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Abstract

One of the new management methods to reduce costs and environmental pollution is agricultural waste.
Considering the importance of metal compounds in the consumer’s health and their decisive role in proposing
suitable cultivation areas and developing food applications of saffron by-products in Iran, it is necessary to measure
micronutrients and useful nutritional metal elements heavy metal residues. Iran is the world's largest producer and
exporter of saffron with an annual production of 330 tons and an export of 280 tons. In this study, minerals of
different components of saffron flowers (petals, stamens, and styles) collected from eleven farms (in Khorasan
Razavi and Qazvin provinces) were measured using an atomic absorption spectrometer. The results showed that
in the stamen, the highest amount of micronutrients was related to magnesium (3031.9031), sodium (366.29), iron
(236.57), copper (122.01), manganese (109.04), and zinc (91.17) mg/kg, respectively. Also, calcium and potassium
quantities were 2.30 and 3.51 g/100g, respectively. In the style samples, the highest amount of micronutrients was
related to magnesium (2365.78), sodium (394.53), iron (238.11), manganese (113.13), zinc (66.83) and copper
49.39 mg/kg, respectively. In the style samples, calcium (4.30) and potassium (2.15) were 4.30 and 2.15 g/100g,
respectively. In the case of petals, like style, the highest levels of micronutrients were related to magnesium
(1805/80), sodium (539.25), iron (292.63), manganese (81.98), zinc (56.76), and copper 16.17) mg/kg,
respectively. Also, the amount of calcium and potassium were 3.45 and 1.59 g/100g, respectively. Due to the
results and richness of these by-products of micronutrients, they can be used in various food industries, including
enrichment and compensation of mineral deficiency of various processed and canned foods.
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Figure 1- Different parts of saffron plant (Zeraatkar et al., 2016).
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Table 1- The measured metals in different samples of saffron flower flags

Jlade oS I 3d ooy 138
Microelements Macroelements
mg.kg! g.100 gt

a3 o o255 o2l &9 o NEW fondS P(’;';S‘iu

City Manganese Magnesium Iron Zinc Copper Sodium Calcium m
Gobnb;a q 74.79+3.36 374.16+10.85 108.71£3.15  70.93+2.05  73.53+2.13 93.87+2.72 1.31£0.09 2.51+0.07
Fz;li::;n 95.9749.59 2392.12+239.20 236.57+16.08 73.92+3.32  27.36+1.23 121.7045.47  1.69+0.07 2.84+0.13
pkis 95.91+2.78 2436.25+292.35 165.70+19.88  50.02+6.00  31.80+2.48  301.32+27.12 1.64+0.07 3.40+0.41

Neyshabour

Z;i/l;h 92.7145.38 2813.19+191.29 231.47+10.41 73.41+3.30 12.82+1.03  298.18+29.82 1.67+0.04 3.14+0.24
Baf;; gian 93.9744.22 2322.81+104.52 206.26+20.62 90.92+8.18  15.26+1.37  174.52+13.96 2.30+0.18 3.46+0.27
ing&uj 109.04+8.72 2451.87+196.14 24450+14.18 71.75+4.16  21.37+2.56  168.09+13.11 1.96+0.15 2.74+0.18
R c;lsﬁ?iaar 90.3648.13 2324.36+209.19 105.29+9.47  89.55+7.16 122.01+5.49 256.83+30.82 1.80+0.21 2.75+0.27
s :2;; N 86.69+10.40 1879.71+84.58 134.94+6.07  88.08+7.92  26.79+2.41  366.29+32.97 1.50+0.08 2.89+0.17
ToPr:;EZ m 87.19+7.84 3031.90+272.87 143.08+£12.88  74.40+5.05  32.26+2.91 132.59+9.01  1.29+0.11 3.51+0.31
Ka:;riar 85.5145.81 2168.40+125.76 170.00+13.60 87.58+8.75  16.88+0.97  268.70+15.58 1.71+0.17  3.40+0.15
QZ;\}/in 85.2846.65  22075.50+1721.88  103.75+8.09  91.17+7.11  17.50+1.75 173.24+7.79  1.41+0.12 2.94+0.26
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Table 2- The measured metals in different samples of saffron flower styles

