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5. Response surface methodology
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1. Whey protein isolate
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Table1 The RSM experimental design for development of fatranian white cheese incorporated
with whey protein isolate and treated with trantghinase

Independent variables

Standard Coded levels Uncoded levels
order TG FAT WPI

X1 X2 X3 (ulg protein) wiw) (gl milk)
1 -1 -1 +1 0.0 0.4 6.0
2 0 0 0 1.0 0.9 3.0
3 -1 -1 -1 0.0 0.4 0.0
4 0 +0.5 0 1.0 1.15 3.0
5 0 0 0 1.0 0.9 3.0
6 0 0 0 1.0 0.9 3.0
7 -1 +1 -1 0.0 1.4 0.0
8 0 0 0 1.0 0.9 3.0
9 0 0 0 1.0 0.9 3.0
10 +1 -1 -1 2.0 0.4 0.0
11 +1 +1 -1 2.0 1.4 0.0
12 0 -0.5 0 1.0 0.65 3.0
13 +0.5 0 0 1.5 0.9 3.0
14 -1 +1 +1 0.0 1.4 6.0
15 0 0 +0.5 1.0 0.9 4.5
16 +1 -1 +1 2.0 0.4 6.0
17 +1 +1 +1 2.0 1.4 6.0
18 -0.5 0 0 0.5 0.9 3.0
19 0 0 0 1.0 0.9 3.0
20 0 0 +0.5 1.0 0.9 1.5
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Fig 1 Response surface plots for interaction effectoohfilation ingredients on M:P ratio of low-fathian white
cheese incorporated with whey protein isolate asatéd with transglutaminase
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Fig 3 Response surface plots for interaction effectoohfilation ingredients on hardneffdow-fat Iranian white
cheese incorporated with whey protein isolate asatéd with transglutaminase
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Fig 4 Response surface plots for interaction effect®ohtilation ingredients on adhesiveness of low+anian
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white cheese incorporated with whey protein isotate treated with transglutaminase

Table 2 Regression coecients of predicted quadratic polynomial modelsdifferent respons:

A: TG (w/g protein)

Coefficients M/P  Yield HardnessAdhesiveness Cohesiveness Springiness Color Texture Flavour Total point
Constant 3.65 10.27°  0.59" 1.90 0.36" 15.30 6.63 897  4.68 65.98"
Linear
By 0.18 -022 0.07 -0.38 0.03" 0.75 ns -0.6" ns Ns
B> 0.25° 057" -0.36" 0.64" -0.07" 238" 083" 174" 146" 14.75°
Bs 036" 113" -0.23" 0.30 -0.07" -2.64" 048 074" 1147 Ns
Interaction
Blz ns ns ns ns ns ns ns ns ns ns
Bis 0.14 ns ns ns 0.02 ns ns ns ns ns
Bos 0.14 ns 0/13 ns ns 0.55 ns -047  -0.24 -3.15
Quadratic
Br1 -0.77 -1.44 ns ns 0.12 ns ns -2.59 ns ns
[322 ns ns ns ns ns ns ns ns ns ns
[333 ns ns ns ns ns ns ns ns ns ns
R’ 0.969 0.983 0.972 0.887 0.981 0.977 0.8880.982  0.979 0.949
R%adjust 0.942 0.968  0.947 0.768 0.964 0.957 0.7870.966  0.960 0.904
Lack of fit 0.051 0.13 0.09 0.06 0.06 0.19 0.77 0.12 0.84 0.20
CV 359  2.60 10.91 16.94 4.90 3.69 470 4.23 5.64 6.01

B1, B2, & Psare TG, fat and WPI, respectively.
ns: no significant effect at level<0.05; Withotdarsp<0.05; *p<0.01; **p<0.001
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Fig 7 Response surface plots for interaction effectoohiilation ingredients on total sensory score offat

Iranian white cheese incorporated with whey proisitate and treated with transglutaminase

e (oo Hliel 5 (5l 4 Y0
s Design Expertsie 5 ssie 058 metl ST
033de 5 Slal .l eslinl muly i Olejan 035 eart
S G S SRy 4 e b bl gl o
g Rt el loang 5 A3 bl (F o)
il el S sl it ang pslie oS 5l 0L g3l

VA 5w ol Glants s danl s e Sl S

Table 3 Performance of models in predicting the optimunmfolation ingredients

] . Hardness Adhesiveness Springiness Cohesiveness Total sensory
0,
M:P o Yield (%) ") (kg.s) (mm) & score (1-100)
Predicted 3.73 10.31 0.72 1.63 15.00 0.33 57.85
Experimental 3.70+0.11 10.19+0.13 0.74+0.03  1.53+0.3 15.9841.1  0.36+0.03 55.42+5.03

Control full-fat

3.65+0.06 11.28+40.42 0.6+0.04

1.33+0.2 16.09+1.2 0.532+0.45 88.21+6.01
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I nfluence of transglutaminase treatment and whey protein isolate on
physicochemical, textural and organoleptic properties of low-fat
white-brined cheese
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The present work aimed to evaluate the impactasfsiglutaminase treatment (0-2 Umilk protein) and
whey proteins isolate (0-6 g/l milk) on physicoclieah textural and organoleptic properties of laat-f
(0.4-1.4% milk fat) white-brined cheese. Data shibteat fat reduction was concomitant with significa
decrease in moisture to protein (M:P) ratio, réisglin increased hardness, cohesiveness, and s@#sg
and decreased adhesiveness, cheese yield and @nsooeptance. Whey proteins, despite improving
textural characteristic, did not significantly infince the total sensory scores of the low-fat wiiteed
cheese attributed to their adverse effect on theofl acceptability of the final product. Increase i
transglutaminase concentration up to a criticatlewhich was dependent on whey protein concentrati
promoted the M:P ratio and hence caused incredseekse yield and deceased hardness, cohesiveness,
and springiness; but further increase in enzymeaumnation adversely affected the textural attebut
Response surface optimization revealed that trgatia cheese milk (0.99% w/w fat) containing 5.05 g
why protein isolate with an enzyme concentratiof.8fL U ¢ milk protein, makes it possible to produce
a low-fat white-brined cheese with desired textarad organoleptic characteristics.

Keywords: Low-fat white-brined cheese, Whey protein isglafeansglutaminase, Texture, Sensory
attributes
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