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5. Whey protein concentrate
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Figure 1. Effect of different concentration of MTGase and PG on the color of cheese samples
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Figure 2. Effect of different concentration of MTGase and PG on the appearance of cheese samples

Table 1. The results of analysis of variance (ANOVA) of the effect of different
concentration of MTGase and PG on the color and appearance of cheese samples

during the cold storage

Storage time (day)

Parameter Factor
1 30 60
MTGase
concentration (U/g
protein)
0 8.16 + 8.072 + 7.879 +
0.23% 0.2002 0.276%
0.50 8.34 + 8.720 + 7.989 +
' 0.142 0.2892 0.1962
1 8.03 + 7.933 + 7.706
Color 0.22° 0.2012 0.260°
PG concentration
(%)
0 8.09 + 7.93+ 771+
0.212 0.282 0.292
8.16 + 8.00 + 793+
0.25 0.222 0.192 0.272
0.50 86228; 861;73 7.94 +0.18°
MTGase
concentration (U/g
protein)
0 8.07 £ 8.039 + 7.944 +
0.2562 0.173° 0.235°
05 8.20 + 8.194 + 8.183 +
' 0.1822 0.1552 0.2422
Appearance 1 8.18 + 8.056 + 7911 +
0.1732 0.124b 0.215°
PG concentration
(%)
0 8.06 + 7.97 + 7.93+
0.19° 0.15° 0.16°
8.12 + 8.13 + 7.94
0.25 0.18# 0.142 0.24b
8.27 8.19 + 7.97 +
0.50 0.212 0.142 0.29?
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Figure 3. Effect of different concentration of MTGase and PG on the flavor of cheese samples

Table 2. The results of analysis of variance (ANOVA) of the effect of different concentration of MTGase and
.PG on the flavor and texture and consistency of cheese samples during the cold storage

Storage time (day)

Parameter Factor
1 30 60
MTGase concentration (U/g

protein)
0 7.54 +0.44° 7.64 +£0.23° 7.80 £ 0.52°
0.50 7.84 +0.532 8.01 £ 0.36° 8.11 + 0.56°
Flavor 1 7.53+£0.41° 7.07 £0.25° 7.79 £ 52°

PG concentration (%)
0 7.18 +0.26°¢ 7.44 +0.25° 7.311 +21°
0.25 7.60 +£0.21° 7.83+0.29° 7.93 £0.23°
0.50 8.14 +0.28° 8.07 £ 322 8.46 + 0.30?
MTGase concentration (U/g

protein)
0 6.80 + 0.64° 7.00 £0.78%® 7.43 +0.65%
Texture 0.5 7.00 + 0.622 7.22£0.29° 7.46 +0.50?
1 6.94 +0.722 6.90 +0.30° 7.07 £0.43°

PG concentration (%)

0 6.25+0.21° 6.41 +0.26° 6.74 £ 0.24°
0.25 6.80 + 0.25° 6.81+0.18° 7.34 +£0.24°
0.50 7.69 +0.20° 7.90 +0.30° 7.87 £0.37°
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Figure 4. Effect of different concentration of MTGase and PG on the texture of cheese samples
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Table 3. Effect of different concentration of MTGase and PG on the brightness of cheese samples
during the cold storage

Storage PG concentration MTGase
Parameter period (%) concentration (U/g Mean = SD
(days) protein)

0 0 1.38+89.07
0 0.5 1.148+90.61

0 1 1.22+89.16

0.25 0 1.57+90.95

1 0.25 0.5 1.31+91.97
0.25 1 1.60+91.00

0.5 0 1.40+91.51

0.5 0.5 1.17+92.28

0.5 1 0.54+92.51

0 0 1.84+86.78

0 0.5 1.58+88.95

0 1 1.43+87.55

0.25 0 1.47+87.41

Brightness (L*) 30 0.25 0.5 0.71+88.80
0.25 1 0.43+87.68

0.5 0 1.54+89.30

0.5 0.5 1.09+90.42

0.5 1 1.82+89.63

0 0 2.16+84.84

0 0.5 2.16+86.64

0 1 2.05+86.11

60 0.25 0 1.84+86.58
0.25 0.5 1.39+87.99

0.25 1 1.42+87.56

0.5 0 1.63+87.47

0.5 0.5 1.214+88.76

0.5 1 1.02+88.55
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Figure 5. Effect of different concentration of MTGase and PG on the survivability of lactic acid bacteria

ool el (il e sdalin LB 1SS 53 45 £ S0len
oS358 B PG jas 035331 4 315 0L anlllas
x5 2 s s MTGase w5l 0ol 5 sl
DU ey lanisel 5> e 5 SIS AS, Al
Lz B Al Ol o SVL (P> 070 0) sl el o e
LoIv0 5 5kl IS Sl s m-ﬂ O Y CE L JUC I
Comer SRl Jlasl s ad sdalie )b fes
3l &S ol ol s doys Rl L s jese 5 SIS
4 3,8 on 513 el 515,800l 253 Sl 5 6305
2 g B s, el sl Jlisa |y ol YL cles
2 s LS e Ll e 55 5T 035580
L 53550 DS 5 00 2ol e s Sl g el e
Slyode by wsdlea AL Lar.w.,'.lf)lb@ o
v Sl 53 s 5 S A s S
Ll MTGase o 51 5 PG L sdd e o zaS 83,0L1 3

