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Figure 1- Schematic of the network used for modelling the effect of the amount of lecithin, xanthan, starter and whey
powder on cheese hardness, the amount of whey produced, and pH
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Tablel- Different structures of artificial neural network with different neurons with Levenberg's learning law and two
transfer functions to predict the hardness of UF feta cheese produced with fat substitute.

Hardness zéw Levenberg & psgl o958
Sigmoid wudgesomw &b Tangent cal3tb ab

R A S 313 34 3% 3
=0 gy frey ) ¢y 4wy )
< : z J = @ 3] z J = @
2 208975.110 1.146 309.960 0.463 121103.916 0.664 244.228 0.606
3 187389.377 1.027 314.880 0.630 235755.598 1.292 389.068 0.579
4 185624.293 1.017 267.326 0.596 128770.938 0.706 272.632 0.658
5 215375.381 1.181 317.814 0.557 215569.286 1.182 352.687 0.472
6 140535.515 0.770 289.967 0.703 216861.718 1.189 378.972 0.734
7 75084.001 0.411 214.382 0.845 224437.069 1.230 360.777 0.460
8 141188.581 0.774 271.092 0.614 356039.057 1.952 456.904 0.219
9 220952.435 1.211 353.780 0.577 141529.823 0.776 316.305 0.731
10 345027.347 1.892 444375 0.284 279806.009 1.534 404.789 0.507
11 99172.948 0.543 271.602 0.812 317467.050 1.741 416.718 0.342
12 133694.221 0.733 329.619 0.761 222274.437 1.218 397.906 0.720
13 152917.677 0.838 295.547 0.640 60379.516 3.676 600.950 0.208
14 179481.144 0.984 336.964 0.644 262398.078 1.439 405.418 0.511
15 134955.903 0.740 259.612 0.584 139926.376 0.767 314.377 0.603
16 159119.412 0.872 265..679 0.548 207912.869 1.140 397.709 0.517
17 158381.022 0.868 264.293 0.536 151333.926 0.829 284.468 0.599
18 130499.184 0.715 288.598 0.617 285538.817 1.565 417.961 0.373
19 178378.914 0.978 355.803 0.595 340313.612 1.866 455.584 0.591
20 207340.690 0.137 368.168 0.749 189486.772 1.039 345.978 0.602
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Table2 - Different structures of artificial neural network with different neurons with momentum learning law and two
transfer functions to predict the hardness of UF feta cheese produced with fat substitute.

Hardness  éw Momentum sgwge ¢ygils
Sigmoid wgedomw &b Tangent cil3b ab

i3 3 3 3 3 3

i ; w _? B “‘1) } _‘}0 w _? D \%’ }
5 g3 433 g1 1 gg g3 g1 )
AN NI N S T
5 3 3 . 14 3 3 . o
2 ) ) 3 fi} 9 :Q

2 236932.872 1.299 383.375 0.448 215027.715 1.179 303.075 0.428
3 409086.815 2.243 582.046 0.164 214387.278 1.175 295.073 0.414
4 227720.847 1.248 360.276 -0.389 170036.241 0.932 255.183 0.491
5 333980.694 1.831 508.476 0.102 148849.306 0.816 281719 0.644
6 312211.024 1.712 477.377 -0.376 152661.659 0.837 293.719 0.610
7 344820.613 1.891 518.728 0.119 156458.158 0.858 273.195 0.599
8 273519.828 1.500 445.730 0.631 199570.093 1.094 297.512 0.453
9 306004.241 1.675 484.591 0.482 199492.994 1.094 321.083 0.528
10 236686.461 1.298 334.390 -0.185 166498.435 0.913 293.742 0.620
11 204238.092 1.120 314.950 0.218 160543.807 0.880 286.560 0.613
12 212891.012 1.167 338.692 0.173 260207.535 1.426 440.841 0.584
13 304850.008 1.671 450.514 -0.465 183808.137 1.008 270184 0.510
14 189248.839 1.037 302.592 0.449 163387.141 0.896 332.534 0.749
15 207569.937 1.138 322.038 0.226 148575.893 0.814 318.838 0.637
16 208273.165 1.142 314.019 0.145 183415.39 1.005 333.591 0.622
17 204402.080 1.120 355.297 0.405 304961.911 1.672 454.162 0.504
18 204801.633 1.123 329.405 0.361 307044.639 1.683 481.566 0.569
19 219883.966 1.205 354.771 0.173 495453.416 2.717 557.365 0.122
20 213974.968 1.173 316.018 0.134 228008.633 1.250 365.081 0.459
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Table3- Different structures of artificial neural network with different neurons with Levenberg's learning law and two
transfer functions to predict whey from UF feta cheese produced with fat substitute

