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Table 7.1 The lapsing times (seconds) of the second bee revisited on the same
flower (Mimosa invisa) after the first visit of honeybee foragers.

Number o f 
foragers

A. andreni 
form is

A. cerana A. dorsata A. florea A. mellifera

1 17 22 30 25 420
2 16 23 35 22 480
3 15 23 31 27 660
4 17 25 28 27 540
5 18 22 34 24 720
6 16 24 32 26 780
7 17 23 29 24 480
8 15 23 27 27 420
9 18 22 29 25 420

10 16 24 31 27 600
X +SD 16.5+1.1 23.1+0.9 30.6+2.5 25.4+1.8 600+162.5

Table 7.2 Gland width o f mandibular glands o f honeybee foragers in Thailand

Species A. andreniformis A. cerana A. dorsata A. florea A. mellifera

Data width width width width width
1 240 360 533 142 540
2 220 480 590 180 510
3 210 450 520 180 468
4 228 430 538 197 518
5 236 422 545 208 506
6 224 387 531 176 531
7 237 392 582 184 527
8 225 460 559 192 509
9 213 418 561 169 514
10 219 429 577 196 517

Average 225.2 422.8 553.6 182.4 514
SD 10.16 36.03 23.90 18.29 19.37



Table 7.3 Gland lenght of mandibular glands of honeybee foragers in Thailand

Species A. cmdreniformis A. cerana A. dorsata A. florea A. mellifera
Data length length length length length

1 355 510 616 213 620
2 360 520 660 200 660
3 348 500 680 220 570
4 338 508 624 217 589
5 332 514 633 228 591
6 340 511 629 203 629
7 329 518 637 213 632
8 335 515 654 224 601
9 344 509 647 234 593
10 330 516 665 220 587

Average 341.1 512.1 644.5 217.2 607.2
SD 10.57 5.80 20.21 10.50 27.21

Table 7.4 Cell type I width o f mandibular glands o f honeybee foragers in Thailand
Species A. cmdreniformis A. cerana A. dorsata A. florea A. mellifera

width width width width width
1 3.2 4 4.7 3.2 4.7
2 2.4 4.2 4.6 2.7 4.4
3 2.7 4.3 4.8 2.8 4.5
4 2.9 4.2 4.5 2.6 4.3
5 2.2 4.3 5.2 2.7 4.5
6 2.5 4.5 5.3 2.8 4.8
7 2.4 4.2 5.2 2.3 4.4
8 2.6 4.2 5.1 2.5 4.3
9 2.3 4.4 5.2 2.9 4.7
10 2.2 4.3 5.1 3.1 4.6

Average 2.54 4.26 4.97 2.76 4.52
SD 0.32 0.13 0.29 0.26 0.17



Table 7.5 Cell type I length of mandibular glands of honeybee foragers in Thailand

Species A. andreniformis A. cerana A. dorsata A. florea A. mellifera
Data length length length length length

1 3.6 4.4 6.2 3.5 5.1
2 3.7 4.9 5.7 3.4 5 3

3 3.1 4.8 5.6 3.9 5.4
4 3.2 4.7 5.2 3.9 5.2
5 3.1 4.6 6.2 3.4 5.3
6 3.3 4.6 6.3 3.6 4.9
7 3.2 4.7 6.1 3.8 5.1
8 3.4 4.4 5.9 3.7 4.8
9 3.4 4.3 6.4 3.3 5.5
10 3.3 4.2 6 3.8 5.2

Average 3.33 4.56 5.96 3.63 5.18
SD 0.20 0.22 0.36 0.22 0.21

Table 7.6 Cell width o f type II cells o f  honeybee foragers in Thailand

Number A. andreniformis A. cerana A. dorsata A. florea A. mellifera
width width width width width

1 14 16.6 21.6 15.5 17.5
2 13.8 16 9 20.8 14.1 16.2
3 13 5 16.8 21.1 14.2 17.8
4 14.4 17.4 22.2 14.7 184
5 13.9 17.8 22.5 13.6 16.5
6 14.1 15.7 22.7 13.8 17.6
7 13.6 15 5 21 4 14 182
8 13 7 17.4 20.1 14:1 17.9
9 14.3 16.3 20 5 144 17.4
10 14.2 162 21 2 13 5 18 3

Average 13.95 16.66 21.59 14.19 17.58
SD 0.30 0.75 0.85 0.58 0.73



Table 7.7 Cell lenght of type II cells o f honeybee foragers in Thailand

Number A. andreniformis A. cerana A. dorsata A. florea A. mellifera
length length length length length

