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Table 1. The wavelengths associated with the measurement of crocin,

Picrocrocin and safranal of saffron
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Fig. 1. Input and output layers of artificial neural network for predicting crocin, picrocrocin and safranal

of saffron
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Table 2. The best architectures of ANN in different of number of neurons and transfer function under
Momentum learning law for crocin of saffron during drying by oven method

Crocin _ .
(LJ""“’B)S) Momentum (PS""’“9‘° oLl U"’b)

Sigmoid (uudgefow &U) Tangent (<sl56 ab)

No. of ) RESES el 5 oSl el
Neurons RS . . o o RO . . oo

o . sl g s , sl oy ls
(0ag Slaw)  las Olayo o . om bSOl s . ol
MSE ooy Jloyi @b R? MSE oy Jloyi @b R2

NMSE MAE NMSE MAE
2 68.162 1.716 6.502 0.663 46.192 1.102 5.356 0.032
3 42.986 1.112 5.996 0.563 34.392 0.914 4.652 0.545
4 41.274 1.440 5.472 0.680 51.232 1.125 5.956 0.637
5 34.245 0.785 5.115 0.642 41.535 0.996 4412 0.616
6 38.741 0.923 5.802 0.423 70.253 1.302 6.652 0.354
7 35.001 0.915 5.425 0.577 35.852 0.875 4.632 0.549
8 30.330 0.774 5.126 0.635 25.438 0.902 5.425 0.889
9 36.103 1.012 5.225 0.405 63.704 1.524 7.144 0.519
10 32.458 0.892 4,752 0.607 92.123 2.321 6.342 0.699
11 36.179 0.910 5.191 0.695 36.354 0.925 5.002 0.468
12 39.127 0.899 5.256 0.483 58.452 1.214 6.145 0.737
13 37.452 1.105 5.302 0.437 20.564 0.512 3.521 0.636
14 36.320 0.911 5.102 0.625 68.853 1.532 6.754 0.685
15 36.143 0.822 5.205 0.544 67.694 1.625 6.245 0.494
16 35.007 0.852 5.335 0.665 91.202 2.224 6.927 0.443
17 36.133 0.835 5.211 0.623 42.562 0.845 4.652 0.572
18 31.114 0.864 4910 0.668 95.534 3.211 8.422 0.111
19 33.904 0.799 5.001 0.599 77.723 4,742 8.632 0.202
20 33.597 0.865 4.870 0.624 86.761 2.253 8.521 0.696
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Table 3. The best architectures of ANN in different of number of neurons and transfer function under
Levenberg learning law for picrocrocin of saffron during drying by oven method

Picrocrocin Levenb o T
(e 553 55s) evenberg (S g g5l o3ild)
No. of
Neurons Sigmoid (wdgeSomw aab) Tangent (<dl36 &)
(09,9 olox)
& , o & .
Ol yo . slbos la o . s O pid
. gles R , sl ,
b= P o R? s P o R
mMse  *¥dRr uaE mse o d%F vae
NMSE NMSE

2 0.014 0.075 0.172 0.965 0.051 0.119 0.218 0.949
3 0.046 0.082 0.152 0.960 0.039 0.081 0.159 0.962
4 0.032 0.075 0.176 0.965 0.035 0.082 0.156 0.967
5 0.036 0.076 0.1139 0.966 0.145 0.219 0.324 0.832
6 0.027 0.048 0.118 0.984 0.026 0.056 0.119 0.971
7 0.029 0.059 0.125 0.974 0.040 0.086 0.123 0.965
8 0.026 0.052 0.142 0.976 0.036 0.079 0.139 0.968
9 0.035 0.064 0.148 0.963 0.028 0.066 0.125 0.977
10 0.037 0.059 0.129 0.970 0.019 0.042 0.109 0.984
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Table 3. Continued

11
12
13
14
15
16
17
18
19
20

0.029
0.021
0.041
0.032
0.037
0.052
0.042
0.024
0.036
0.027

0.039
0.048
0.088
0.049
0.059
0.079
0.091
0.042
0.072
0.055

0.119
0.110
0.185
0142
0.141
0.165
0.195
0.101
0.014
0.123

0.976
0.982
0.968
0.974
0.972
0.965
0.959
0.984
0.992
0.977

0.032
0.011
0.025
0.059
0.016
0.053
0.022
0.066
0.031
0.032

0.072
0.115
0.059
0.114
0.031
0.104
0.036
0.152
0.066
0.075

0.163
0.188
0.1132
0.218
0.118
0.205
0.141
0.236
0.160
0.159

0.972
0.991
0.975
0.959
0.987
0.955
0.982
0.942
0.976
0.979
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Table 4. The best architectures of ANN in different of number of neurons and transfer function under
Levenberg learning law for safranal of saffron during drying by oven method

Safranal _ . _ e
(J1,5L) Levenberg (S yig) (g 5ol (y9i8)

No. of Neurons o L } i
(ysy95 o) Sigmoid (uud g 22U) Tangent (<430 aab)
sl &m0 sles sl &m0 slas

s Ole o . Rl Uas Ola o . el

mMsg  oMdur ol R? mMsg ~ oMEdur ol R?