Slade oS I3l Slade yy o313
Microelements Macroelements
mg.kg! 9.100 g
Ol o P o2 3250 o2l $9) e o foandS ]
City Manganese Magnesium lIron Zinc Copper Sodium Calcium Potassium
bet;d 60.94+4.87 1204.88+96.39 107.53+8.60  41.61+3.32 31.01+2.47 1555041124 2.97+0.21  1.41+0.11
onaba
FOL_Q?‘)B 97.391£9.74 1903.09+£183.03  232.73£20.27 49.42+4.94  24.89+3.25 402.49+24.40 4.15+0.35 1.69+0.17
ariman
L:\.Aj
o 113.134£10.18  2356.78+210.11 176.34+15.87 66.83+6.01 33.61+£3.02 250.17+22.51 3.08%0.28 1.55+0.13
Neyshabour
IS
Zaf/)eh 76.11+£3.42 1413.48+63.60 161.26£7.25 43.96+1.97 19.30%0.86 184.31+8.29 3.33£0.15 1.61+0.07
e 73.17+4.24 1726.77£100.15 197.17+11.43 45.61+2.64 16.98+0.98 154.47+8.96 4.30+0.25 1.44+0.08
Bardaskan
(]
Faaiz)uj 73.47+4.99 1730.15+£117.65 238.11+16.19 38.56+2.62 14.50+0.89 342.79+23.30 1.30+0.08 1.51+0.10
s
S97) 68.60+8.23 1215.40+£141.85 130.22+15.62 46.66+5.60 14.18+1.65 394.53+47.34 2.68+0.32 1.26+0.15
Roshtkhar
Sole.‘,w 93.60+8.42 1806.16+£162.55 150.92+13.58 50.83+4.57 23.14+2.08 241.84+21.77 2.58+0.23 1.80+0.16
arayan
Fl?c’””_: 82.1746.40 1940.71+£131.37  173.66+13.54 38.60+3.01  30.35+3.27 128.13+9.99 4.04+0.31 1.80+0.14
Torbat jam
K’fL{ 75.56£3.40 1450.73+61.28 149.89+6.74 54.74+1.42  49.3912.22 208.15+8.37 2.27+0.10 2.15+0.09
ashmar
Q"’"}f 67.00£1.94 1626.98+43.18 111.34+3.22 63.05£1.83  13.20+0.38 264.61+7.67 1.73+0.05 1.45+0.04
azvin
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* Results are mean = standard deviation (n=3).
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Table 3- The measured metals in different samples of saffron petals

1o oS Ol 3d Slao py 138
Microelements Macroelements
mg kg g9.100 g*
R P 2 o o2l &9, oMo o oS’ iy
City Manganese Magnesium lron Zinc Copper Sodium Calcium Potassium
Goj::gad 60.00 +4.80 737.41 £ 58.99 138.60+11.09 42.69+341 1363+1.09 12350+9.88 255+0.20 0.88+0.07
F"l_“""e 69.42 £6.94 1431.46 +123.16 213.25+25.31 40.76 £4.07 1495+2.25 233.27+23.22 1.38+0.15 1.11+0.11
ariman
o9 65.71£5.91 1067.55+96.07 168.06 £ 15.12 48.82+4.39 16.17+1.45 130.74+11.77 117+0.11 1.39+0.12
Neyshabour
ng‘}eh 80.08 + 4.60 1805.80 + 81.26 58.85 + 2.64 56.11+254 1460+0.66 539.25+24.26 291+0.13 1.28+0.06
\
S 72.63+2.41 1582.33+91.77  258.96 +15.01 49.71+2.88 15.84+092 11574+6.71 251+0.15 1.28+0.07
Bardaskan
FE”b_ 74.80 £4.08 1713.09+116.48 292.63+19.89 48.08+3.26 1533+1.04 233.86+15.90 345+0.23 1.44+0.09
arouj
Rc)JI;:Ifriar 63.43£7.61 109156 +130.98 158.31+18.99 53.69+6.44 13.46+1.61 171.53+2058 2.80+0.33 1.29+0.15
Sol""’w 65.43 £ 8.59 901.63 £81.14 159.87 +14.39 56.76 £5.10 1592+1.43 207.96+18.71 1.02+0.09 1.15+0.10
arayan
Ptz “’J 81.98 + 6.40 1446.01 + 112.79 97.24 £7.58 49.23+383 16.09+1.26 21476+16.75 279+0.21 1.29+0.10
Torbat jam
K:rfnL:a 70.29 £3.16 1106.54 + 49.79 207.17+9.32 5022+225 16.08+0.72 20523+9.23 249+0.11 1.59+0.07
shmar
Q"’i”'f 64.31+1.86 1380.93 +40.04 119.98+3.48 46.03+1.33 13.46+0.39 9344 +£2.71 1.66+0.05 1.16+0.08
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* Results are mean = standard deviation (n=3).
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Table 4- Analytical characteristics of the AAS method
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Characteristics Performance Zn Fe Ca Cu Mg Na K Mn
(mg.L?Y) (mgL?) (mgL') (mgL?) (mgL') (mg.L?) (mgL?') (mg.L?)
LOD 0.08 0.51 40.02 0.25 1.15 21.25 32.56 0.25
LOQ 0.38 2.10 186.25 1.20 5.50 103.89  129.42 0.95
Linear R
Inear Range 0.4-1.6 2-9 180-800 1-5 5-20  100-400 120-600 1-4
L;I°> 035.\Du
S d lati fficient (r2
quared correlation coefficient (") o oo 94 0999 0091 0998 0998 0999  0.954
R (N g i
RSD (%, n=5) 3.71 3.23 4.09 3.98 4.19 4.49 2.46 4.02
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