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Analyses of the nutritional requirements of Tetranychus urticae
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Abstract [Objectives] To clarify the nutritional requirements of Tetranychus urticae during growth and reproduction in
order to develop an artificial diet for this species. [Methods] We compared the main nutritional contents of T. urticae that
had either been raised on natural foods, starved for 24 h, or fed on fresh bean leaves, damaged bean leaves or fresh bean leaves
and fresh bean leaf juice. [Results] The protein content of T. urticae that had been starved for 24 h increased significantly
(12.06%) whereas their alanine content decreased by 9.82%. There was no significant difference in the sugar and vitamin
content of starved and fed individuals. The protein, proline and vitamin B; content of bean leaves was 49.74%, 42.26%,
23.36% less, respectively, in damaged than in fresh bean leaves. There was no significant difference in the leaf sugar content
of damaged and undamaged leaves. Eight of 10 essential amino acids were significantly less abundant in leaf juice than in
leaves. Of these, lysine decreased the most (38.46%). Seven of 8 non-essential amino acids were also significantly less
abundant in leaf juice than in leaves. Of these, cysteine decreased the most (66.67%). Vitamin B, content was lower than the
limit of quantification (0.10 mg/100 g) and was not detected in leaf juice. Vitamins E, B, Bs, B> and nicotinic acid were
45.00%, 27.78%, 34.30%, 56.79%, 27.43% less abundant, respectively, in leaf juice than in leaves, and K, Mg and Mn
concentrations were respectively 12.25%, 15.60%, 27.33% lower in leaf juice than in leaves. [Conclusion] Protein, alanine,

proline and vitamin B, are the main nutrients obtained by T. urticae from bean leaves. Significant differences among some
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amino acids, vitamins and trace elements were observed between bean leaves and leaf juice.
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Table 1 Methods used in nutrient content analyses of bean leaves and bean leaf juice

Test items

Test method

Test items

Test method

Protein

Lipid
Glucose

Fructose

Lactose

Sucrose
Maltose
A Vitamin A
E Vitamin E
D Vitamin D
Ky Vitamin K;

Ascorbic acid

B, Vitamin B,
B, Vitamin B,

B Vitamin By

GB 5009.5-2016
GB 5009.6-2016
GB 5009.8-2016
GB 5009.8-2016
GB 5009.8-2016
GB 5009.8-2016
GB 5009.8-2016
GB 5009.82-2016
GB 5009.82-2016
GB 5009.82-2016
GB 5009.158-2016
GB 5009.86-2016
GB 5009.84-2016
GB 5009.85-2016
GB 5009.154-2016

B12 Vitamin B12

Niacin

Pantothenic acid

Folic acid

Biotin

Calcium
Copper
Iron
Potassium
Magnesium
Manganese
Sodium

Zinc

GB 5413.14-2010

GB 5009.89-2016

GB 5009.210-2016
GB 5009.211-2014
GB 5009.259-2016
GB 5009.268-2016
GB 5009.268-2016
GB 5009.268-2016
GB 5009.268-2016
GB 5009.268-2016
GB 5009.268-2016
GB 5009.268-2016
GB 5009.268-2016

18 Amino acid GB 5009.124-2016

The above test is based on the “Determination of the Content of Various Nutrients in Foods”.
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Fig.1 Water content in Tetranychus urticae and bean leaves
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A. Fresh or dried T. urticae reared on bean plants or starved 24 h;
B. Fresh and dried bean leaves with or without spider mite damage.

Dried bean leaves
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Table 2 Nutrient contents (ng per mite) of Tetranychus urticae reared on bean leaves and starved for 24 h

24 h P 24h P
Nutrient contents Normal feeding Starved 24 h P value| Nutrient contents Normal feeding Starved 24 h P value

Protein 910.59+13.67 1020.37+11.12 <0.001 Met 2.72+0.10 2.63+0.24  0.77

Lipid 5.08+0.25 5.10+0.11 0.97 Val 4.5+0.14 4.43+0.38  0.88

Gly 2.86+0.12 2.68+0.07 0.29 Tyr 5.74+0.25 5.24+0.45  0.40

His 2.68+0.13 2.94+0.11 0.20 Ile 2.36+0.13 2.32+0.28 091

Thr 3.19+0.12 2.93+0.21 0.35 Leu 6.62+0.22 6.51+£0.50  0.86

Glu 10.38+0.24 10.45+0.09 0.80 Phe 5.36+0.29 5.34+0.50  0.97

Asp 2.25+0.13 2.20+0.19 0.84 Trp 1.414+0.08 1.38+0.17  0.89

Ala 8.96+0.22 8.08+0.20 0.04 Glucose 0.88+0.13 0.93+0.04  0.71

Arg 7.84+0.15 7.38+0.52 0.47 Fructose 0.03+0.00 0.03+0.00  0.93

Pro 2.17+0.08 1.82+0.14 0.11 Sucrose 0.40+0.07 0.45+0.01  0.51

Cys 1.52+0.11 1.44+0.17 0.70 B, Vitamin B;  0.07+0.01 0.11+£0.02  0.19

Lys 8.18+0.37 7.81+0.69 0.66 B, Vitamin B,  0.19+0.00 0.20+0.00  0.10

2.3 ZHIMEAENH AERNRE
B,
3 23.36% B, B,
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24 MASHEREFNER
1.7 2.1 4

5.2

42.26% 14
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Table 3 Nutrient contents (ng/cm?) in fresh bean leaves and damaged bean leaves