NMSE MAE NMSE MAE

2 60.523 0.298 6.112 0.848 65.215 0.230 6.315 0.830

3 52.252 0.297 5.845 0.856 71.358 0.365 6.055 0.831

4 51.562 0.214 5.352 0.880 66.584 0.085 6.717 0.941

5 57.842 0.289 5421 0.859 98.325 0.458 7.890 0.741

6 11.025 0.066 2.913 0.986 12.345 0.012 2.410 0.967

7 55.472 0.125 5.352 0.895 25.395 0.421 3.970 0.933

8 19.012 0.096 2.462 0.975 60.852 0.211 5.266 0.785

9 35.852 0.184 5.335 0.941 21.958 0.098 3.613 0.925

10 39.128 0.197 5.485 0.936 29.374 0.523 3.351 0.958

11 42.252 0.044 2.645 0.970 21.854 0.042 3.253 0.956

12 11.285 0.063 2.095 0.983 32.523 0.079 3.424 .0960

13 22.604 0.074 3.127 0.967 24.632 0.052 2.728 0.969

14 20.485 0.066 3.412 0.957 42.845 0.142 4.764 0.949

15 32.811 0.203 4.148 0.926 12.225 0.011 2.812 0.974

16 44.201 0.247 6.523 0.868 45.235 0.236 6.780 0.849

17 53.175 0.244 6.099 0.873 29.374 0.121 4.302 0.945

18 12.129 0.039 2.278 0.980 48.005 0.523 5.830 0.888

19 17.793 0.114 3.852 0.974 32.896 0.062 2.602 0.967

20 26.666 0.156 3.345 0.940 20.342 0.101 3.274 0.955
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Table 5. Determining the best percentage of data for training, evaluation and testing to predict crocin of
saffron by ANN

sedls oy gbosls woys  slrosls woys ol uSileo & 0“5"*" Sl o Sileo
gl <)) o031 it it Jlosi sl s
Training data Validation Testing data R MAE X" MSE
(%) data (%) (%) NMSE
25 5 70 17.425 0.895 6.097 0.165
25 10 65 11.578 0.933 5.894 0.258
25 15 60 15.742 0.782 4.118 0.663
25 20 55 19.245 0.712 5.121 0.642
25 25 50 17.117 0.432 4581 0.786
25 30 45 14.241 0.563 3.459 0.795
25 35 40 10.715 0.709 4,714 0.823
25 40 35 17.138 0.615 5.452 0.765
25 45 30 21.719 0.719 5.005 0.647
25 50 25 22.404 0.526 2.699 0.775
25 55 20 18.025 0.494 3.346 0.914
25 60 15 16.102 0.565 3.624 0.821
25 65 10 17.843 0.611 4.975 0.855
25 70 5 21.426 0.702 5.324 0.765
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Table 6. Determining the best percentage of data for training, evaluation and testing to predict
picrocrocin of saffron by ANN

sl (il &0 (ilee il

sodls oy gesls woys gvesls wo s

5900 Lyl ‘g3 (e oo pd A g ..
TraiLr:;Zdata Vaﬁdz:t)ion Tes':; :;)data R? I\ﬁ - d I\legs g U”M‘-S’LI:)&

(%) data (%) (%)

50 5 45 0.016 0.029 0.095 0.923
50 10 40 0.026 0.065 0.112 0.942
50 15 35 0.031 0.054 0.139 0.965
50 20 30 0.045 0.095 0.174 0.967
50 25 25 0.031 0.066 0.132 0.986
50 30 20 0.024 0.075 0.162 0.961
50 35 15 0.023 0.052 0.123 0.952
50 40 10 0.038 0.125 0.152 0.924

50 45 5 0.056 0.142 0.195 0.965
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Table 7. Determining the best percentage of data for training, evaluation and testing to predict safranal of

saffron by ANN

sodld sy godld sy oesls vus o

il - L sk ke &0 (ke il
whize! i ot T e s il W oluye
Training data Validation Testing data R MAE NMSE MSE
(%) data (%) (%)
35 5 60 79.261 0.532 7.810 0.686
35 10 55 92.519 0.450 5.733 0.768
35 15 50 25.356 0.139 3.454 0.938
35 20 45 23.722 0.135 3.814 0.939
35 25 40 36.537 0.216 4.647 0.913
35 30 35 32.312 0.179 4.205 0.933
35 35 30 20.036 0.101 3.569 0.951
35 40 25 16.263 0.082 3.413 0.853
35 45 20 45.952 0.231 4.926 0.981
35 50 15 83.160 0.461 7.329 0.770
35 55 10 79.761 0.442 7.535 0.753
35 60 5 36.979 0.127 3.755 0.965
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(Mazloumi et al., 2007)
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Abstract
Saffron is the most valuable spice known in the world. Crocin, picrocrocin and safranal are known as

saffron color, taste and aroma indices, respectively. Also, drying process is one of the most important
processes that affecting on its quality in terms of crocin, picrocrocin and safranal contents. In this study,
the efficiency of drying process by oven method based on important variables such as temperature, time
and thickness of saffron layer were modeled by artificial neural network (ANN) method. The results
showed that if crocin changes under momentum learning rule and tangent transfer function with 8t
neurons and 25, 55 and 20% of the data were used for evaluation and test training, respectively; the
coefficient has the highest correlation coefficient (0.914). Whereas for the changes of picrocrocin, the
Levenberg learning law and the tangent transfer function in the neurons of 12 designed the best networks
with 50, 25 and 25% of data for training, evaluation and testing, respectively (R= 0.986). Safranal value
was also predicted by the Levenberg learning law and Sigmoid transfer function in neuron number 8 with
35, 45 and 20% of the data for training, evaluation and testing with appropriate correlation coefficient of
0.981 and predicted by its network.

Keywords: Crocin, Levenberg learning law, Picrocrocin, Safranal.