Whey yosof Levenberg & ,gl o9
SigMOoid v geSm &b Tangent cil$b b

Neurons . ) .

0929 0l 3 3 3 ¥ BN 3 :’L ‘{ g . g . 2 3 1 ‘)‘

< I Y % \\.i) :i) 3 % \.: ) \.: % \\,i) :1 3

g3 831 ¢ ] gy 231 ¢y 4

z2 3 9 <3 x 23 Z9 $3 x
2 0.173 0.941 0.224 0.377 0.170 0.923 0.231 0.360
3 0.090 0.493 0.195 0.799 0.089 0.458 0.189 0.867
4 0.197 1.074 0.266 0.2006 0.091 0.495 0.191 0.815
5 0.186 1.014 0.238 0.243 0.166 0.904 0.237 0.499
6 0.209 1.135 0.344 0.232 0.173 0.939 0.305 0.391
7 0.133 0.726 0.66 0.537 0.163 0.885 0.243 0.398
8 0.100 0.547 0.216 0.726 0.108 0.587 0.210 0.696
9 0.145 0.791 0.265 0.502 0.150 0.818 0.263 0.493
10 0.118 0.645 0.257 0.605 0.146 0.796 0.232 0.475
11 0.100 0.546 0.208 0.703 0.128 0.695 0.258 0.561
12 0.133 0.722 0.252 0.546 0.140 0.761 0.246 0.586
13 0.112 0.609 0.237 0.633 0.107 0.585 0.214 0.664
14 0.145 0.787 0.279 0.476 0.136 0.740 0.257 0.541
15 0.116 0.630 0.248 0.614 0.145 0.789 0.230 0.565
16 0.157 0.854 0.238 0.410 0.154 0.837 0.256 0.478
17 0.141 0.765 0.217 0.541 0.111 0.605 0.211 0.646
18 0.119 0.650 0.249 0.592 0.127 0.691 0.256 0.571
19 0.124 0.676 0.262 0.573 0.146 0.793 0.283 0.510
20 0.108 0.589 0.230 0.661 0.139 0.756 0.266 0.516
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Table 4- Different structures of artificial neural network with different neurons with momentum learning law and two
transfer functions to predict whey from UF feta cheese produced with fat substitute.