P

Nutrient contents Fresh leaves Damaged leaves P value

Protein 50 004.85+2 682.98 25 132.19+1 871.51 <0.001
Lipid 215.65+15.54 197.2549.63 0.38
Gly 35.22+4.64 31.53+2.46 0.53
His 288.33+£59.81 974.99+210.82 0.07
Thr 115.20+14.38 178.85+28.43 0.14
Glu 30.91+3.49 99.27+£50.24 0.31
Asp 355.07+£60.55 308.14+26.71 0.53
Ala 155.4749.35 263.64+24.30 0.03
Arg 238.85+65.11 340.32+£55.92 0.30
Pro 145.56+15.59 84.04+14.14 0.04
Cys 28.94+5.59 37.78+14.36 0.61
Lys 103.24+5.38 138.29+23.40 0.27
Met 12.52+2.31 10.26+1.38 0.45
Val 285.42+74.71 406.90+114.02 0.43

Tyr 92.51£10.18 193.35£12.47 <0.001
Ile 216.92+57.06 326.37+41.61 0.20
Leu 190.01£18.09 240.32+23.44 0.17
Phe 156.87£17.70 344.04+62.31 0.09
Trp 52.05+6.54 268.23+45.74 0.04
Glucose 797.00+139.10 462.27+85.67 0.11
Fructose 802.62+103.55 519.34+91.76 0.11
Sucrose 5.21+0.06 5.26+0.45 0.93
B; Vitamin B, 4.58+0.14 3.51+0.27 0.04
B, Vitamin B, 6.89+0.98 9.30+0.99 0.16
B, Vitamin B; 0.69+0.06 0.80+0.07 0.32
A

0.10 g/100 g 10.00 pg/100 g D
0.70 pg/100 g
B, 0.10 mg/100 g
0.11 mg/100 g
E B, Bs B
33.83% 8

45.00% 27.78% 34.30% 56.79% 27.43%
34.27%
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Table 4 Nutrient contents in bean and bean leaf juice
P

Nutrient contents Unit Leaves Juice P value
Protein g/100 g 5.12+0.37 4.35+0.06 0.17
Lipid g/100 g 0.27+0.03 0.23+0.03 0.52
Glucose g/100 g 0.14+0.01 0.14+0.01 0.55
Fructose g/100 g 0.08+0.04 0.07+0.04 0.95
Asp g/100 g 0.66+0.54 0.53+0.003 0.12
Thr g/100 g 0.18+0.01 0.12+0.003 0.03
Ser g/100 g 0.18+0.01 0.12+0.002 0.03
Glu g/100 g 0.43+0.03 0.27+0.01 0.03
Gly g/100 g 0.21+0.01 0.13+0.002 0.03
Ala g/100 g 0.23+0.02 0.14+0.003 0.03
Val g/100 g 0.24+0.02 0.16+0.00 0.04
Met g/100 g 0.08+0.01 0.06+0.003 0.03
Ile g/100 g 0.18+0.01 0.12+0.003 0.04
Leu g/100 g 0.38+0.02 0.25+0.01 0.02
Tyr g/100 g 0.17+0.01 0.15+0.003 0.02
Phe g/100 g 0.23+0.02 0.15+0.003 0.03
Lys g/100 g 0.26+0.02 0.16+0.003 0.03
His g/100 g 0.12+0.01 0.08+0.00 0.06
Arg g/100 g 0.28+0.03 0.19+0.00 0.07
Pro g/100 g 0.18+0.01 0.12+0.00 0.04
Trp g/100 g 0.06+0.00 0.04+0.00 0.01
Cys g/100 g 0.03+0.00 0.01+0.00 0.01
E Vitamin E mg/100 g 0.60+0.06 0.33+0.03 0.02
K, Vitamin K, mg/100 g 0.14+0.01 0.17+0.00 0.12
Ascorbic acid mg/100 g 37.10+£3.91 34.00+3.41 0.58

B, Vitamin B, mg/100 g 0.11+0.00 <0.10

B, Vitamin B, mg/100 g 0.18+0.01 0.13+0.002 0.01
B Vitamin Bg mg/100 g 0.32+0.03 0.21£0.01 0.05

B, Vitamin B, mg/100 g 0.000 8+0.00 0.000 4+0.00 <0.001
Niacin mg/100 g 1.13+0.03 0.82+0.02 0.01
Pantothenic acid mg/100 g 0.23+0.02 0.24+0.01 0.42
Folic acid mg/100 g 0.07+0.01 0.06+0.00 0.20
Biotin mg/100 g 0.006+0.00 0.006+0.00 0.86
Calcium mg/kg 710.33+£70.79 652.67+15.56 0.50
Iron mg/kg 22.80+1.97 18.97+0.85 0.18

Potassium mg/kg 3 510.00£110.60 3076.67+43.33 0.045
Magnesium mg/kg 327.00+9.54 276.00+1.00 0.03
Manganese mg/kg 6.88+0.20 5.00+0.03 0.01
Sodium mg/kg 17.83+6.02 7.96+0.92 0.24
Zinc mg/kg 6.22+0.45 4.76+0.25 0.06
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