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Table 1 Chemical properties of principle
material of cheese formula

—
Raw Ash DM TN Fat A&i‘géty i
material % % % % . p
acid)
Milk 074 125 33 340 0.18 6.61
Cream 040 365 24 30 0.15 6.52
MPC  6.70 9%'5 71 7.05 . 6.40
WPC  8.00 9%'0 35 810 . 6.50

oy M E Ly, -Y-
$l) asls s WPC s MPC sl s s oy 45 (sl
035573 L5 by i s 50 Slads s G (o (e
Vs 4 s esls ol = £0—00°C glos j bl il
35 e 3038 (6,800 ayn g B s 3l Oley 0 4 sl
s Vo Do 4 WOC (slos 55 5 0ol sen LV i3
~£4°C Glas B 0T 5l oy 5 <55 &0 O el ) 520l
Vel asly) e) Silel ciS Wl s 5w e
Los fpmad 5o adda Ve Ddo o 5 =B 00 4 (2

Sl s el gl 8 s b e SHETL as glueS
CBI8 5l ey sl anils <y 0s 58 3 L3 1, Ve pH
M(MJ&J)!MWQ)}«&@)&«J@LAJJ|
Sy s 0 S VOl e S IS SV/0 Ol
ol A WLl by lss o p SV ee (l3l a0 S 0/ 8005
D3 Ve g a5V (Sadly Gy b s bl
L cnle 3 53,5 sbul asd b s (5,145 ¥0°Csles
Slp sy S sy Sl Sk pae ] SR
5 S 800 Sl S s celn t Sods 4 g 5
D300 s L albts o po sl $A Sl 4 s
bl caliss S0l b e cpl 51 day b sl i S
“ S5 Sl il Jge b (il ol a5
Bl s a5 UF gl iy 8L 5 ol 550 gla

A s S sllas o 2l b ang (gabal 5 el

W ga 3l —¥-Y

“ 50 APC s 1 5 (IS cola (A C38 5l e
A S 3 5 saosesl )se o3l iy sl
Sl 55 55 sl 05051 -V -Y-Y

ool G5 s 4 2 (PO P 4 JS el slse
el 0 (WIW) SV el (slos & goel 25 LB

YAO

LSS sd Sl 5 Sl b s iy 4 LS s
WPC i oslizal L (YY) (ol 5 gk V] usS W
e A ol a ol cod) MPCy (s TAY)
e ST Sy 5 WS L KT o sl ey (T
sl 55 (T gad 45 3 ged edalies s S Ll O
@ o sy coi U MPC 5 WPC Ll
Avar Yo Cond b G0 500 4 Soed A3 Ve g T 3508
(I 0555 31N g7 55 0 e sl S as s
e kS B page sla)sSL L ()als 6k ol
G Sy 03 G5 I 5 Al b By O e b !
Oy Gl plal 51 Oa Ljls 8 plg Jsaes
S g Ol d B S 55 a5l ol e gy 0¥ gn 5
S 555 M5 Sy o Sed 5 ST (el 035l 5 Lok

Al calee 2VLE ol o Dls st L

a uj'-” 9 .:‘_9.4 -Y

adgl sl —)-Y

OSa g ekl Bdsd agy 5 el e sely o3l el 5
Ldis g 5 (Ol Gled) sl oS 25,5 51 MPC) 2
«¢ ol Glanbiacs 2 5| (WPC) o T 55, ol
SlS 5l et Gl Sns ) oled Jodr S
UL S g5 Sl P Salinl e sdalia
Saccolnternational ) Microclerici-st:2040 ¢l
g5 3 S3Ll s (U Caglificio Clerici SpAClerici
FEM (5l ol U fenipd o 4 ks oS wle
s 48 - (OWiOptiferm GmbH)Feferm
b Sl el sSY 5 phdse i S
CS S ek aka gk S g sy 45
SIS A8 Bras andS LIS A a5l Ll
8 Sl o5lS IS8 5l e SV lallyd 5 5y Ol