Whey .., Momentum es:iese o8
Sigmoid wsseSews &b Tangent cslsb b
Neurons

0929 0les 3 3 3 _3“ 9 :q 3 _} \_j 1,
5 % w gi “i, ¥ w o 3 7 ~o{ Lu‘%) ¥

wr =33 <94 1 233 3233 <93 1

%2} 3 z \\&j ’_J 3 R \\1 P \\%j —_-) 3 R

> ) P ”30 :1 @ . \3 % [a'd
2 0.191 1.037 0.250 0.410 0.169 0.918 0.228 0.431
3 0.189 1.028 0.310 -0.695 0.165 0.899 0.226 0.456
4 0.194 1.055 0.253 0.645 0.155 0.841 0.214 0.529
5 VAN 1.029 0.252 -0.482 0.135 0.737 0.222 0.616
6 0.186 1.012 0.249 0.522 0.164 0.892 0.237 0.419
7 0.185 1.005 0.250 0.496 0.153 0.832 0.219 0.483
8 0.179 0.974 0.274 0.484 0.138 0.753 0.221 0.573
9 0.185 1.007 0.247 0.714 0.173 0.940 0.233 0.401
10 0.204 1.108 0.256 0.112 0.171 0.932 0.222 0414
11 0.204 1.108 0.257 0.273 0.162 0.879 0.224 0.438
12 0.200 1.088 0.254 0.499 0.165 0.896 0.229 0.408
13 0.186 1.014 0.249 0.576 0.147 0.800 0.219 0.517
14 0.201 1.091 0.253 0.236 0.142 0.771 0.220 0.534
15 0.198 1.079 0.253 0.501 0.126 0.686 0.211 0.617
16 0.202 1.100 0.255 0.215 0.174 0.945 0.224 0.373
17 0.201 1.092 0.253 0.270 0.161 0.874 0.216 0.466
18 0.200 1.085 0.253 0.426 0.146 0.792 0.210 0.552
19 0.200 1.088 0.253 0.281 0.163 0.887 0.236 0.413
20 0.201 1.094 0.255 0.381 0.150 0.817 0.219 0.517
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Table 5- Different structures of artificial neural network with different neurons with Levenberg's learning law and two
transfer functions to predict whey from UF feta cheese produced with fat substitute

pH z! Levenberg & yuigl ¢ygil8

SigMOoid vudgeSm 2 Tangent <il3b &b

3 3 3 3 3 3
Neurons by by 2 “{) 3 . by % “i) 3
o W L F 5w ) 3 w o ¥ 3 W g 3

°) m\\ij 2“53’3<« w\\i 2“1’3 < 3
s = z ] = :1 1 2 z 3 2 % ],
099 3‘& _;\ o : » j‘t j'iw o o

5] 5] 3 ) ) 3
2 0.006 0.047 0.064 0.979 0.008 0.063 0.065 0.967
3 0.011 0.085 0.080 0.957 0.009 0.072 0.081 0.973
4 0.006 0.044 0.060 0.977 0.012 0.090 0.090 0.955
5 0.006 0.049 0.058 0.976 0.006 0.045 0.064 0.977
6 0.011 0.084 0.077 0.964 0.028 0.210 0.122 0.903
7 0.008 0.059 0.072 0.973 0.019 0.141 0.116 0.933
8 0.004 0.036 0.059 0.984 0.010 0.077 0.080 0.967
9 0.015 0.111 0.093 0.946 0.010 0.075 0.080 0.962
10 0.006 0.049 0.063 0.975 0.009 0.066 0.072 0.968
11 0.007 0.054 0.066 0.976 0.006 0.048 0.060 0.975
12 0.015 0.113 0.102 0.945 0.007 0.057 0.075 0.984
13 0.011 0.084 0.080 0.957 0.063 0.464 0.190 0.760
14 0.011 0.086 0.090 0.957 0.010 0.074 0.079 0.963
15 0.010 0.073 0.088 0.974 0.006 0.049 0.059 0.976
16 0.008 0.060 0.075 0.975 0.014 0.104 0.095 0.950
17 0.006 0.046 0.064 0.977 0.006 0.047 0.061 0.976
18 0.012 0.093 0.090 0.966 0.013 0.100 0.093 0.956
19 0.022 0.164 0.106 0.924 0.008 0.062 0.065 0.968
20 0.007 0.054 0.061 0.974 0.024 0.182 0.119 0.923
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Table 6- Different structures of artificial neural network with different neurons with momentum learning law and two
transfer functions to predict whey from UF feta cheese produced with fat substitute.

