemical composition {732) Mineral Content
Moisturs Protein Fat Fibre Ash Carbohydrates Phosphorus {3} Calcium {ppm}
Ogpt
Raw oggt (R} 15012008 3583:014  1145:001  057:008  T.10£008 30.04 £ 0.08 0.853 £0.01 11450.00 £ 50.00
Defatted oggt (D) 15332012 4344+050  1.84:020 000:000 5824010 33472018 1013 £ 0.01 13450.00 2 150.00
Isciated Prot=in of oggt (1) 13143035  60.00+035  037+0.03 0005000 537:0.13 21124017 0.623 £0.01 5250.00 + 150.00
Control pan bread .48 £0.09 12835000 228:0.04 158£002 2851008 T0.57  0.05 0.170 £ 0.01 355.00 £ 5.00
Pan bread with 3% R 7.04 £ 0.08 1463017 258+0.02 2,56+ 0.01 3.01 £ 0.05 T0.18 £ 0.06 0.190 £ 0.01 6.28.67 + 8.50
Fan bread with3% R 638:003  1510£003  280+001 240:006  318:003 6354003 0.200 £ 0.01 £16.00 £ 12.00
Fan bread with 7% R 685+012 15464013 3224001 2254006  331£002 68.8140.06 0.213 £0.01 579,67 + 4.51
Fan bread with 2% D BO0OED10  1480£001  259:0.01 230+001  259+001 63324003 0.190 £0.01 T02.00 2 7.00
Pan bresd with 5% O 7.85 £ 0.07 1516 £ 008 245+0.04 248002  3.15: 004 6891 + 0.07 0.210 £ 0.01 860.00 + 5.66
Fan bread with 7% O 7.74 £ 0.06 1577£006  225£0.26 232:008  321:000 6871 0.09 0.223 £ 0.01 1044.33 2 11.01
Pan bread with 3% | 7.06 +0.00 15.08£006  2.08+0.06 211+ 0.01 3.02 +0.09 T0.65 % 0.04 0.175 £ 0.01 478.00 £ 5.00
Pan bread with 5% | 728+0.12 15.86 £ 0.11 1.23£0.06 043:005  219:0.02 T1.95 1 0.07 0.180 £ 0.00 575.00 + 6.00
Fan bresd with T3 | 7.24£0.15  1629:0.06  2.45:0.06 070£0.11  335:008 69.97 £ 0.09 0.190 £0.00 679.002 7.00
Control Pita bread 7.51 £ 0.01 14.10 £ 0.04 0.32 £ 0.01 041£00%  206:003 75201 0.02 0.170 £ 0.00 I3 TE0
Fita bread with 3% R 7.04 £ 0.03 1480£0.14  028+0.04 032+002  223:0.04 7533 £ 0.05 0.200 + 0.00 632,67 3.00
Pita bread with 3% R 7.22+0.22 1553£006  0.30£0.03 028004 237:008 74204 0.09 0.203 + 0.01 799.00 £ 2.00
Fita bread with 7% R 7.32+0.10 1565£002  0.31£0.10 043:002  239:0.14 73304 0.08 0.213 £ 0.01 5233 + 10.06
Fita bread with 3% D 8.74 £0.01 14.66£0.05  0.19£0.03 050£0.04 2141000 73,77 2 0.08 0.189 £0.00 648,332 9.50
Fita brazd with 5% D 513£003  1561£031  022:0.01 040£006  230:0.08 7234+ 0.10 0.200 £0.00 £60.00 £ 10.00
Fita bread with 7% D 526003 1582:015  0.16:0.04 055+018  262:033 71552015 0213 £0.01 1052.33 £ 5.51
Fita brasd with 2% | 7.81£0.03 15424002  062£002 013001  230:0.08 73814002 0.180 £ 0.00 48633 + 6 51
Fita braad with 5% | 7.91£0.01 15.93£0.06  0.35£0.01 00E:0.11 2341000 73,392 0.04 0.190 £0.00 48133 £ 1.53
Fita bread with T3 | 7.81£0.03 16.65 £ 0.01 0.30£0.11 009£002 257004 72.58 % 0.04 0.190 £ 0.01 661672252