1 16 2 18 7 22 8 18 8 2 0 3
2 17.1 18 3 23 1 18.4 20.0
3 16.6 18 6 23.5 18 7 19.7
4 16.8 18 9 24 192 21.1
5 17 9 18.8 23.2 19 5 19.4
6 17 19.7 22.6 18.1 2 0 2
7 17.1 18.4 21.9 17.1 193
8 17.2 18.1 21.2 17.7 18.9
9 17.3 19.2 20.7 16.8 19.6
10 167 18 6 21.2 17 5 19.5

Average 16.99 18.73 22.42 18.18 19 8
SD 045 0 4 6 111 0 8 9 0.62

Table 7.8 Cell width o f type III cells o f honeybee foragers in Thailand

Number A. andreniformis A. cerana A. dor sal a A. florea A. mellifera

width width width width width
1 13.3 16.3 20.3 14.9 16.8
2 13.7 16 1 21 14.6 16
3 13 5 17.4 20.4 14 15.9
4 13.9 17 21.6 14.8 162
5 12 1 16.5 21.3 13.9 16.5
6 12.6 162 21.7 13.7 17.6
7 11 9 15 3 21.9 13.6 17.3
8 12.5 17 1 2 0 4 14 8 167
9 13 8 16 3 20.1 13 9 16 9
10 12 16 5 21 2 13 8 17 5

Average 12.93 16.47 21.59 14.2 16.74
SD 0.79 0.59 0.65 0.51 0.60



Table 7.9 Cell lenght of type III cells of honeybee foragers in Thailand

Number A. andreniformis A. cerana A. dorsata A. florea A. mellifera

length length length length length
1 15 8 17 7 21 1 17 5 18 8
2 16.5 17 5 22.5 17.6 18.5
3 15 9 18.3 22.7 17 8 18.3
4 16.5 18 1 22.5 18 7 19
5 17 6 18.4 21 6 19.3 18.9
6 17.5 17 9 22 18.6 18 1
7 173 17 6 21.9 17.9 192
8 16.8 18.1 21.5 17.5 18.7
9 17 19.2 20 1 17.1 194
10 17.9 17 6 20.1 17.3 19

Average 16.88 18.04 21 6 17.93 18.79
SD 0.71 0.51 0.93 0.70 0.40

Table 7.10 Comparative cell width among mandibular gland o f foragers in Thailand

Number A. andreniformis A. cerana A. dorsata A. florea A. mellifera
Cell
type

W idth Width Width Width Width
Type I 2.54±0.32 4.26+0.13 4.97+0.29 2.76+0.27 4.52+0.18
Type II 13 95+0 30 16.66+0.75 21.59+0.85 14 19+0 58 17 58+0 73
Type III 16.88+0.71 18 04+0 51 21.60+0.93 17.93+0.71 18 79+0 40

Table 7.11 Comparative cell length among mandibular gland o f foragers in Thailand

Number A. andreniformis A. cerana A. dorsata A. florea A. mellifera
Cell
type

length length length length length
Type I 3.33+0.20 4.56+0.22 5.96+0.37 3.63+0.22 5.18+0.21
Type II 16 99+0 46 18 73+0 46 22 42+1 11 18 18+0.89 19.80+0.62
Type III 16.88+071 18.04+0.51 21.60+0.93 17.93+0.71 18 79+0 40



One way
Descriptives

N Mean Std.
Deviation

Std. Error

Lapsing time A. andreniformis 10 16.5000 1.0801 0.3416
A. cerana 10 13.1000 0.9944 0 3145
A. dorsata 10 306000 2.5473 0.8055
A. flo rea 10 25.4000 1 7127 0.5416
A. mellifera 10 552.0000 132.0606 41.7612
Total 50 129 5200 220 8151 31.2280

Gland width A. andreniformis 10 182.4000 10.1631 3.2139
A. cerana 10 422 8000 36.0302 11.3938
A. dorsata 10 553.6000 23.9082 7.5604
A. flo rea 10 225 2000 18.2951 5.8754

A. mellifera 10 514 0000 19.3793 6.1283
Total 50 379.6000 153.4287 21.6981

Gland length A. andreniformis 10 217.2000 10.5071 3.3226
A. cerana 10 512 0000 5 8013 1.8345
A. dorsata 10 644.5000 202169 6 3931
A. florea 10 341.1000 10.5772 3.3448

A. mellifera 10 607.2000 27.2185 8.6072
Total 50 464.4200 164.5518 23.2711

Cell type I width A. andreniformis 10 2.5400 .3204 .1013
A. cerana 10 4.2600 .1350 4.269E-02
A. dorsata 10 4 9700 2908 9 .195E-02
A. florea 10 2.7600 .2675 8.459E-02