pPH z! & Momentum sgwge (958
Sigmoid wudgeSamw &b Tangent cal3t ab
Neurons  MSE s NMSE MAE R s MSE NMSE MAE Sk Ry
o lods eileo eSleo glas eSSl O sl OeSbee slas s glhao,ud O
NISEE T Jby oluye  @lho,ud ol Jloy olaye
od s Oles o W)
2 0.144 1.062 0.364 -0.684 0.005 0.042 0.060 0.980
3 0.135 0.998 0.358 0.772 0.005 0.040 0.060 0.980
4 0.136 1.006 0.357 0.371 0.008 0.064 0.069 0.974
5 0.138 1.018 0.362 -0.148 0.008 0.065 0.077 0.969
6 0.141 1.043 0.366 -0.7005 0.010 0.074 0.069 0.968
7 0.139 1.026 0.363 -0.133 0.006 0.050 0.063 0.976
8 0.150 1.107 0.364 -0.443 0.005 0.042 0.059 0.978
9 0.130 0.958 0.352 0.592 0.010 0.076 0.082 0.977
10 0.075 0.555 0.261 0.950 0.013 0.102 0.098 0.966
11 0.124 0.913 0.338 0.833 0.006 0.047 0.066 0.976
12 0.087 0.644 0.283 0.962 0.020 0.151 0.116 0.977
13 0.143 1.057 0.344 0.672 0.006 0.047 0.066 0.976
14 0.083 0.612 0.277 0.958 0.009 0.066 0.080 0.978
15 0.061 0.450 0.229 0.935 0.009 0.068 0.075 0.968
16 0.074 0.545 0.257 0.955 0.014 0.105 0.090 0.977
17 0.074 0.550 0.258 0.959 0.020 0.148 0.114 0.976
18 0.089 0.660 0.86 0.924 0.016 0.118 0.105 0.960
19 0.066 0.489 0.243 0.966 0.018 0.132 0.103 0.978
20 0.066 0.492 0.246 0.938 0.013 0.099 0.102 0.967

AgeSaw o Sl JWS &b 93 b PH 5 ;e ol il (St )3 S pig) 5 potinge (5553 (99l 90 (I dumnlile Y Jga>
Table 7- General comparison of two learning laws of momentum and Levenberg in predicting hardness, whey and pH
with two tangent and sigmoid transfer functions

Levenberg Momentom
S g o9l poiage (s
[
5 S S 3 3 3 S S 3 3 3
£ 39 8 ~ . 5 . = . :
= o 9 W : o > j 5] 9 W : 2
5 2% 5% L3 w3 . Y 2% 53 w3 w5 : kY
g Z . z X W - ® 5 Y ) = 2 T X o o g 921 )
. G 9 . q) s 3 <% 3 5 9 . q) Sy <3G 3
1 [ ) _; = 3 S B — ] j = 3 S :
; L o % D Z 3 : o A - Z 3 .
o o 8 3, ) T 1) o = 8 hn) 3, 3] : ‘i
EJ 5 3 B . : E 2 3 > 3 :
2 = 9 ke ﬂ 2 - ) S
] ]
Hardness Sigmoid  75084.001  0.411 214382  0.845 14 Tangh  163387.141  0.896  332.534  0.749
T R calzt
Whey Tangh 0.089 0.485 0.189  0.867 9 Sigmoid 0.185 1.007 0.246  0.714
e Il A g
pH Sigmoid 0.004 0.036 0.059 0984 3 Tangh 0.005 0.040 0060  0.980
d e 8 NCW il
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Table 8- Comparison of different training percentages to select the best model for cheese hardness prediction

Training Data Validation Data Testing Data MSE NMSE MAE R
(%) (%0) (%) orile sl oSilo sl o a8 (Kl el
&Sly Bosls v yo &'y Bosls o yo &ly Bosls v yo Slasyo o Jloy ilasyo s
oPigo! (T e 003!
5 475 475 205283.162 1.265 351.159 0.087
10 45 45 228150.585 1.316 349.977 0.548
15 42.5 425 210658.056 1.163 328.116 0.545
20 40 40 201383.970 1.116 309.026 0.551
25 37.5 375 184420.881 0.974 270.374 0.536
30 35 35 207036.206 1.105 334.460 0.466
35 325 325 179828.559 0.972 291.132 0.601
40 30 30 200464.626 1.168 316.837 0.540
45 275 275 216875.705 1.256 340.340 0.532
50 25 25 159111.863 0.872 295.248 0.583
55 22.5 22.5 110754.683 1.049 271.074 0.763
60 20 20 43238.060 0.507 158.440 0.805

