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Studies on the Efficiency of the Artificial Diet for the Silkworm, Bombyx mori L.
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Summary

Silkworm (Bombixz mori) were reared with modified artificial diets which were mixed with, as

additives, leaf powders of Erigeron canadensis L., Cassia tora L., Cyperus anuricus Var. Laxus

and Vigna Sinensis NEDL. The effects of additives on silkworm characteristics such as haemolymph,

intestine, silkgland and electrophoretic zymogram and chemical characteristisc of tested plants were

summarized as follows.

1. About 2~5% addition on dry weight base of leaf powders of E. canadensis, C. tora, C. anuricus

or V. sinensis to the basic artificial diet promoted feeding response and digestion and resulted

in good practical silworm characteristics. The addition of V. sinensis and C. anuricus showed

especially good effects.

The synergistic effect between different plant species was not recognized based on the feeding

response and digestion of silkworm reared with various combinations of 2~4 different plant

additives.

Electrophoretic zymograms of estrase, protease and phosphatase on haemolymph, intestine and

silkgland were significantly different among treatments. In general, 1 or 2 more electrophoretic

bands were detected when feeding response and digestion were promoted.

Contents of starch, crude fat, crude protein and inorganic base were apparently higher in the

tested plants than in mulberry leaves. However, no volatile ingredent which is directly realted

with feeding response was identified.
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Table 1. Effects of additive Plant on larvae weight and cocoon characteristics.

Moulted larvae weight(mg/larvae) ) Ratio of

Addi. Plant | Addi. Ratio | ‘ [ Fally | Whole | Dupation cocoon
nsétar 3 A s grown mortality ratio layer

(%) larvae (%) (%) (%)

2 3.3 28.1] 142.6 618.8] 4.296 14 86 20.6

Er 5 4.3 30.2] 147.7 6452 4 421, 10 90 20.8

8 4.4 245 138.4] 526.3 4.046 18 80 16.3

11 42| 22.8 130.5| 503.2 3.765 36 62 16.6

2 3.8l 269 146.9 6.3 4270 16 80 20.8

Ca 5 4.2 26,4  144.7] 582.6 4.024 16 78 18.1

8 41 238 1123 546.3 3.931 22 73 17.4

11 3.3, 20.6  86.4] 416.6 3.216 38 42 16.0

2 4.1 27.8 140.5 688.1] 4.740 12 88 21.2

Cy 5 4.4 324 153.6 7123 4.822 12 92 | 21.3

8 4.2 30.3 147.5 690.2| 4.653 16 80 20.5

11 3.8 26,6 132.6| 537.7| 3.625 30 64 17. 4

2 4.3 20,0 165.3 732.9 4.770| 10 89 21.3

Vi 5 4.3 28.5 166.7] 745.1 4.796 12 90 23.4

8 4.0 28.0 1423 718.8 4.702 16 83 20. 2

11 3.9 267 129.6 6327 4 026} 20 77 17.7

Cont. 1 4. 4‘ 26. 7] 133. 1] 622.4 4. 263 18 82 20. 2

note Er: Erigeron canadensis L(%%)
Ca: Cassia tora L(Z= )

Cy: Cyperus anuricus Var. Laxus(%-E4te])
Vi: Vigna sinensis ENDL (5%



Table 2. Effects of feed additivies and mixing ratio on the amounts of feed and excrement.