A. mellifera 10 4.5200 .1751 5.538E-02
Total 50 3.8100 1.0146 .1435

Cell type I length A. andreniformis 10 3.3300 .2003 6.333E-02
A. cerana 10 4.5600 .2271 7 180E-02
A. dorsata 10 5.9600 .3688 .1166
A. flo rea 10 3.6300 .2214 7.00E-02

A. mellifera 10 5.1800 .2150 6 779E-02
Total 50 4.5320 1.0110 .1430



One way
Descriptives

N Mean Std.
Deviation

Std. Error

Cell type II width A. andreniformis 10 13.9500 .3028 9.574E-02
A. cercma 10 166600 .7516 .2377
A. dorsata 10 21.4100 8543 .2702
A. florea 10 14.1900 .5820 1841
A. mellifera 10 17.5800 7330 .2318
Total 50 16.7580 2.8155 .3982

Cell type II length A. andreniformis 10 16.9900 .4581 .1449
A. cerana 10 18.7300 4620 .1461
A. dorsata 10 224200 1.1114 3514
A. florea 10 18.1800 .8979 2839
A. mellifera 10 19.8000 .6236 1972
Total 50 192240 1.9918 .2817

Cell type III width A. atไdreniformis 10 16.8800 .7115 .2250
A. cerana 10 18.0400 5125 1621
A. dorsata 10 21.6000 .9333 .2951
A. florea 10 17.9300 .7072 2236
A. mellifera 10 18.7900 .4012 .1269
Total 50 18.6480 1.7389 .2459

Cell type III length A. andreniformis 10 12.9300 .7931 .2508
A. cerana 10 164700 5945 1880
A. dorsata 10 20.9900 .6506 .2057

A. florea 10 142000 5121 1619
A. mellifera 10 16.7400 .6022 .1904
Total 50 16.2660 2.8502 .4031



Descriptives
95% Confidence 

Interval for Mean
Lower
Bound

Upper
Bound

M inimum Minimum

Lapsing time A. andreniformis 15.7273 17.2727 15.00 18.00
A.cerana 22 3886 23.8114 22 00 25.00
A.dorsata 28.8778 32.4222 27 00 35 00
A.florea 24.1748 26 6252 22.00 27 00
A.mellifera 457.5295 646.4705 420.00 780.00
Total 66.7650 1922750 15.00 780 00

Gland width A. andreniformis 169.3125 195.4875 142.00 208.00
A. cerana 397.3255 448.5745 360.00 48000
A. dorsata 536.4971 570.7029 520.00 590.00
A .flo rea 217.9297 2324703 210 00 240 00

A. mellifera 500.1369 527.8631 468.00 540 00
Tot ฟ 335.9960 423.2040 142.00 590.00

Gland length A. andreniformis 209.6836 224.7166 200.00 234.00
A. cerana 507.9500 516.2500 500.00 520 00
A. dorsata 630 0377 658 9623 61600 680 00
A .flo rea 333.5335 348 6665 329.00 360.00

A. mellifera 587.7291 626.6709 570.00 660.00
Total 417.6549 511.1851 200.00 680.00

Cell type I width A. andreniformis 2.3108 2.7629 2.20 3.20
A. cerana 4.1634 4 3566 4.00 4.20
A. dorsata 4 7642 5 1780 4.50 5 30
A .flo rea 2 5685 2 9514 2 30 3.20

B. mellifera 4.3947 4.6453 4 30 4.80
Total 3.5216 4 0984 2.20 5.30

Cell type I length A. andreniformis 3 1867 3 4733 3 10 3.70
A. cerana 439 7 6 4 7224 4.20 4.90
A. dorsata 5 6962 6.2238 5.20 6.40
A .flo rea 3.4716 3 7844 3.30 3.90

B. mellifera 5.0262 5.3338 4.80 5.50
Total 4 24 4 7 4 8193 3.10 6.40



Descriptives
95% Confidence
Interval or Mean
Lower
Bound

Upper
Bound

Minimum Manimum

Cell type II width A . a n d re n ifo rm is 13.7334 14.1666 13.50 14.40
A . cercm a 16.1223 17.1977 15.50 17.80
A . d o rsa ta 20.7988 220212 20.10 22 70
A . flo r e a 13.7736 14.6064 13.50 15.50
A . m e llife ra 17.0556 18.1044 16.20 1840
Total 15.9578 17.5582 13.50 22.70

Cell type II length A . a n d re n ifo rm is 16.6623 17.3177 16.20 17.90
A . ce ra n a 18.3995 19 0605 18.10 19.70
A . d o rsa ta 21.6250 23.2150 20 70 2 4 0 0
A . flo r e a 17.5377 18.8223 16.80 19.50
A . m e llife ra 19 3539 20.2461 18.90 21.10
Total 18.6579 197901 16.20 24.00