(8 o) (23l s bslinn Sl s 5 Sy ,2alS

104

Lo yoses 5 S Ay Oljme gy —F—t

Jole (b s o gl sl b (a8 Syl ol S
Gladsly B els Jiosn pilse 3 Ay iy il
CRUIML ol o3 55 ek psba s 75 oI )58
93t SO 5 3l sy B Jhe 10T
o el 5 Kol 3555 i s 31 Lags il 3
o lessl Sodl amen T leda o3
W5 e sl (S0 51 20 Ll e LSS by
Oseml ooy Lld plnil Sl o5igar Laesysl 50
5 e sk ol belse 5l eSS Vsane o 8150
ol S Lol i g ol g ) laos 5l L
Sl i 2ol 4 i s LBedl3ClES slaos sl b s
—od5l b e e ae s A A s ) B
S5 n Slld B bl pesbds bl s b
FoeS 5 Lile plaes sl b s (KS slud LAl
Ol 02 03 KS oAl 5 HD b bl e 5 s

IYA 538 o Wnos 515



VY o AR 092 Ao BJLQ*:’

O|j_‘ &‘.'\.'9 GL&}‘:}\&M

Table 4. The results of analysis of variance (ANOVA) of the effect of different concentration of MTGase and PG on the
survivability of lactic acid bacteria, molds and yeasts of cheese samples during the cold storage

Storage time (day)

Parameter Factor
1 30 60
MTGase concentration (U/g protein)
0 7.27 £0.652 8.92 + 0.66° 7.73 £0.642
0.50 7.10 £ 0.542 8.60 + 0.64% 7.34 +0.67%
Lactic acid bacteria 1 6.58 £ 0.52° 8.16 + 0.50° 6.94 + 0.65°
(Log cfu/g) PG concentration (%)
0 6.47 £0.41° 8.04 £ 0.62° 7.08 £ 0.80%
0.25 7.03+£0.51° 8.68 £ 0.51° 7.31+£0.702
0.50 7.45 £ 0.55? 8.97 £0.53? 7.63 +0.552
MTGase concentration (U/g protein)
0 1.08 £0.532 1.02 £0.642 2.06 £ 0.452
0.5 0.97 £ 0.462 0.92 £ 0.592 1.79 £0.56%
MO('E'S ag?ugem 1 0.83£025  086+0.76° 163 0.56°
9 9 PG concentration (%)
0 0.86 + 0.562 0.90 £ 0.702 1.47 £0.34°
0.25 1.15+0.442 112 +0.772 1.79 + 0.34%®
0.50 0.87 £ 0.49? 0.78 £ 0.442 0.21 +£0.63?
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Figure 6. Effect of different concentration of MTGase and PG on the count of molds and yeasts
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The present study was conducted to investigating the effect of Persian
gum (PG) and microbial transglutaminase (MTGase) on sensorial,
color and microbial 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/g of protein. The results
revealed that the treatment of cheese samples with PG and MTGase
enzyme had a positive effect on the sensory and quality characteristics
of the product. In general, the cheese sample containing 0.5% PG and
0.5 units of MTGase enzyme attained the highest sensorial scores.
Based on panelists’ preference, during the storage time, aroma and
texture scores increased while color and appearance attributes
decreased. The results obtained from the analysis of color values
revealed that the lightness (L*) of cheeses increased with the addition
of PG and MTGase enzyme treatment and decreased with the passage
of storage time. Unlike the lightness, PG and MTGase enzyme had no
significant effect on a* (red-green) and b+ (yellow-blue) values of the
experimented cheese samples. The results obtained from the
microbial evaluation showed that the addition of PG increased the
viability of lactic acid bacteria (LAB), but it had no effect on the count
of mold and yeasts. On the other hand, increasing the concentration
of the enzyme decreased the growth and survival of the studied
microorganisms. The results of this study showed that PG can be used
as a fat substitute along with MTGase enzyme to produce ultrafiltrated
low-fat white cheese with favorable technological and sensory
characteristics comparable to high-fat cheese varieties, and the best
sample of ultrafiltrated semi-fat cheese is obtained using a treatment
containing 0.5% PG and 0.5 unit of MTGase enzyme.
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