Item Addi Amounts of feed(mg/larve) Dry Wt. of excrement(mg/larvae)
Addi. ratio Instar| All | Inster] All
Plent 1!2’3!4{ {inster 1;2]3‘415‘inster
2 3.6 13.3’ 52.25223.2{3,134 3,426.3 0.8 4.9 27.2 1213 1.845 1,999.2
Er 5 3.8 16,4 56.0 241.5 3,215 3,532.7) 0.8 4.7 27.8 133.6 1,876| 2,042.9
8 3.2 112 54.1 212.6 2,876 3,157.1 0.8 4.4 28.6 116.8 1,708| 1,856.6
11 2.7 10.8 49.6 184.812,484 2,73.9) 0.7 4.0 26.8 107.4 1,486/ 1,624.9
2 3.9 149 53.9 236.6/3,113 3,422.3 0.8 4.6 281 128.8 1,830 1,992.3
Ca 5 3.7 14.4 52.6 225.3 3,025 3,321.0) 0.8 4.4 27.5 123.2 1,783 1,938.9
8 3.1 13.1 48.7202.7) 2,743 3,010.6 0.9 4.2 26.3 1154 1,762 1,908.8
11 2.4 112 43.3199.4 2,306 2,652.3 0.8 3.7 25.8 111.9 1,636 1,778.2
2 3.4/ 14.5 59.5 273.1| 3,226/ 3,576.5 0.7 4.3 29.3 140.7 1,860, 2,035.0
Cy 5 3.5 16.2 62.6 265.0 3,338 3,685.41 0.7 5.4 30.6 136.6 1,905 2,078.3
8 3.2 15.7 60.6 239.2 3,072 3,390.7| 0.7 5.0 29.7126.1 1,807 1,968.5
11 2.9 13.8 51.2 218.8/2,623 2,919.7| 0.6 4.2 28.8 120.3 1,581 1,734.9
2 4.0 16.3 61.3 271.0| 3,238 3,500.6 0.8 51| 29.4) 143.5 1855 2,033.8
Vi 5 3.7) 16.8 63.6 288.3( 3,468 3,840.4 0.8 5.5 30.9| 148.2 1,914 2,099. 4
8 3.7) 16.5 62.5/280.1( 3,180 3,542.8 0.8 6.1 20.7) 145.4 1,836 2,018.0
11 3.3 13.6| 53.7) 225.4] 2,746 3,042.0 0.7] 4.4 28.7 122.4 1,665‘1,821.4
Cont. | 3.3 13.5 51.3 23602998 3,302.1 0.8 4.8 27.6 132.4 1,82 1,993.6
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Table 3. Effects of feed additives and mixing ratro on the Digestive ratro and number of excrements.

) ) ) Digestive ratio(%) Number of excrement
Addi. Plant | Addi. ratio Instar‘ ‘ ‘ l ATl Trstar i ! { AT
% 1 2 3 4 5 | inster 1 2 ' 3 4 5 | instar
2 77.70 63.1 47.6 45.6 41.1] 416 35.0 53.8] 70.2 128.9 270.3] s67.2
Er 5 78.90 71.3| 50.3 44.6/ 41.6] 421 33.7 6l.1| 65.6 125.0] 302.4] 587.8
8 75.0| 60.7| 50.8 45.0, 49.6  41.1' 31.6| 54.2| 67.1 106.3 275.6/ 534.8
11 74.0) 62.5 45.9) 41.8 40.1  40.5 29.8 46.7) 60.3 95.4 264.7 479.9
2 79.4 69.1 47.8| 45.5 41.2| 417 34.7 53.4 74.9 133.7 263.8 560.5
Ca 5 78.3] 69.4 47.7| 45.3] 41.0) 4l.6 34.3 50.4 64.1] 121.8 260.61 531. 2
| 8 70.9) 67.9 45.9 43.0 35.7) 36.5 32.6 46.7 65.3 106 2617 507.9
; 11 | 66.6 66.9 40.4 43.8 317 329 30.2} 41.9] 52.9| 88.5 232.5 446.0
{ 2 79.4; 70.3| 50.7| 48.4| 42.3  43.1 40.1] 53.9 78.01 124.3 312.8  609.1
Cy 80.0 66.6| 51.1) 48.4] 42.9  43.6 42.7| 58.1] 93.2 141.0 296.9 63L6
j 78.1] 68.1| 49.2( 47.2| 41.1 419 40.2 64.0| 71.7 132.5 316.8/ 625.2
| 11 79.3| 69.5/ 43.7| 45.0| 39.7  40.3| 37.4| 46.3] 65.4| 114.6 291.5  555.2
2 80.0| 68.7] 52.0 47.0| 42.7  43.3 0.0 69.4 101.1] 129.1) 320.0] 659.5
- 5 78.3| 67.2] 51.4 48.5 44.8% 45.3| 40.9 65.7 103.7| 136.6| 346.1]  693.0
8 78.3 63.0| 52.4/ 48.01 42.21  43.0| 40.7| 60.6 74.4 127.8 332.9 636.4
11 78.7| 67.6] 46.5/ 45.6 39.3} 40.1 36.2] 52.8 71.6| 108.9 287.5 557.0
Cont. | | 78.7) 644 461 43.8 30.0) 30.6 40.3 58.0 7.5 109.5 276.9 5722
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Table 4. Effects of feed additives and their mixing combinatrons on the Characteristics of larvae and Cocoon.

