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Table 1 Chemical composition of 3 kinds of Persian gum [7]

Samples Protein Moisture

(%) (%) (%)
White 0214 12085 1675
Yellow 0207 11288 1.588
Red 0197 12197 1.362

Ash  Totd carbohydrate

(%)

98.4
93.1
95.1

Fe Mg Ca K Na
(ppm)  (ppm)  (ppm) (ppm)  (ppm)
78 950 6900 1520 15
93 720 6900 1670 9.7
88 930 6300 1480 11
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Table 2 Coded and uncoded levels of independent variables according to a Box-Behnken

design
Formulation ingredients Level
-1 0 1
Fat (%) 6.5 10
Persian gum (%) 0.1 0.2
Almond gum (%) 0.1 0.2

JAS 51 oKaws 32 b 5l el Blo Jgloes 53 345 40
[15] s 5 el

d’“‘"“g"i dyﬂ -5-2

Gouss 0Ll 53 (GEVLIE o s Ky b))l
ctl) CRAD0 o P s S 51 oslinel | 55106
sasolzs (Lvalue) L* of s o5 w3 alonil (03

J16] sl e s

> b, - 6-2

St gas St 51 Sl yoast o g Connd o2l
spls sl 5 b alh 5 SO els Ul
g0 0des Shisel s8> aas b3y 10 L il
Cod Gosb Sl bdiped W38 3 Gl 5 e
o oS 1] wad wnlie Susl b sl 9 Ssan
RO PRV P B N P

b (B alipml (2 anlest Sl ¢
S (6 g (B bzl o5 (4 cnlist
S (9 i (B alir s (T nlags
Aol g

o s 5l aids 30 e w e gad ¢ pbsl 51 L3
e gl Ldd (514K (2242 OC) Lo slos U3
Sl s My 0l 5l s, 60 csdS 5 e

S 5 e

23. Chroma meter

9

Bij 5 it fi PO 5 (Gl sllax Sl) 5l Y o8
(o e 5l e Gl 5 e S a2
s sl ize XJ 5 XI5 035 a5 0n 5 p 55 a2
Sheslial b bk sad e 5 5 oy o Juloli il o
N e e o5 ,2) IS0 a5 o

LA r[;u\ (eJo:ZA

(2l 555 55 (S0 551 42
5O o O Al 4 ey Sladsad ush ) g
SSe3ul 18] w8 alons ol 035 4 O, U
827J0s) Jlous e PH oKiws 51 eslizad L pH
~3Il sk 038 sl (e 2l sl
b m2s el e ol Sl (BTN) Js 055 65
<l PDU-VB500 Jus) JIuS 551 ol8aas 51 eslizad
IS s sldie s S B W gad 3l Ole (O
6/38 ,uSU s 055 s Llade o lalol S
(PWSN) Ol s gle 0555 [14] ciS alons
soSeiul [18] OLes 5 Al st ias b3S
035 35k iy W 25 20 OsesT nl o s S
oS aids 5 ote 4 b 1100 Ml L5 s S
4 015l s s S (S o5 4 blae Dses
ol Jsloe .25 S 1 340°C los 3 csle ]l s
<ol Ol 5 (4°Ce aiss 30 30000) s 5sa sl

20. Metrohm
21. Total nitrogen
22. Water soluble nitrogen



gy Sy 5 e bt S8 sl S sleae

Oan 5 gLl ey g

£5.0

moisture 64.5

0.z

&4.0

D.lP .
f. ersian gum

0.1 0.0
Almond gum

BE
moisture 3
o4 10.0
63 [
0.0 » 5.0 Fat
B ' 0.z
Persian gum
)
moisture
&
10.0
63 e
0.0 5.0 Fat

0.1
Almond gum

Fig 1 Response surface plots for interaction
effects of formulation ingredients on moisture of
ultrafiltrated low-fat cheese incorporated with
Persian and almond gums as fat replacers
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Table 3 Physicochemical characteristics of ultrafiltrated low-fat cheese containing
different Persian and almond gums as fat replacers