Cell type n i  width A . a n d re n ifo rm is 163710 173890 15.80 17.90
A . ce ra n a 16.6734 18.4066 17.50 1920
A . d o rsa ta 20.9323 22.2677 20 10 22.70
A . flo r e a 13.7736 184359 17.10 19.30
A . m e llife ra 18.5053 19.0770 18.10 1940
Total 18.1538 19.1422 15.80 22.70

Cell type III length A . a n d re n ifo rm is 123627 13.4973 11.90 13.90
A . ce ra n a 16.0447 16.8953 15.30 17.40
A . d o rsa ta 20.5246 21.4554 20.10 21.90

A . flo r e a 13.8337 14.5663 13.60 14 90
A . m e llife ra 16 3092 17.1708 15.90 17 60
Total 15.4506 17.0760 11.90 21.90



Test of Homogeneity of Variances

Levene Statistic dfl d£2 Sig.
Lapsing times 30.573 4 45 .000
Gland width 2.826 4 45 .036
Gland length 7.442 4 45 000
Cell type I width 2 564 4 45 051
Cell type I length 1.480 4 45 224
Cell type II width 1.806 4 45 .144
Cell type II length 4 595 4 45 .003
Cell type m  width 1 442 4 45 236
Cell type III length 1.841 4 45 138

Anova
Sum of 
squares

df Mean
square

F Sig

Lapsing times Between Groups 2232142.3 4 558035.57 159.881 .00
Within Groups 157064.20 45 3490.316
Tot ฝ 2389206.5 49

Gland width Between Groups 1129328.0 4 282332.00 526.084 .00
Within Groups 24150.000 45 536.667
Total 1153478.2 49

Gland length Between Groups 1314138.7 4 328534.67 1168.747 .00
W ithin Groups 12649.500 45 281.100
Total 1326788.2 49

Cell type I width Between Groups 47.676 4 11.919 193.700 .00
Within Groups 2.769 45 6.153E-02
Total 50.445 49

Cell type I length Between Groups 47.183 4 11.796 182.659 .00
Within Groups 2.906 45 6.458E-02
Total 50.089 49

Cell type II width Between Groups 368.059 4 92.015 203.342 .00
Within Groups 20.363 45 .453
Total 388.422 49

Cell type II length Between Groups 168.709 4 42.177 73.903 .00
Within Groups 25.682 45 .571
Total 194.391 49

Cell type III width Between Groups 379.797 4 94.949 233.801 .00
Within Groups 18.275 45 .406
Total 398.072 49

Cell type III length Between Groups 127.455 4 31.864 69.235 .00
Within Groups 20.710 45 .460
Total 148.615 49



Post Hoc Tests
Homogeneous Subsets

Lapsing times
Duncan: Uses harmonic Mean sample size = 10.00

Subset for a pha= 0.05
Species N 1 2
A. andreniformis 10 16.500
A. cerana 10 23.100
A. dorsata 10 25 400
A. florea 10 30.600
A. mellifera 10 552.00
Sig- .633 1.00

Means for groups in homogeneous subsets are displayed.

Gland width

Duncan: Uses harmonic Mean sample size = 10.00
Subset for alpha = 0.05

Species N 1 2 3 4 5
A . andreniformis 10 182.400
A. florea 10 225.200
A. cerana 10 422.800
A. mellifera 10 514.00
A. dorasata 10 553.600

________________________ 1.00 1.00 1.00 1.00 1.00

Means for groups in homogeneous subsets are displayed.

Gland length

Duncan: Uses harmonic Mean sample size = 10.00
_________________________________ _________Subset for alpha = 0.05
Species N 1 2 3 4 5
A. andreniformis 10 217.200
A. florea 10 341.100
A. cerana 10 512.100
A. mellifera 10 607.200
A. dorasata 10 644.500

A _______________ 1.00 1.00 1.00 1.00 1.00

Means for groups in homogeneous subsets are displayed.



Cell type I width

Duncan: Uses harmonic Mean sample size = 10.00
Subset for alpha = 0.05

Species N 1 2 3 4
A. andreniformis 10 2.5400
A. florea 10 2 7600
A. cerana 10 4.2600
A. mellifera 10 4.5200
A. dorasata 10 4.9700
Sig:_______________ .053 1.00 1.00 1.00

Means for groups in homogeneous subsets are displayed.