Mixi Add Larval ?Vltl of Mortal Ratlo of During a lifetime
ixing 1. ully ortality | cocoon - :
combinations | ratio ng;c;g grown layer Al;c“e% ] of | D II%Z:%VC [e fcﬁ%e(;ft No. of
Q, o, %
(%) larvae(mg) (%) (%) (mg) (%) | (mg) | excrement
FrtCa 1 2%6.2 | 428 10 | 2272 | 2,361 4.0 | 13,88L1  433.6
2 26.5 3.72 14 19.52 | 1,667.1 ' 313 1,144. 8 406. 1
E4+Cy 25.7 4. 46 16 20.6 2,136. 4 \ 39.3 1, 296. 0‘ 514.2
25.7 4.07 14 21.3 1,765. 8 ' 29.0 1,237 51; 472. 6
Er+Vi 1 25.3 4.65 6 21.8 2,852.5 \ 49.1 1,451. 6 531.3
2 25.2 4.63 8 2.6 2,849.3 47.8 1,486. 9 533.7
L ‘ ‘
Ca+-Cy 1 26.5 3.82 32 19.8 | 1,954.2) 321 | 13268 5065
2 26.5 3.65 26 18.7 1,578.6 37.7 982.7, 436.7
Cat-Vi 1| 0 4.72 | 4 2.2 | 2,972 40,8 | 1,750.4  545.4
2 , 26.2 4. 65 ’ 2 22.3 2,238.7 ] 22.7 ' 1, 482. 6‘ 457. 8
Cy+Vi 1 25.7 4.38 8 216 29955 . 485 | 1,639.7 6033
2 25.5 4.06 6 19.9 2,515.5 | 39.7 1,766. 2 543. 4
0.5 26.5 3.92 26 18.8 1,869. 4 39.7 1,126. 6 482. 4
Er+Ca+Cy 1.0 26.3 3.98 24 19.2 2,016.5 39.2 1,224.1 512.6
1.5 26. 4 3.76 26 18.3 1,696.0 39.1 | 1,032 2 471.3
0.5 26.0 4.06 8 22.2 3,042.9 39.9 1,828 Zi 565. 5
Er+Ca+Vi 1.0 25.8 4.19 6 22.0 3,019.3 39.0 1, 840. 5] 521.8
1. 25.8 4.23 | 2 22.0 2,812.1 41.9 1, 633. 0! 479.3
0.5 | 262 4.12 20 20.3 | 2,156.2| 345 | 14122 5167
Er+Cy+Vi 1.0 26.5 4.05 20 19.6 2,014.6 29.7 1, 416. li 507. 8
1.5 26.7 3.96 28 18.8 1,769. 4 314 1,212. 5 496. 2
0.5 25.2 4. 49 6 23.1 2,736.7 41. 6 1,596.5 457.1
Ca-+Cy+Vi 1.0 25.0 4. 65 2 22.2 2,657.0 41.6 1,551.0 472.7
15 25.0 4.67 4 22.6 ] 2,778.5 38.1 717. 6 510.6
Er+Ca-+Cy 0.5 25.4 4.82 2 22.0 2,667.2 40.0 1, 597. 9& 523.0
. 1.0 25.4 4.72 8 22,2 2, 665, 2 39.9 1, 599, 5{ 502. 0
+Vi 1.5 25.3 4.37 6 2.8 2,557.0 40. 1 1, 630. 9J 523.3
H ! | ,
Control | | eas | a3t | 18 | 2.4 | 2721] 407 | 16886 5432
+ViE, EA+CH+VE 2 C+C+-VIEZA HEHZE LS Eiels aTEA HkHe 5& EYWESNK
2~8%, REERE 4. 2~4.8z, WEILE 21~23%, < BAY e 94 2L HEs E2iov &AEY

bz 41~49% W ¢ o o},
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Fig. 1. Diagrammatic representation of esterase zZymo-

grams on the silkworm hemolymph.
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Fig. 2. Diagrammatic representation of esterase zymo-
grams on the silkworm intestine.
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Fig. 3. Diagrammatic representation of esterase zymo-
grams on the silkgland.
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Fig. 4. Diagrammatic representation of protease zymo-
grams on the silkworm hemolymph.
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Fig. 6. Diagrammatic representation of phosphatase
zymograms on the silkworm hemolymph.

Fig. 5. Diagrammatic representation of protease zymo-
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Fig. 7. Diagrammatic representation of phosphatase
zymagrams on the silkgland.



Table 5. Chemical characteristics of plants used as feed additives.
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