Samples Formulation Physicochemical characteristics
ingredients

Almond  Persan  Fat pH Moisture (%) Protein ~ M:P SN/TN

gum (%) gum (%) (%) ()
1 0 0 6.5 437 63.57 16.76 3.79 6.08
2 0.2 0 65 430 63.64 16.62 3.82 6.51
3 0 0.2 6.5 430 64.29 16.44 391 6.85
4 0.2 0.2 6.5 427 65.21 15.67 4.16 7.23
5 0 0.1 3 4.38 65.24 18.96 3.44 5.75
6 0.2 0.1 3 4.37 65.08 18.11 3.59 5.79
7 0 0.1 10 438 63.15 15.65 4.03 5.53
8 0.2 0.1 10 435 63.18 14.58 4.33 5.84
9 0.1 0 3 441 64.96 19.11 3.39 5.75
10 0.1 0.2 3 4.38 65.54 16.82 3.89 5.93
11 0.1 0 10 439 63.28 16.14 3.92 5.52
12 0.1 0.2 10 434 63.83 14.32 4.45 5.88
13 0.1 0.1 6.5 427 64.51 16.80 3.84 6.76
14 0.1 0.1 6.5 4.25 64.53 16.43 3.92 6.64
15 0.1 0.1 6.5 4.22 64.25 16.54 3.88 6.88
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Table4 Anaysis of variance (ANOVA) of the physicochemical characteristics of the ultrafiltrated low-fat cheese
incorporated with Persian and almond gums as fat replacers

Sums of Squares Mean Square F-value P-value
Source DF
Y Y, Y; Y Y, Y; Y Y, Y; Y. Y, Y3
Regression 8.776 24.137 1.103 0.975 2681 0.122 11.64 930 10.62 0.007 0.012 0.009
Linear 9 8.362 23561 1.073 2.787 7.853 0.357 33.28 27.22 30.97 0.001 0.002 0.001
Quadratic 3 0.224 0.409 0.013 0.074 0.136 0.004 0.89 047 0.39 0.505 0.714 0.763
Interaction 3 0.189 0.166 0.017 0.063 0.055 0.005 0.76 019 0.50 0.565 0.897 0.700
Residual 3 0.418 1.442 0.057 0.083 0.288 0.011
Error 5
Lack-of- 3
Fit 5 0.370 1.370 0.053 0.123 0456 0.017 5.05 1265 9.35 0.170 0.074 0.098
Pure Error 14 0.048 0.072 0.003 0.024 0.036 0.001
Tota 9.195 25,579 1.161
Other
statistics Y1 Y2 jE
Source b-coefficient p-value b-coefficient p-value b-coefficient p-value
I ntercept 64.430 0.000 16.590 0.000 3.883 0.000
X1 0.107 0.342 -0.353 0.122 0.092 0.060
X5 0.427 0.009 -0.672 0.017 0.185 0.005
X3 -0.922 0.000 -1.538 0.000 0.302 0.001
X1 X1 -0.246 0.163 0.005 0.986 -0.014 0.811
Xo. X5 -0.006 0.969 -0.222 0.462 0.053 0.382
X3 X3 -0.021 0.893 0.230 0.448 -0.019 0.764
X1. X5 0.211 0.202 -0.157 0.583 0.053 0.364
X1. X3 0.407 0.756 0.055 0.846 0.036 0.528
Xo. X3 -0.007 0.961 0.117 0.680 0.009 0.862
R? 0.954 0.943 0.950
R?-adjust 0.872 0.842 0.860

Y1, Y2, Y3are Moisture gum, Protein and M:P respectively
X1, X5, & X3 are amond gum, Persian gum and milk fat, respectively.
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Table 5 Analysis of variance (ANOV A) of the physicochemical characteristics of the ultrafiltrated ow-fat
cheese incorporated with Persian and almond gums as fat replacers (continued).

Sums of Squares Mean Square F-value P-value
Source DF 2 Y, Y. Y, Y, Y, Y. Y,
Regression 9 4182  0.046 0.464 0.005 13.70 13.18 0.005 0.006
Linear 3 0.708  0.007 0.236 0.002 6.96 6.19 0.031 0.039
Quadratic 3 3.447  0.038 1149 0.012 33.88 32.86 0.001 0.001
Interaction 6 0.026  0.000 0.008 0.000 0.26 0.51 0.848 0.694
Residual Errors 3 0.169  0.001 0.033 0.000
Lack-of-Fit 5 0.140  0.000 0.046  0.000 3.26 0.37 0.244 0.788
Pure Error 3 0.028 0.001 0.014 0.000
Total 14 4352  0.048
Other statistics Y, Y,
Source b-coefficient p-value b-coefficient p-value
[ ntercept 6.760 0.000 4.246 0.000
X1 0.145 0.076 -0.017 0.055
Xz 0.253 0.011 -0.022 0.024
X3 -0.056 0.427 -0.010 0.213
X1. Xy -0.067 0.513 0.026 0.049
X2. X3 -0.025 0.805 0.036 0.016
X3.X3 -0.965 0.000 0.096 0.000
X1. Xz -0.012 0.897 0.010 0.360
X1. X3 0.067 0.496 -0.005 0.636
X X3 0.045 0.646 -0.005 0.636
R? 0.961 0.959
R?-adjust 0.890 0.886

