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3. Storage modulus
4. Milk protein concentrate
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1. Fracture stress
2. Young's modulus
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Table 1. Chemical properties of retentate and milk protein concentrate (MPC) powder used in the production of
cheese samples

Component (%)
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Substance Lactose Ash Fat Protein
Retentate 2.70 1.40 15.35 12.38
Milk protein concentrate (MPC) 16.50 8 1.30 70
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5. Gumminess
6. Chewability
7. Quark cheese
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1. Hardness

2. Adhesiveness
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FIG. 1. Effect of different concentration of microbial transglutaminase (MTGase) and Persian
gum (PG) on the pH of cheese samples
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Table 2. The results of analysis of variance (ANOVA) of the effect of different concentration of MTGase and PG
on the pH and syneresis of cheese samples during the cold storage.

Storage time (day)
Parameter Factor 1 30 60
MTGase concentration
)
0 481 +0.09% 4.69+0.11° 4.61+0.06°
473 +
0.50 4.82 +0.072 0.11% 473+0.102
oH 1 487 +0.11* 4.84+0.132 4.79+0.802
PG concentration (%)
0 490+0.062 4.84+0.112 4.74+0.102
b 475+ a
0.25 4.80 = 0.05 0.10® 473+0.13
0.50 476 £0.05* 4.67+0.12> 4.66 +0.93?
MTGase concentration
V)
0 1.31+059% 5.05+048> 4.23+158?
0.5 0.68+0.33° 1.77+0.80° 0.14 +0.99°
Syneresis 1 1.55+0.90° 6.29+1.02% 5.81+2.712
PG concentration (%)
0 1.59+0.758 5.07+2.24% 4.90 +2.89?
1.08 + a 331+
0.25 0.40% 4.39+1.93 373
0.50 0.88+0.83° 3.65+2.16° 0.98+0.36°
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1. Dense aggregates
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FIG. 2. Effect of different concentration of microbial transglutaminase (MTGase) and
Persian gum (PG) on the syneresis of cheese samples
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1. Soft Sardaigne-type cheese
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Table 3. The effect of different concentrations of microbial transglutaminase (MTGase) and Persian gum (PG) on the texture of the cheese samples during
the cold storage period (Mean + SD)

Textural parameters

Storage period PG concentration MTGase Hardness  Adhesiveness Cohesiveness Springiness  Gumminess  Chewiness
(days) (%) concentration (U) (N) (N.mm) (mm) (N) (N.mm)
0 0 3.61+0.07 -0.32+0.03 0.45+0.03 7.98+0.23 164+0.11 13.05+0.61
0 0.5 3.38+0.08 -0.52+0.04 0.45+0.04 7.74+022 153+0.14 11.86+0.93
0 1 3.91+0.09 -0.30+0.03 0.54 +0.05 8.97+0.15 212+0.15 19.04+1.08
0.25 0 3.15+0.09 -0.44+0.03 0.42 +0.02 7.70+£032 1.34+£0.10 10.29+0.79
1 0.25 0.5 291+0.10 -0.59+0.02 0.42 +0.03 749+0.26 1.22+0.09 9.15+0.31
0.25 1 3.27+0.06 -0.41+0.03 0.50+0.04 8.73+£0.29 166+0.15 14.45+0.79
0.5 0 2.86+0.06 -0.52+0.03 0.40 +0.02 752+027 1.14+0.04 8.60 £0.31
0.5 0.5 2.33+0.12 -0.70+£0.04 0.40+0.01 7.39+0.23 0.94+0.07 6.95 +0.36
0.5 1 2.98+£0.07 -0.46+0.04 0.48 +0.04 8.49+026 145+0.08 12.28+0.35
0 0 415+0.16 -0.25+0.03 0.42 +0.03 7.91+031 1.77+£0.04 13.98+0.29
0 0.5 3.66+0.29 -0.45+0.04 0.42 +0.03 7.64+£027 153+£0.15 11.69+0.86
0 1 423+0.23 -0.28+0.03 0.50+0.04 8.87+0.06 211+0.21 18.75+1.80
0.25 0 344 +0.11 -0.29+0.01 0.39+0.01 7.69+045 143+£0.07 10.32+0.69
30 0.25 05 3.18+0.15 -049+004 037+003 749+034 1.20+006 8.95+0.16
0.25 1 3.68+0.10 -0.30+0.03 0.47 +0.03 8.64+028 174+0.12 15.01+0.63
0.5 0 3.07+0.10 -0.39+0.02 0.37+0.01 753+040 1.16+0.07 8.72 £0.72
0.5 0.5 2.76+£0.23 -0.53+0.02 0.40+0.03 731+0.27 112+0.17 8.17 £1.37
0.5 1 3.04+0.13 -0.36+0.03 0.44 +0.03 8.32+0.20 1.35+0.12 11.21+0.74
0 0 3.42+0.77 -0.28+0.03 0.39+0.03 7.75+0.19 1.33+0.27 10.27 £2.03
0 0.5 3.46+0.19 -0.48+0.04 0.40+0.01 758+0.25 141+0.07 10.67 +0.67
0 1 4.04+0.16 -0.33+0.04 0.46 +0.03 8.71+0.13 189+0.15 16.44+1.50
60 0.25 0 3.25+0.17 -0.32+0.01 0.37+0.02 7.31+0.17 1.21+0.04 8.86 £0.12
0.25 0.5 297+0.09 -0.53+0.03 0.39+0.02 7.05+£0.08 1.16+0.04 8.16 £0.23
0.25 1 354+020 -0.33+0.02 0.44 +0.02 8.28+0.23 156+0.11 12.90+0.59
0.5 0 295+0.22 -0.39+0.02 0.34 +0.02 7.06+£0.06 1.00+0.05 7.06 £0.41
0.5 0.5 267+009 -0.60+0.02 0.36+0.00 656+091 096+0.04 6.29+0.28
0.5 1 301+013 -0.39+0.03 040+0.02 7.70+0.14 121+0.06 9.34+0.25
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The current investigation was conducted to study the effect of Persian
gum (PG) and microbial transglutaminase (MTGase) on textural
characteristics of ultrafiltrated semi-fat white cheese during 60 days
of cold storage. In order to produce semi-fat cheeses, PG was used at
three levels of 0, 0.25, and 0.5% and MTGase enzyme at three levels
of 0, 0.5 and 1 unit (U) per gram of protein. Cheese samples without
any treatment were considered as control samples. The findings of this
study revealed that addition of PG, opposite to MTGase, caused a
significant reduction of the cheese pH values (p < 0.05). During the
storage period, the pH values of all cheese samples decreased, but
statistically there was a significant difference only between the first
and 30th days of storage. During the storage period, the addition of
PG led to a decrease in the amount of hydration of the samples until
the 30th day of storage, but then the amount of hydration of the
samples increased until the end of the 60th day. The results obtained
from the analysis of the texture characteristics revealed that MTGase
treatment up to 0.5 U decreased the firmness, gumminess, springiness
and chewability and increased the adhesiveness of the cheese samples,
but using a higher amount of the enzyme (1 U) caused a significant
contrary change in the mentioned trend (p>0.001). Also, the addition
of PG decreased the firmness, cohesiveness, gumminess, springiness
and chewability and increased the adhesiveness of the cheese samples
(p < 0.001). In general, with the passage of time during the cold
storage, all the textural parameters, except adhesiveness, decreased
significantly. The results of this research showed that it is possible to
produce cheese with good quality by using the levels of 0.25 to 0.5%
PG and 0.5 unit of MTGase.
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