Results and Discussion

Chemical composition

Raw and defatted oggt contained the highest
percentage of moisture, followed by isolated protein
of oggt (Table 1). However, the control sample of
pan bread recorded the highest moisture content than
those samples supplemented with raw, defatted or
isolated oggt at different levels (3%, 5% and 7%).
On the other hand, the control sample of the pita
bread had lower moisture content than those samples
supplemented with 3%, 5% or 7% defatted oggt.

JSS (1997) accordingly indicated that from a
quality point of view, Jameed should not contain less
than 15% moisture to minimise microbial spoilage
and prevent any unwanted physical and chemical
changes from occurring during storage (Koc et al.,
2008). The highest percentages of protein content
were found in isolated protein of oggt followed
by defatted oggt then raw oggt (60.00, 43.44 and
35.83%, respectively). The supplementation with
raw, defatted or isolated protein of oggt at different
levels (3%, 5% and 7% of each) for pan or pita
breads increased their protein contents as compared
to their controls (Table 1). In addition, the highest
percentages of protein were observed in both pan and
pita bread supplemented with isolated protein. This
may be attributed to the high protein content of oggt;
therefore, the addition of oggt not only improved
the quality attributes but also the nutritional value

of bread. Accordingly, JSS (1997) illustrated that
Jameed has an excellent nutritional value because of
its high protein (57.07%) content. Raw oggt recorded
the highest percentages of fat (11.45%) and ash
(7.10%) in comparison with defatted and isolated
protein of oggt.

Raw oggt contained a very low percentage of
fibre, in contrast to defatted and isolated protein
of oggt. The pan bread samples contained high
percentages of fat, fibre and ash in comparison with
their controls (Table 1). The comparison was similar
in case of the pita bread samples and their control.
This may be attributed to the added ingredients
to formulas for preparing the breads. Reasonable
amounts of carbohydrates were noticed in the three
oggt samples. However, the highest percentages of
carbohydrates were found in all samples of pan or pita
bread. In this regards, El-Erian (1979) indicated that
oggt had a high protein and low fat content as well
as good quality characteristics. In addition, Al-Omari
et al. (2008) and Mazahreh et al. (2008) showed
that Jameed had a protein content of approximately
48%—54% and fat content of 18%—22% with a high
nutritive value.

Results in the Table 1 show that the oggt products
are characterised by a high calcium and phosphorus
content. The highest phosphorus (P) and calcium
(Ca) contents were in defatted oggt samples followed
by raw samples, and lastly isolated protein samples.
The supplementation with the aforementioned oggt



1892

Al-Faris ,N. and Al-Jobair, M./IFRJ 24(5): 1889-1896

Table 2. Amino acids contents and chemical score of oggt products (g/16gN)

FAOIWHT
Isclated Protein of
Amino Acids Raw oggt Defatted oggt pattern
oggt
(1585)

Ezsential amino acids

Lysine 517 + 0.021 615+ 0,113 6.11 + 0.00D 5.80
Threonine T.11 £ 0.304 6.4% + 0151 5.55 + 0.000 3.40
Valline 842 + 0.014 8.29 + 0.07T1 4.91 + 0.000 3.50
Methionine + Cystine 263 £ 0.035 3.48 £ 0.064 3.24 £0.332 2.50
Isoleucine 5.36 + 0.021 4 88 + 0.0B5 3.88 +0.239 Z.80
Leuwcine 10.23 + 0.035 514 £ 0. 156 10.28 + 0.057 6.60
Phenylalanine + Tyrosine 648 £ 0.014 6.4T7 £ 0.062 10,02 £ D.461 6.20
Tryptophan 1.12 £ 0.0DD 1.62 £ 000D 2.01 £ 0.014 1.10
Histidine 3.32 £ 0,057 3.35 = 0.071 4 65 + 0.071 1.90