Y1& Y, are WSN/TN and pH, respectively.
X1, X5, & X3 are dmond gum, Persian gum and milk fat, respectively.
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Table 6 Whiteness (L-value) of ultrafiltrated low-fat cheese incorporated with
Persian and almond gums as fat replacers

Samples Formulation ingredients

Almond Persian gum Fat L*

(%) gum (%) (%)
1 0 0 6.5 80.46
2 0.2 0 6.5 80.78
3 0 0.2 6.5 81.25
4 0.2 0.2 6.5 81.65
5 0 0.1 3 81.62
6 0.2 0.1 3 81.70
7 0 0.1 10 77.66
8 0.2 0.1 10 79.12
9 0.1 0 3 81.29
10 0.1 0.2 3 82.34
11 0.1 0 10 78.73
12 0.1 0.2 10 80.22
13 0.1 0.1 6.5 79.98
14 0.1 0.1 6.5 80.21
15 0.1 0.1 6.5 80.43

Table7 Anaysis of variance (ANOVA) of the whiteness (L-value) of the ultrafiltrated
low-fat cheese incorporated with Persian and amond gums as fat replacers

Source DF Sums of Mean Square F-value P-value
Squares
L* L* L* L*
Regression 9 21.507 2.389 16.69 0.003
Linear 3 18.590 6.196 43.28 0.001
Quadratic 3 2.394 0.798 5.57 0.047
Interaction 3 0.522 0.174 1.22 0.394
Residual 5
Error 0.715 0.143
pack-of- 3 0.614 0.204 4,05 0.204
Pure Error 2 0.101 0.050 16.69 0.003
Total 14 22.223
Other L*
statistics
Source b-coefficient p-value
I ntercept 80.206 0.000
X1 0.281 0.089
X2 0.525 0.011
X3 -1.403 0.000
X1.X1 0.103 0.621
X2.X2 0.728 0.014
X3.X3 -0.286 0.206
X1.X2 0.020 0.920
X1.X3 0.343 0.129
X2.X3 0.110 0.586
R? 0.967
R%-adjust 0.909
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Table 8 Organoleptic characteristics of ultrafiltrated low-fat cheese incorporated with Persian and
amond gums as fat replacers

Formulation ingredients Organoleptic characteristics
Samples Almond Persian Fat Appearance  Flavour  Texture Overdll
(%) gum gum (%) and Color and acceptance
(%) Odor
1 0 0 6.5 6.30 6.80 5.15 6.20
2 0.2 0 6.5 6.35 7.00 5.80 6.51
3 0 0.2 6.5 6.45 7.15 6.20 6.73
4 0.2 0.2 6.5 6.40 7.00 5.95 6.57
5 0 0.1 3 3.95 2.65 3.45 3.15
6 0.2 0.1 3 4.90 3.80 3.50 3.93
7 0 0.1 10 7.20 7.05 6.80 7.01
8 0.2 0.1 10 7.15 7.10 7.05 7.10
9 0.1 0 3 3.35 3.75 3.20 351
10 0.1 0.2 3 4.70 4.05 4.75 4.39
11 0.1 0 10 8.05 6.95 6.35 6.99
12 0.1 0.2 10 7.15 7.85 7.65 7.65
13 0.1 0.1 6.5 6.55 6.90 6.05 6.58
14 0.1 0.1 6.5 6.20 7.10 6.40 6.71
15 0.1 0.1 6.5 6.35 7.25 5.75 6.62
7
7 acceptancef'
a
acceptance® 4
]
4
Almond gum
. . . £.75
Fig. 3. Response surface plots for interaction cceptance; -
effects of formulation ingredients on overall :
acceptance of ultrafiltrated low-fat cheese 6.25
incorporated with Persian and almond gums as 600 o
fat replacers a0 " Persian gum
' nr Tl
Almondgum
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Table 9 Analysis of variance (ANOV A) of the organol eptic characteristics of the ultrafiltrated

