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Background and objectives: Bread is the primary staple diet food
for most people worldwide, and enriching this foodstuff contributes
to the overall health of the population. Bread consumed in various
regions of the world is abundant in carbohydrates and protein, but it
often lacks adequate amounts of other essential nutrients such as
dietary fibers, unsaturated fatty acids, and phenolic compounds.
Utilizing natural plant resources is an efficient method to enhance
the nutritional content, increase the structure and qualitative
features, and prolong the shelf life of bread, particularly breads
manufactured from flour with a low extraction percentage. The fruit
of Pistacia Atlantica is a valuable fatty fruit that is abundant in
nutrients such as protein, minerals, antioxidants, and other beneficial
biological substances. Due to these properties, it has been
considered for inclusion in food products. The current study was
conducted to explore the potential of utilizing Pistacia Aatlantica
fruit to enrich and prolong the shelf life of loaf bread.

Materials and methods: In this research, 2, 4, and 6% of the
Pistacia Aatlantica Fruit Powder Aqueous Extract (PAFPAP) were
used in 2 forms, including adding to the dough formula and glazing
with 1 and 2% of sodium alginate hydrocolloid in the production of
loaf bread. To assess the impact of using Pistacia Aatlantica fruit on
product characteristics, various parameters, including pH, volume
increase in the oven, fat content, color, and sensory attributes, were
examined. The moisture content, total phenols, texture, and thermal
properties of bread were examined both after baking and on the third
and seventh days of storage to assess the alterations in the bread's
shelf life.

Results: Utilizing PAFPAP and sodium alginate hydrocolloid led to
enhanced moisture retention, an increase in texture softness, and a
delay in bread staleness. Furthermore, the levels of fat and phenolic
compounds in breads fortified with PAFPAP exhibited a substantial
increase. Specifically, the breads with the highest concentration of
PAFPAP displayed the highest fat content, and these treatments also
elevated levels of phenolic compounds after the storage period.
Based on the sensory evaluation results, the use of PAFPAP in some
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treatments resulted in a darker color of the bread and a loss in taste
score. However, it led to an improvement in chewability and
softness of the texture, and consequently, an increase in the texture
score of the bread. The sensory acceptance of the produced breads
was deemed good, as indicated by the acceptability index values of
all treatments, which were over 70.

Conclusion: The low extraction percentage of flour used in making
loaf breads reduces their nutritional value and accelerates their
staleness. Therefore, using plant resources like the Pistacia
Aatlantica fruit could be an effective technique for improving the
quality and shelf life of the product. The results of the present
research show that incorporating PAFPAP with sodium alginate in
the production of loaf bread enhances its quality, increases its
nutritional value, and reduces the rate of staleness.
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Figure 1. DSC endotherm curve
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Figure 2. The effect of treatment on moisture content of bread (Means values followed
by the same letters are not significantly different (P<0.05))
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Figure 3. The effect of storage time on moisture content of bread (Means values followed
by the same letters are not significantly different (P<0.05))
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letters are not significantly different (P<0.05))
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Table 2. The interaction effect of treatment and storage time on hardness, Tg and enthalpy of bread

3 1S Ol
s (50) oS Ol

e . (o55e) 3L i (o) Kl 4 3) Ky slos (5 2 Jsp) S
Treatment Stor(zziiey;lme Hardness (N) Tg (°C) Enthalpy (J. g")
0 8.0+0.3" 93.3+3.1™ 174.5+5.2
Control 3 16.10.9' 116.6+3.18 266+2.8"
7 34.2+1.1° 141.125.4% 346.9+4.6"
0 7.7+0.5™ 86.4+1.3%° 163.6+2.8™
T1 3 14.0£0.5% 98.1+2.1™ 248.6+3.0"
7 28.54+0.2¢ 124.3+2.2%% 315.9+2.8%
0 7.5+0.2m 82.2+2.2" 164.3+1.7%
T2 3 14.240.7% 94.6+1.2™ 239.9+0.7%"
7 29.1+1.1% 120.2+1.8°" 314.9+3.2%¢
0 7.4+0.2™P 80.1+0.9" 158.3+2.1%%
T3 3 13.8+0.4 94.3+].5™ 207.6+1.3!
7 27.94+0.3Y 117.5+0.8¢ 308.9+2d°
0 6.9+0.3" 84.5+2.3" 163.1+2.3
T4 3 12.2£0.7™ 93.242.6™ 242.6+2.12
7 27.4+0.7¢" 120.5+0.9°" 307.443.8%
T5 0 6.7+0.3°M 82.4+2°" 161.4+0.6™
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Treatment Stor(eégaf;;lme Hardness (N) Tg (°C) Enthalpy (J.g™)
3 12.540.6™ 91.5+1.2"" 240.6+2.15"
7 27.0+0.8%" 118.9+0.5% 292.7+7.6°
0 67+4.0° 78.4+1.3" 155.3+0.7
T6 3 12.340.4™ 90.1+1.5°P4 236.8+1.3"
7 26.6+1.0" 110.9+6.1" 295.8+3.2°
0 7.940.3™ 90.1+1.1° 170.7+1.1%%
T7 3 14.5+0.3% 108.7+3.2" 255.9+3.4"
7 30.740.9% 132.7+4° 33242.4%¢
0 7.2+(.3" 88.4+1.3P 172.1+3.4%
T8 3 15.040.8’ 107.3+1.0" 255.6+3.6"
7 31.541.2° 126.1+1.4% 335.742.6°
0 7.4+0.1" 86.8+0.7% 164.7+2. 1%
T9 3 13.94+0.2%% 109.4+1.7" 257.7+1.6"
7 31.140.5° 128.0+1.0° 333.3£2.2%
0 7.0+0.5"P4 86.4+1.2%° 168.3+3.7%
T10 3 14.5+0.5% 105.9+1.0Y 252.7+2.0'
7 30.0+0.4% 128.3+3.1° 323.1+2.8"
0 6.4+0.29 89.2+0.7°M 170.7+2.3*
T1l 3 13.4+0.6" 103.7+1.1* 255.6+4.6'
7 29.1£1.7% 120.5+3.3° 326.5+2.1%
0 6.6+0.27 81.1+£3.1% 160.6+0.8*
T12 3 13.5+0.1 100.5+1.94 244.6+£2.5%"
7 28.620.3¢ 122.21.2%f 315.9+1.8%
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Note: Means values in the same column followed by the same letters are not significantly different (P<0.05)
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Figure 5. The effect of treatment on fat content of bread (Means values followed by the same letters are not
significantly different (P<0.05))
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Figure 6. The effect of treatment on total phenolic content of bread (Means values followed by the same letters are
not significantly different (P<0.05))
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Figure 7. The effect of storage time on total phenolic content of bread (Means values followed
by the same letters are not significantly different (P<0.05))
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Table 3. The effect of treatment on pH and color of crust and crumb of bread