“Chemical Score

Lysine 85 14" 106.03 10535

Threonine 209.12 190.88 176.18

Waline 24057 Z36.86 140,25

Methionine + Cystine 102.20 135.20 12560

|soleucine 191.43 174.25 12853

Leucine 155.00 138.48 188.76

Fhenylalanine + Tyrosine 102.54 102.70 159.05

Tryptophan 102.732 148.18 183.00

Histidine 17474 176.32 244 T4

2The most limited amino acid.

"p<0.05(Duncan’s New Multiple Rang test).

products for pan or pita breads showed an increase
in their amounts of P and Ca in comparison with
their controls. It could be concluded that both P
and Ca contents increased with the increasing
supplementation levels of oggt products. In this
respect, El-Erian (1979) illustrated that oggt had
a high calcium content. In addition, Salji (1986)
revealed that the oggt products had contributed to
64% of the recommended daily allowances of Ca,
49% of P and 30% of protein.

The essential AAs content

Results of essential AAs are summarised in Table
2 in which the data indicate that the oggt products
(raw, defatted and isolated protein) contained the
highest amounts of all essential AAs except the
essential AA lysine in raw oggt, which was low in
comparison with that in the FAO/WHO (1985)
reference pattern. Therefore, the essential AA content
of oggt products meets or exceeds the National
Academy of Sciences pattern of high quality protein
for human consumption, except for the AA lysine of
raw oggt.

On the basis of the values presented in Table
2 as compared to those reported in the FAO/WHO
reference pattern, lysine was the most limited AA
in raw oggt. It could be concluded that the oggt
products showed a good and high protein quality.
All other essential AAs were in amounts exceeding
those reported in the FAO/WHO AA reference

pattern. In this regard, Sawaya et al. (1984) showed
that goat milk contained a high amount of lysine.
The AA content and chemical score of pan breads
supplemented with oggt products are given in Table
3. The results reveal that the essential AA content
of pan bread supplemented with raw, defatted or
isolated protein of oggt by 3%, 5% and 7% were
relatively higher than those of the control. This may
be attributed to the high nutritional value of oggt,
which led to an increase in the content of majority of
the essential AAs in bread.

On the basis of the essential AA values presented
in Table 3 with reference to the FAO/WHO reference
pattern (1985), lysine was the most limited AA in the
control as well as the prepared pan bread samples,
followed by sulphur AAs in the control and finally by
bread with raw oggt. Meanwhile, tryptophan was the
third most limited AA in the control and pan bread
samples supplemented with 3% raw oggt. However,
leucine was deficient in the pan bread control in
comparison with the supplemented samples.

As a matter of fact, the nutritive value of protein
for humans would mostly depend on its AA profile
in general and the qualities of the essential AAs in
particular. Thus, the supplementation with oggt
products is important for improving the quality of
AAs of bread, which is considered to be the staple
food for most people who live in the Middle East
countries (Lorimer ez al., 1991 and El-Akel, 1993). In
addition, lysine is the most limited AA in cereal flour.
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Table 3. Essential amino acids content and chemical score of pan bread and pita bread supplemented with