] ey 8l Je (2 ik QRO (g gl I llidee (Saans )3 duuns o ~A g0
Table 9- Comparison of different training percentages to select the best model for whey prediction

Training Data Validation Data Testing Data MSE NMSE MAE R
(%) (%) (%) oaSilse glas oile las Gl jud (5xKilne O g
&l bosld ws )0 &y Bools w0 &l bools e yo lasyo o Jlo i cslasyo s
ojge! (sl 095!
5 475 475 0.301 1.122 0.401 -0.773
10 45 45 0.243 0.855 0.294 0.439
15 425 42,5 0.287 0.992 0314 0.414
20 40 40 0.277 0.935 0.311 0.457
25 375 375 0.107 0.753 0.215 0.592
30 35 35 0.116 0.771 0.216 0.605
35 325 325 0.110 0.722 0.204 0.596
40 30 30 0.142 0.833 0.218 0.577
45 275 27.5 0.089 0.495 0.177 0.785
50 25 25 0.099 0.540 0.191 0.768
55 225 225 0.155 0.868 0.268 0.417
60 20 20 0.113 0.584 0.215 0.799

PH (a1 Jo o2y QBT (615 S5901 51 iliteo (guo ;3 danliio—Y + Jgo
Tablel0- Compare different percentages of training to select the best model for pH prediction

Training Data Validation Data Testing Data MSE NMSE MAE R
(%) (%6) (%0) Silo sl rSilo sl o o8 (il sl
&lp Bools wo yo &y Woosls s yo &lp Bools sy X o Jloyi eilas yo s
Shigel (7 yle | Tl
5 47.5 47.5 0.281 2.059 0.381 -0.377
10 45 45 0.022 0.161 0.109 0.922
15 425 425 0.012 0.088 0.082 0.958
20 40 40 0.025 0.195 0.110 0.944
25 375 375 0.016 0.121 0.092 0.953
30 35 35 0.011 0.083 0.079 0.960
35 325 325 0.006 0.051 0.073 0.979
40 30 30 0.008 0.063 0.071 0.970
45 275 275 0.008 0.064 0.072 0.969
50 25 25 0.006 0.045 0.063 0.977
55 225 225 0.008 0.066 0.077 0.968
60 20 20 0.010 0.077 0.986 0.962
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Table 11- Determining the best percentage of data to evaluate and test the model in predicting cheese hardness

Training Data Validation Data Testing Data

(%) (%) (%) ’MSE [\IMSE MAE ) R
&y Losls woyo &ly Losls woyo &l Losls woyo oiibe sl ol sl by (il e e pd
Shigel (Tl ose3 N o Jleg e g

60 5 35 126957.755 0678 220.493 0.679
60 10 30 586145.527 3.433 467.088 0.181
60 15 25 123347.129 0676 230.06 0.716
60 20 20 110886.945 1.302 257.882 0.622
60 25 15 88829.386 0.954 209.472 0.745
60 30 10 51975.362 0.411 191.752 0.911
60 35 5 40391.565 0.244 172.993 0.985

sl e (S 3 e (1903l 5 (2l (81 W13 Mo 3 (31 e (ot VY Jge
Table 12- Determining the best percentage of data to evaluate and test the model in predicting the amount of whey

Training Validation Data Testing Data

Data (9 o) o0 MSE NMSE - MAE R

Losls wwo o Sy Lodls oo &l Losls woyo il s> ol sl e G 9

sl sly s i ose3 Sl i Jloy Sbe e
60 5 35 0.085 0.568 0.193 0.756
60 10 30 0.093 0.547 0.215 0.908
60 15 25 0.185 1.005 0.243 0.329
60 20 20 0.111 0.571 0.218 0.799
60 25 15 0.267 1.023 0.96 0.679
60 30 10 0.431 1.335 0.428 0.878
60 35 5 0.045 6.976 0.192 -0.840

754 PH (Gt 93 S 903l 9 (i3] (12 Wod1> oy (3 et (e Y g
Table 13- Determining the best percentage of data to evaluate and test the model in cheese pH prediction

