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1. Metrohm
2. Texture Analyzer
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1. Central composite
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Table 1 Coded and un-coded levels of independent variables according to a central
composite design

Independent variable Level
-0 -1 0 +1 +a
MTGase (unit/g protein) 0 0.4 | 1.59 2
Fat (%) 0 2.03 5 7.97 10
WPC (%) 0 3.24 8 12.76 16
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Fig 1 Response surface plots for interaction effects of formulation ingredients on M/P content of low-fat ultrafiltered
cheese incorporated with whey protein concentrate and treated with transglutaminase
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Table 2 Regression coefficients of predicted quadratic polynomial models for different

responses
) Fracture stress Young’s Storage modulus  Loss modulus
Coefficient M:P
octHicrents (o) modulus (E) (G (G")
Constant 3.58" 45.59" 139.78" 63.90" 31.817
Linear
B, ns 2.63" 7.35° 10.67° 3.73
B, 0317 -3.90" -11.317 -29.99" -12.47"
Bs 0.05 -1.96 -5.25 -11.257 -3.67
Interaction
Bz ns ns ns ns ns
Bis ns ns ns ns ns
B3 ns ns ns ns ns
Quadratic
B11 ns 1.51 4.46 ns ns
B 0.05 ns ns 11.86" 3.70"
B3 0.07° ns ns ns ns
R’ 0.9607 0.8692 0.8820 0.9792 0.9310
R’-adjust 0.9253 0.7514 0.7758 0.9606 0.8689
Lack of fit 0.14 0.29 0.27 0.23 0.52
Ccv 2.11 5.26 4.60 8.14 12.85

B1, B2, & B3 are TG, fat and WPC, respectively.

ns: no significant effect at level<0.05; Without star p<0.05; *p<0.01; ***p<0.001
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1. Coefficient of determination
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Table 3 Performance of models in predicting the optimum formulation ingredients

Fracture Young’s Storage Loss
M:P stress modulus modulus modulus Desirabilit
(kPa) (kPa) (kPa) (kPa) Y
Predicted 3.81 42.70 131.63 40.60 22.20 0.72
Experimental ~ 3.75+0.08 43.96+1.92  133.66+3.04  42.33+£2.05  23.66£1.51 = ----—-mm--
——FF —f—LlF =—f—(W+TG) =—0—FF —@—LF —&—(W+TG)
60
90
50 80
40 L
= 60
£ 30 " 50
s <
© = 40
©
20 -
10 20
10
0 0
0 50 100 150
0 50 100 150
FREQUENCY (HZ)
FREQUENCY (HZ)

Fig 2 Storage and loss moduli of ultrafiltered cheese
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Fig 3 Microstructure of (A) control full-fat, (B) control low-fat and (C) and optimized low-fat ultrafiltered cheese.
Tri-dimensional (3D) images of SEM micrographs are shown below the original images.
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Table 4 Means+SD of sensory attributes of different cheese samples

Flavor Texture color total point

Control full-fat 7.8+0.83° 7.1£1.02° 7.5+0.55° 74.9+£5.8°
Control low-fat 2.6+1.14° 4.1%1.4° 2.240.73° 31.644.2°
Optimized low-fat 6.0£0.73° 6.9+0.9" 6.8+0.63" 64.4+5.3°

*“Means within the same column with different superscripts differ (P<0.05)
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Ultrafiltered Feta Cheese has the highest per capita consumption amongst cheese varieties in Iran;
however, there is mounting concern about the adverse health effects associated with high fat content of
such products. On the other hand, fat reduction in cheese is usually accompanied by loss of rheological
quality. The present research was thus aimed at improving the rheological properties of low-fat Iranian
UF-Feta cheese by incorporation of whey protein concentrate (WPC) (0-16 per cent replacement of WPC
solution with retentate, V/V) and enzymatic treatment of transglutaminase (0-2 units/g protein). The
results revealed that lowering the fat content adversely influenced the textural characteristics of UF-Feta
cheese through increasing rheological parameters including fracture stress and Young’s, storage and loss
moduli. Incorporating the whey protein into the cheese matrix significantly promoted the moisture to
protein (M: P) ratio which in turn led to improving the rheological properties of low-fat Iranian UF-Feta
cheese. It was observed that enzymatic treating of the retentate particularly at the higher concentration of
transglutaminase would result in cheese samples with firmer texture in terms of investigated rheological
parameters. Response surface optimization showed that desired rheological properties for low-fat Iranian
UF-Feta cheese were obtainable using 5.53% fat, 0.405 TG and 12.75 WPC. The low-fat Iranian UF-Feta
cheese with optimum formulation exhibited the rheological properties similar to full-fat control cheese
(containing 16% fat) and had a more porous structure in comparison with low-fat control sample. Sensory
evaluation revealed that the optimized sample was considerably more appreciated by consumers than its
low-fat counterpart.

Keywords: Low-fat Ultrafiltered cheese, Transglutaminase enzyme, Whey protein concentrate,
Rheology, Response Surface Methodology.
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