oggt products
supplemented with FACIWHO
Amine Acids Control Sample Raw oggt Defatied oggt solated protein of oggt Reference
T L Th T L T % T T Pattamn i85
Essential amino acide
pan brasd
Lyzinz 147 £ 0000 192 = 0082 203 £ 0000 215 008 308 +000 343 £0283 177 20082 4 2008 412 203 453 2002 580
Treaoning 437 £000 436 +0000 432 £ 003 477 2025 435 20331 473 20191 435 2031 440 £0141 433 20213 472 20313 140
‘aline 425 £0000 502 £0000 540 2 QM4 537 £028 52 =00 538 2035 517 2008 231 =044 529 20042 583 = 0042 15
Matiainz + Cystng 15 :025 24 200 24 000 24 20032 255 0556 25 £0I% M 203 299 £0088 312 2030 217 20000 P
150 lauina 363 = 0000 390 +0000 359 £ 009 433 2022 360 =008 43 £ 0417 449 20089 385 + 0000 417 20055 435 008 28
Leucine 633 =000 687 £0000 759 20180 T8 £ 0318 720 0082 748 £0000 782 £ 008 719 =000 73 £ 008 780 20082 650
Phanyidanine  + Tyrosine 821 £005 1176 2032 1204 20473 131 20265 1142 004 1057 0415 472 2028 108 £0213 1207 2005 13 02358 a0
Trypiaphan 108 £0.000 105 20000 124 20000 130 20043 113 200 120 2008 122 20000 129 20000 132 2000 183 2004 1.1
HiEtdng 337 2004 312 2036 285 00 285 £0143 277 £0m 293 20417 182 20881 263 000 363 £ 0042 333 = 060 190
pita bread
Lyzin2 255 £0.000 277 20048 282 £0082 235 =000 255 £000 272 2008 130 0082 72 £0000 33 20000 335 20000 530
Thraaning 451 £0000 222 20048 24 2004 450 20082 241 200 1% 2008 447 2000 24 2035 43 2031 245 2000 4
e 524 £000 527 +0000 541 20082 547 £008 515 000 540 + 0000 5.48 £ 0085 S84 000 5325 £0000 545 0000 150
Marigne + Cysine 145 £ 0000 190 £ 0000 202 £ 0058 248 20070 285 20390 25 014 255 007 277 0083 290 20000 295 0000 5
ka kudnz 404 20000 150 2000 0 2004 200 20032 IR 2 0W 215 20000 403 2000 38 2044 405 203 363 20000 i)
Leuding 524 2008 65 +0048 678 £ 008 591 20082 685 £00 oL 2008 674 2000 TE £0082 Bk T 0 (1)
Pnayfiaaning + Tyrosinz 148 2+ 755 158 2046 1082 =08 1055 +0092 147 2038 1205 £05% 1095 2000 944 2075 oM 20843 901 £ 075 630
Trypiaghan 125 000 117 2004 233 £0.181 121 20000 115 £0.000 113 £ 0000 117 2008 1188 20000 118 £0000 185 £0.000 110
Hisiidine 238 2000 228 2004 213 2000 234 20258 258 =014 27 20558 133 20184 275 £0138 288 =048 3108 £ 0000 130
Chamical Score
pan braad
Lysinz 01 310 300 710 5110 5514 650 5 7450 8038
Treaoning 1255 12824 1710 1403 12530 13312 12824 1241 12735 13382
‘aline ke 18343 15428 15143 14314 187 17 1203 151.14 18657
Marine + Cysin 6120 %.4 .40 ET 1054 1m0 108.00 1195 12480 12680
150 laucing 12844 BB 14250 15454 13857 15571 16035 17750 1480 15535
Lewdine oL 10410 11500 1835 10340 Ik} 12000 10834 1100 11818
Phanyidanine  + Tyrosine 1301 18857 13141 183,05 kg 17258 123 172568 13138 18400
Trypiaphan %18 %3 11273 1315 10318 10810 (k] 1730 12000 14855
HiEndng T 16821 15526 15158 1347 15421 19053 13842 13110 17526
pita bread
Lysinz =g gme Zar N g g 830 ®mnar Al e
Thraaning 13243 1308 121 1323 12301 1529 13.a 1234 1735 13120
e 14871 15057 15457 15823 14714 15438 15857 15543 15100 15600
Mehignine + Cysine Bt TE00 B 308" el 8/m 10030 10200 1030 1800 11800
ka kudnz 14223 128 & 14893 14235 185 1857 1483 13579 1245 1313
Laucinz 600 ¢ 18091 10242 10495 10031 10676 10212 1561 11164 1345
Pnayfiaaning + Tyrosinz 18222 18317 17333 16745 18210 T 17200 1493 18480 14302
Trypiaphan 11636 10636 218 1000 105.00 Lok 10535 Lk 103154 173
Histing 12315 113.10 11474 12315 135 14250 1253 18478 151.57 18253