..\.pﬁ

4. lyophilized direct-to-vat mixed culture
5. Streptococcus thermophilus
6. Lactobacillus delbrueckii subsp. bulgaricus
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13. Simplex Lattice

14. Mixture surface plote

15. Mixture contour plote

16. Coefficient of determination
17. Lack of fit
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7. hardness

8. cohesiveness
9. adhesiveness
10. gumminess
11. chewiness
12. springiness
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Table 2 Experimental design

) - ) Run WPC(%) MPC(%) cream(%)

03 13 sxe (ANOVA) (b5 50T dsde 5l eslinl 1 333 833 433
ol a6l s S5 e ol o Llie S 2 6.67 6.67 46.7
Erle 2 S Sy e 2 ‘5% ” 3000 100 50.0
o eols A5l sladde S L5 Sl o S s 0 4 0.00 5.00 55.0
e . . P2 B2 . 5 5.00 5.00 50.0
eslawl U’M)‘ﬁ €.¢\.9 S 9 JJ.A ol CM_ R cR JJ“ALLA )l 6 500 100 450
i OVslas 358 e o ks ¥ Jsdr 3 oS shiles s 7 0.00 15.0 45.0
. ] . ) 8 10.0 5.00 45.0
v /A )M )‘54\)2-)_3 v_ﬂb O ‘—"l‘f'p _)\ ol Sy 9 1.67 11.67 46.7
Ll ol Sk o e &l o 4 ol sl ‘(R2> 10 0.00 15.0 45.0
T o T RO O e R 11 100 5.00 45.0
Sl ole pde 8 5l 0L s 25l eslial LB 12 0.00 10.0 50.0
S P 13 0.00 5.00 55.0

| . . ool | oL o'. | < 4.\.15
i et e 14 167 6.67 51.7
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Table 3 Predictive models for properties of whey less Feta cheese™

Responces Predictive models R? R*(adj)
) 0.574 A™7-2.550B" +17.48¢C" +0.030 AB™-0.416 AC ™ -
0
Syneresis (%) 0.148BC™" 0.998  0.988
0.680A™" -0.545B™"+8.836C"""+0.025AB™-0.183AC""" -
0,
DM (%) 0.054BC™ 0.939  0.900
0.474A™" -0.046B™"+4.950C""-0.0054AB™-0.116 AC™"-
0
Fat (%) 0.026BC™ 0.991  0.985
Acidity (% lactic  0.025A™" +0.142B™" +0.022 C "*"-0.0033 AB"-0.000028 AC™+ 0946 0913
acid) 0.00026BC™ : :
0.018A™"+0.096B™"-0.124C™""-
0
Salt (%) 0.001 AB™+0.0037AC™+0.0017BC"™ 0939 0.900
TP (%) 0.07A""-0.068B""+1.7C""+0.018 AB™-0.031AC™-0.018BC™  0.984  0.975
0.075A""+0.424B""+0.455C""-0.0065 AB™-0.0067AC™-
pH 0.0044BC™ 0.945 0911
0.031A™-0.083B™" -0.148C"""+0.0046 AB™+0.0064 AC™-
0,

Ash (%) 0.0075 BC" 0.920  0.869
Hardness (g) 13.4A™"+676.8B""+181.£C™"-14+ AB""-5.57AC™+0.28BC™  0.979  0.966
Cohesiveness 0.0094 A*+0.0036B""-0.025 C™* 0.867  0.846

Gumminess (g) 6.47A ""+304.9B"7-80.0C""-6.27AB +1.21 AC™-2.35BC™ 0.942  0.906
Chewiness (mj) 0.125 A™"+1.24B""+0.446C"™" 0.869  0.846
. 0.026A™"+0.270B"*"-1.28C™""-
Siprine () 0.00034AB™+0.026 AC™+0.013BC™ 0923 0.875
Adhesiveness 0.084A""+0.41B™"-0.055C"""-0.014AB™"-
(mj) 0.0031AC™+0.014BC™ 0.988  0.981
1.035A""+2.89B ""+0.718C™"-0.039AB""" +0.00075 AC™