s o gy Bad
crust crumb
Treatment pH X3 PP t133) S0 Srp t133)
L a b* L a b

Control 6.44+0.12* 57.84+3.12° 24.28+1.21*°  36.15+1.14% 77.61£1.61* 2.20+0.09°  18.82+1.01°
Tl 6.41+0.32° 47.76+2.21° 20.81+1.11° 32.88+0.97° 74.94+1.13% 5.58+0.12° 15.95+0.70%
T2 6.33+0.15" 45.57+1.03% 19.48+1.07° 32.56+1.06° 69.77+3.16° 5.81+0.27° 15.40+0.30¢
T3 6.32+0.17° 43.52+0.48% 19.52+1.42¢ 32.82+2.01° 64.4242.11° 6.19+0.50° 14.61£0.42°
T4 6.37+0.31° 45.80+2.51™ 18.66+1.13% 32.41£1.01° 73.98+2.01¢ 5.54+0.22° 16.10£0.90°
T5 6.37+0.26" 44.16+2.64% 18.2+1.10° 32.04+1.03 68.67+4.36° 5.82+0.27° 15.83+0.22%
T6 6.3240.14° 42.7141.99% 17.98+1.26° 31.36+1.25¢ 63.51+3.40° 6.1120.55 14.58+0.65¢
T7 6.35+0.25" 42.1+1.65 19.310.30% 26.77+1.96° 76.44+3.83% 2.43£0.15° 18.33+1.02%
T8 6.2620.09* 35.94+0.84¢" 18.09+£0.21¢ 18.71+0.73¢ 76.83+4.71% 2.05+0.17¢ 18.18+0.77°
T9 6.25+0.27" 34.44+0.52" 16.13+0.52f 17.47+1.01" 76.15+2.04% 2.38+0.13° 18.48+0.32%
T10 6.32+0.18° 41.242.49" 19.85+1.14° 23.44+2.21° 75.97+3.06™ 2.30+0.05% 18.440.93%
TI1 6.31+0.44° 36.67+1.55¢ 16.39+1.75 20.37+0.91" 76.05+3.01° 2.39+0.11° 18.78+0.75°
T12 6.26+0.08" 35.18+1.02¢" 14.76+1.25¢ 16.96+0.72" 76.27+4.16® 2.31£0.05% 18.39+1.03%

I (gl e M o3 O s 53 Ot a3 S ke g - (sll sl Sle
Note: Means values in the same column followed by the same letters are not significantly different (P<0.05).
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Table 4. The effect of treatment on sensory attributes of bread

s b Sl A 5 O Sl ey S Sy Sl parll

Treatment Taste Chewability and Crust color Total Acceptance
firmness of texture acceptability index (%)

Control 4.90° 4.6™ 4.80° 475° 95

T1 4.80° 4.5° 4.70% 4.60% 92

T2 435° 4.7% 4.60%¢ 4.60% 88

T3 3.90% 4.7% 4.50%¢ 4.20° 84

T4 4.80° 4.6 4.70% 4.70% 94

T5 4.40° 4.6 4.35° 4.50° 90

T6 3.80¢ 4.8° 445 4.30° 86

T7 4.80° 45° 4.00¢ 4.20° 84

T8 4.40° 45° 3.80¢ 4.10° 82

T9 4.00% 45° 3.15¢ 3.75¢ 75

T10 4.80° 4.6 4.05¢ 4.25° 85

T11 4.50° 4.7% 3.80¢ 4.15° 83

T12 4.05° 4.8° 3.20° 3.85¢ 77

L (5ol3 e M 153 0 prlan 53 g 53 S ate by (sl sl Sl
Note: Means values in the same column followed by the same letters are not significantly different (P <0.05)
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