low-fat cheese incorporated with Persian and almond gums as fat replacers

Sre DF Ssd 1 as MenSyee Fvdie Pvdie
Ya Y, Ys Ya Y. Yo Ys Y, Y. Yo Ys  Ya Y. Yo Vs Ya
Rgesn 9 288 B2 24P B 250 403 2R 3 2% W6 B 86 QoL Ol QOB 00D
Liresr 3 1% XHE3 BOM RFB 679 887 TRl 798 &4 ® BB 12 Q0 OO0 0OD 00D
Quartgic 3 UB ¥8 191 4% 03 3B 040 148 3 O 20 BF ® R % o
Interaction 3 158 000 028 Q5 056 QW3 00 O 4% 02 o8 OF a® 0w 2 o
Redderr 5 51 O0® 0™ 037 Q@ 0116 0 06l
LackecHit 3 MO 08 B 0B e 0B 0 oW 4% 58 00 U3 s % 06l O
Ruelar 2 Bl 0Bl 0% 003 00 00D I O0b
Tael “ B3W B BB B
gg(s Y Y, Y Ya
Sure baxfidet pyveLe badfidet  pvae badfidet  pvele baxfidet pyveLe
Intercegt 636 %10 78 QD 6000 %10 6615 %10
X o2 036 o8 083 (00314 (053% 003 052
Xo 00:11 (0078 (075 0032) 056 0016 0315 0016
X3 131 00 180 (0%010) 1618 00 1L 00
XaXa e 000 78 05 oz 0810 040
XaXo Qa0 093 005 0SB0 0Bl 0% (0013 090
XaXg 054 0019 157 000 053 oo 1074 00D
X1X2 005 o8 087 06D 025 031 0117 o7
X1X3 0 1m 000 [07000) 006 082 005 7
X2X3 R o3 0 fovc:i! 00 Q7 01% 3
R o971 o 09
Reajust 0's17) 090
Y1,Y2,Y 3 are appearance and color, flavour and odor, texture and overall acceptance, respectively
X1, X5, & X3 are amond gum, Persian gum and milk fat, respectively.
e o oS 5l 0L (bl o il o S 13 Gladis oS o bl b ks w
53 ki Sl slie 5 Jhe by el st 34 g ool 05V g b b digy el (S S
(10 Usaz) 500 55 5t 0105 515 s s Lo ks Sl iy 5k gl S5 6 ol bl
aslis 390 ¢ Bl e v 0l o o ol
Table 10 Performance of modelsin predicting optimum formulation ingredients
Opimumfomulaioningedients )
e g
am@  am@  ® e e
MaisLre(%) 0786 014 020 10 6401 6322033 0198 0786 006
PaEen(©) 0910 1426 13204040 0231 0910 02
M:P 0280 448 476031 0182 0280 0264
L* 0816 8016 891035 026 0816 0105}
(1_9‘;““1"“ 060 684 62403 0I® OG0 00
Havourand Odor (1-9) 0933 746 6511039 029 0933 0056
Tedure(1-9) 0483 746 794095 0340 0483 (0222
Q’e”d'(‘i‘g)q“am 0480 78 68019 O3 040  O0R
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White cheese is one of the popular and well-known cheese varieties in the Middle East. In Iran,
this type of cheese in the form of ultrafiltrated, has also considerable consumption as a major
constituent of breakfast. Regarded to increasing public awareness of the fat consumption,
demands for low fat products such as low-fat cheeses have been increased. Physicochemical,
sensorial and color properties of ultrafiltrated low-fat Iranian white cheeses containing Persian
gum (0, 0.1 and 0.2 %) and amond tree gum (0, 0.1 and 0.2 %), in three levels of fat (3, 6.5,
10%) optimized by Response Surface Methodology. Effect of fat reduction and use of both
hydrocolloids were evaluated by response surface charts and the most desirable sample of low-fat
cheese resemble to full fat control cheese (containing 16% fat) was determined. According to the
optimized results and obtained model, the ultrafiltrated low-fat Iranian white cheese with
formulation of 0.20 % Persian gum, 0.14 % amond tree gum and 10% fat with desirable
physicochemical, textural, sensory and color properties can be produced. Results showed that by
utilization of the native hydrocolloids as fat replacers in low fat cheese formulation, the
disadvantages of fat reduction in the product can be improved.

Keywords: Ultrafiltrated low-fat cheese, Almond tree gum, Persian gum, Retentate
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