COIOr-L +004OBC*** 0983 0.972

0.072A™"+0.18B""-0.214C™™ -

Sl 0.0066AB*+0.0042AC™+0.006BC™ 0.984 0975

0.39A™"+0.51B "+0.13C""- 0.012AB™-

Calows 0.00033AC™+0.017BC™ 0.979 0967

Acceptance 0.08A""+1.58B""+1.64C"""-0.034AB"-0.040AC"-0.02BC™ 0.909  0.852

a: A: cream%, B: MPC%, C:WPC
b:*** (p<0.001), ** (p<0.01), * (p<0.05), ns:(non significant)
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Fig 2 mixture surface plots of syneresis(a), Dry
matter(b), Fat(c), Acidity(d) of cheese samples (A:
cream%, B: MPC%, C:WPC).
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Table 4 Physico-chemical characteristics of Feta cheese for optimization

Name Goal Lower Limit Upper Limit
A: cream (%) is in range 45 55
B: MPC (%) is in range 5 15
C: WPC (%) is in range 0 10
DM (%) is target = 37.5 36 38
Fat (%) is target = 16.5 16 17
Acidity (%) is in range 1 1.3
Salt (%) is target = 1.35 1.3 1.4
TP (%) is target = 12 11.5 12.5
Syneresis (%) Minimize 0 13
pH is in range 4.6 52
Ash (%) is in range 2.5 3.27
Hardness (g) >1000 150 1395
Cohesiveness is in range 0.4 0.56
Gumminess(g) is target = 502.4 300 650
Chewiness (mj) is in range 17 22
Springiness(mm) is target =4.05) 3 5
Adhesiveness(mj) is target = 1.5 1 2
Color-L is target = 63.5 60.5 63.5
Color-b is target = 19 17 21
Color-a is in range 1.5 3
Acceptance Maximize 1 43
. S o 4 st -8
S bl e Gl Wl SIS b B
eSS s s Sl Blw S sl ol AT 3
o b s esliul gl o 5 bl
0.000 5.000 . . .
Y, sy by e sladde elul il iS slaasls
umm' L2 A S 1 s gs) el Sy SO JEs 5o 5 edd e

15.000 45,000
B: MPC (%)

Overlay Plot

10.000
C: WPC (%)

Fig 7 Contour plote of optimal zone
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Table 5 Physico-chemical characteristics of cheese produced at the optimal point

Syneresis(%e) | DM(%) Fal(%) Acidity(%) salt(%) TP%) Ash(%) pH | Accepance
254071 37440565 | 162540353 1090014 13840028 12354021 35070 | 495007 | 465021
Hardness(g) | Cohesiveness | Gumminess(g) | Chewiness(mj) | Springiness(nm) | Adhesivenessmyj) |  Color-L Colorb Colora
1109+84.15 | 05650210 | 625.75+2934 21094164 344+0.106 105034 62710424 | 179404 | 244015
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In order to achieve optimized condition of whey less Feta cheese production, Milk protein
concentrate, Whey protein concentrate and cream , respectively, with ratio 5- 15%, 0- 10%, 45- 55%
were mixed with fresh milk (40%). Cheese Samples were produced by industrial method in small
scale and analysed with various physicochemical tests. Design and analysis of experiments were done
using Design-Expert software version 9.0.With this software, regression equations, mixture surface

and contour plots for each response were achieved. Finally, the optimization based on the average
physicochemical and textural characteristics of UF cheeses on the market, was done and the optimal
condition was determined by the highest desirability.The independent variables, cream, Milk protein
concentrate and Whey protein concentrate at the optimal condition respectively are 45.6, 11.7 and 2.7
percent.

Key words: Whey less Feta cheese, Physicochemical properties, Whey protein concentrate,
Milk protein concentrate, Optimization.
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