*Lysine was the most limited amino acid

® Methionine + Cystine were the second most limited amino acids.
“Tryptophan was the third most limited amino acid.
“p<0.05(Duncan’s New Multiple Rang test).
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Furthermore, tryptophan, threonine and methionine
contents were low as compared to the FAO standard
(FAO, 1973). Fortification with essential AAs
has become a common method for improving the
nutritional quality of wheat products (Yaseen et al.,
1991).

It could be concluded that the supplementation
with oggt products increased the nutritive value
of bread by increasing the amounts of essential
AAs, which led to the high quality of bread. Thus,
the higher levels of bread supplemented with oggt
products must be recommended as these products
contributed the greatest amounts of AAs in all
fortified bread. Therefore, supplementation of wheat
flour with oggt products improves quality, since the
higher contents of essential AAs in oggt complement
the lower content of AAs in wheat flour.

The results in Table 3 show the essential AAs and
their chemical score within pita bread supplemented
with oggt products. It was evident that the essential
AAs increased with the increasing levels of
supplementation of pita bread with oggt products in
comparison with their controls. The control bread was
found to be limited in lysine, methionine, cysteine
and leucine. Therefore, the fortification of bread
with oggt products should improve protein quality

because the higher content of essential AAs in oggt
products substitutes for the deficiency of the AAs in
wheat flour. The chemical score of each essential AA
in the investigated pita bread was interpreted and the
obtained data (Table 3) showed that all the predicted
values for the protein quality of bread were higher
than those for the quality of control. Moreover, all
pita bread samples contained higher amounts of all
AAs, except lysine, whereas methionine was low
in samples supplemented with raw oggt and 3%
defatted oggt as compared to their corresponding
amounts reported in the FAO/WHO pattern (1985).
The deficiency of the aforementioned AA could be
attributed to the processes of defatting or isolating
protein. Thus, lysine was the most limited AA in all
samples, followed by sulphur AAs. In this respect,
Lindell and Walker (1984) found that the protein
quality and quantity of chapati bread were improved
when they were prepared using a soy flour blend.

In vitro protein digestibility and protein C-Efficiency
ratio

Data in Table 4 show that the values of in vitro
protein digestibility of oggt products were near to
those in casein. This may be attributed to the high
amounts of essential AAs in raw, defatted or isolated
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Table 4. In vitro protein digestibility and calculated protein efficiency ratio (C-PER) of
produced pan and pita bread

Samples Tn vifro profein digestibilty CFER
Casein £S5 47 + 0658 2.5
Copt
Raw oggt {R} £9.28 = 0.601 .32
Defatted cggt (D) ET.01 £ 0.594 233
|solated Protein of oggt (1} E9. 20 £ 0128 2.5
Control pan bread T1.52 £ 0.550 [+ %]
Fan bread with 3% R T9.52 + 0.550 0.50
Fan bread withG% R B1.5T7 + 0.608 0.51
Pan bresd with 7% R 81.71 £ 0156 061
Fan bread with 3% D 81.50 = 0.608 .52
Pan bresd with 5% D 81.63 + 0. 403 0.5
Fan bread with 7% D E1.84 + 0.000 0.54
Fan bresd with 3% 1 261+ 1.7 0.61
FPan bread with 5% 1 E3.25 + 0.438 0.58
Pan bresd with 7% 1 B3 BB + 1.587 1.09
Control Pita bread TS24 000D [+ ]
Fita bread with 3% R B1.62 = 0.000 1.02
Pita bresd with 5% R 81.22 + 0184 1.50
Pita bresd with 7% R 81.48 + 0158 1.60
Fita bread with 3% D B1.20 £ 0.158 1.04
Fita bread with 5% D B1.62 £ 0.402 1.15
Fita bread with T% D E3.65 £ 0.325 1.27
Pita bresd with 3% | E3.05 + 2 350 1.16
Fita bread with 5% | B4.T2 £ 2.3590 1.62
Pita bread with T5% | B4.TB £ 2.315 1.85