Training Validation Data Testing Data

Data (%) (%) (%) SE NMSE MAE R

osls wuoy &l bosls oy &l Bosld v yo ol sl ol sl oS (Sl O o p8

Sl sl e yluie| o83 Sl o Jlog slaye g
35 5 60 0.012 0.089 0.096 0.979
35 10 55 0.009 0.072 0.070 0.966
35 15 50 0.005 0.043 0.059 0.981
35 20 45 0.004 0.033 0.054 0.984
35 25 40 0.005 0.041 0.062 0.984
35 30 35 0.007 0.053 0.062 0.972
35 35 30 0.007 0.059 0.074 0.978
35 40 25 0.006 0.049 0.071 0.976
35 45 20 0.006 0.047 0.061 0.976
35 50 15 0.010 0.090 0.088 0.963
35 55 10 0.008 0.081 0.074 0.967
35 60 5 0.040 0.276 0.130 0.890
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Figure 2- The graph of the correlation coefficient between the data predicted by the model and the laboratory tested data
in cheese hardness

\al



FA= EA Lol VEoY | bl g e /Y 0ylons | YT s/ i gl witigee Olidios

whey y =1.3701x - 0.3778
o R? = 0.8254
>‘"3. 3.5 -
23 3
£ 1
q) <
S i 2 7
g ;o 1.5 -
a3 17 o $
0.5 -
0 T T T T 1
0.5 1 Exprimtntal whey 2 2.5 3
owlosl 5o euel Caway yuiy of

a2 e 45 (AU Lo Bl Cund (531D g Juo U ouwid (g pi (S1R0313 (s Simunod ot g 413905 Y IS
Figure 3- Correlation coefficient diagram between the data predicted by the model and the laboratory tested data in the

amount of whey
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Figure 4- Graph of the correlation coefficient between the data predicted by the model and the laboratory tested data in
pH
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Figure 5- Comparing the sensitivity of input neurons (independent parameters) on the prediction model of hardness, whey
and pH values of ultra-refined feta cheese produced with fat substitute
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Table 14- General conclusion based on learning law, transfer function and best test percentages, evaluation and test

RPN & Besls Lo ys GASek ogl Just mb RYPE; Olgs 4Y FERPRF A
Correlation el [ 55 gal Learning Law Transfer Number neuron Hidden Layer Dependent
Coefficient ; Function variable
O3l
Data
Percentage for
Learning/

Validation and
test

0.985 5/35/60 Levenberg Sigmoid 7 1 Hardness
S g 056 258 s
0.908 30/10/60 Levenberg Tangent 3 1 whey
S s 056 IEL b |
0.984 45/20/35 Levenberg Sigmoid 8 1 pH
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Abstract

Nutritional problems, due to high amount of fat in some cheese, have caused the use of fat substitutes to be
investigated. Modeling the hardness, whey and pH of UF low-fat feta cheese with three levels of lecithin at 0, 1
and 2 g/kg, three levels of 0, 10 and 20 g/kg of whey powder, xanthan gum. in amounts of 0, 1/2 and 1 g/kg and
additional starter of Lactobacillus paracasei in two amounts of 1 and 3 g/l with artificial neural network in order
to determine the best type of transfer function, type of learning law and percentage of data used for training,
evaluation and the test was performed based on the lowest error and the highest correlation coefficient. The
results showed that the best model for predicting cheese hardness changes was an algorithm with a hidden layer
and the number of 7 neurons, under the sigmoid transfer function with Levenberg's learning law, which could
show a good correlation coefficient (0.985). For whey, a model with a hidden layer, the number of 3 neurons and
the tangent transfer function and Levenberg's learning law created the best algorithm with a correlation
coefficient of 0.908. Also, the pH of cheese was predicted by a model with a hidden layer, the number of 8
neurons and the sigmoid transfer function under Levenberg's learning law and the correlation coefficient was
0.8493. The best percentage of data for education, evaluation and testing of hardness, whey and pH values were
obtained 5.35.60, 30.10.60 and 45.20.35 respectively.
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