oggt protein. It was evident that the digestibilities of
pan breads were higher than their control. The highest
protein digestibility in comparison with those in raw
and defatted pan bread was observed in the pan bread
supplemented with isolated protein. A similar trend
was additionally detected in pita bread. On the other
hand, the protein digestibility of pan bread was lower
than that of pita bread supplemented with isolated
protein. Generally, the supplementation with oggt
products led to an increase in the protein digestibility
of both pan and pita bread, particularly in the case
of the supplementation with isolated protein of oggt.

Results in Table 4 indicate that the c-PER of the
three oggt products were similar to that of casein
(2.32, 2.33, 2.50 and 2.50 for raw, defatted and
isolated protein of oggt and casein, respectively).
The higher values of PER for the products could be
because of its higher content of sulphur AAs, which
were considered to be limited in milk, in addition to
the high lysine content. Slightly higher c-PER values
of pita bread were observed in comparison with
those of pan bread. However, the above mentioned
two types of bread showed a decrease in PER values
in comparison with those of oggt products. This

could be because of the low amounts of some AAs,
particularly lysine in the bread samples. It could be
concluded that the addition of oggt products to bread
increased the PER values in comparison with their
control samples.

In this respect, Sawaya et al. (1984) revealed that
the higher value of PER for goat milk could be because
of its higher sulphur AA content. They additionally
found that goat’s milk is nutritionally adequate and
is at par with cow’s milk. In addition, Badria et al.
(2013) indicated that it was necessary to encourage
oggt production and promote its human consumption
for its good nutritive value rather than its taste. In
conclusion, the deficiency of essential AAs in wheat
flour could be corrected, and the metabolic utilisation
of bread protein might be improved by combining
with products containing high AAs.

Physical properties of oggt products

The water holding capacity values of the three
oggt products were similar (Fig 1). In addition,
the values of oil holding capacity were the same.
Furthermore, the same trend was detected in the
values of emulsion activity of the raw, defatted and
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Figure 1. The physical properties, protein solubility and
the values of solubility of protein in raw, defatted and
isolated protein of oggt

isolated protein of oggt (52.0%, 53.1% and 52.6%,
respectively). In this respect, Al-Hindi et al. (2015)
indicated that the oggt products had good storage
quality at ambient temperature because of to low aw
and low pH (4.0).

The values of solubility of protein in raw,
defatted and isolated protein of oggt are shown in
Figure 1. Data showed that the lowest solubility of
protein was at pH 5 (33.02 £+ 0.125, 24.29 + 0.275
and 15.61 +0.921 for raw, defatted and isolated oggt,
respectively). Meanwhile, the highest solubility was
at pH 9 and 10. It could be observed that at pH 2,
the protein solubility was high, following which it
decreased with increasing pH values. In this respect,
Mizubuti et al. (2000) found that the solubility of the
isolated protein of peas was high at a pH higher than
6.7 and lower than pH 3.5.

Conclusion

The results showed that oggt products have
high protein contents compared to other samples,
addition of oggt products to pan samples resulted
in an increase in protein content in these samples.
The study revealed that oggt products contain fair
amounts of all essentials amino acids resembling
that of reference protein. While bread sample, were
deficient in lysine, methionine + cystein leucine and
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tryptophan and lysine being the first limiting amino
acid. Valves of protein digestibility and calculated
protein efficiency ratio (c-per) of breads samples
were mildly increased when oggt products were
added to them.
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