Cell type I length

Duncan: Uses harmonic Mean sample size = 10.00
Subset for alpha = 0.05

Species N 1 2 3 4 5
A. andreniformis 10 3.3300
A. florea 10 3.6300
A. cerana 10 4.5600
A. mellifera 10 5.1800
A. dorasata 10 5.9600

_Si£_______________ 1.00 1.00 1.00 1.00 1.00

Means for groups in homogeneous subsets are displayed.

Cell type n width

Duncan: Uses harmonic Mean sample size = 10.00
Subset for alpha = 0.05

Species N 1 2 3 4
A. andreniformis 10 13.9500
A. florea 10 14.1900
A. cerana 10 16.6600
A. mellifera 10 17.5800
A. dorasata 10 21.4100

-Sifc_______________ .429 1.00 1.00 1.00

Means for groups in homogeneous subsets are displayed



Cell type n  length

Duncan: Uses harmonic Mean sample size = 10.00
Subset for alpha -  0,05

Species N 1 2 3 4
A. andreniformis 10 16.9900
A. florea 10 18.1800
A. cerana 10 18.7300
A. mellifera 10 19.800
A. dorasata 10 22.4200
Sis. 1.00 .111 1.00 1.00

Means for groups in homogeneous subsets are displayed

Cell type in width

Duncan: Uses harmonic Mean sample size = 10.00
Subset for alpha : 0.05

Species N 1 2 3 4
A. andreniformis 10 12.9300
A. florea 10 14.200
A. cerana 10 16.4700
A. mellifera 10 16.7400
A. dorasata 10 20.9900

_Si&_______________ 1.00 1.00 .349 1 00

Means for groups in homogeneous subsets are displayed

Cell type in length

Duncan: Uses harmonic Mean sample size = 10.00
Subset for alpha = 0.05

Species N 1 2 3 4
A. andreniformis 10 16.8800
A. florea 10 17.9300
A. cerana 10 18.0400
A. mellifera 10 18.7900
A. dorasata 10 21.6000
Sig. 1.00 .719 1.00 1.00

Means for groups in homogeneous subsets are displayed



APPENDIX II



Preparation of electron microscopy solutions

1. 2%osmium solution
Osmium tetroxide 1.00 gm.
Fixing buffer

2. Karnowsky fixative 
Paraformal dehyde 
Distilled water 
Glutaral dehyde 
Fixing buffer

3. Fixing buffer 0.27 M .
Standard solution A 
Distilled water
Adjust pH to 7.4 with a few drop o f HCL 0.1 N.

4. Standard solution A
Na-Cacodylate 5.71 gm.
Distilled water 100.00 ml.

5. 0.1 N  Hydrochloric acid ( 0.1 N HCLf
Concentrated hydrochloric acid 8.00 ml.
Distilled water 1000.00 ml.

6. Standard solution B
Na-Cacodylate 2.14 gm.
Distilled water 100.00 ml.

7. W ashing buffer 0 .1M .
Standard solution B 25.00 ml.
Distilled water 73.00 ml
Adjust the pH to 7.4 with a few drops o f 0.1 N  HCL solution.

8. 0.5% Uranvl acetate solution
Uranyl acetate 0.50 gm.
Distilled water 100 00 ml.

9. 1% Phosphotungstic acid solution
Phosphotungstic acid 1.00 gm.
Distilled water 100 00 ml.

10 Lead citrate solution
Lead nitrate 1.33 gm.
Sodium citrate 1.76 gm.
Distilled water 50.00 ml.
Sodium hydroxide (IN ) 8.00 ml.

50.00 ml.

2.00 gm.
25.00 ml.
1000 ml.
15.00 ml.

25.00 ml.
72 00 ml



Eoon-812 stock solution
M ixture A: Epon-812 62.00 ml.
DDSA (Dodecenyl succinic anhydride) 100.00 ml.

M ixture B: Epon-812 100.00 ml.
M NA (Nadic methyl anhydride) 89.00 ml.

Eoon-812 working solutions
M ixture A 80.00 ml.
Mixture B 10.00 ml.
DMP-30 (2,4,6 tridimethyl aminomethyl phenol) 1.50 ml.
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Library search 1: Standard library of mass spectrum

108V.

I 1' I"' •|I"I f •1 I I I 1 I •ฯ, y  ๆ  'I'" ๆ  r I' Y r I r P I * I I ■|,'i‘"r ■ๆ 'ๆ*■ เ |-|-| I Y 'I I 'I I'I I"! I1 I I
100Vi 1 - B u t a n o l  , 3 - n e t h y l - ,  a c e t a t e  $ $  I s o p e n t y  1 a l c o h o l ,  a c e  CAS 1 2 3 - 9 2 - 2  *

1 . 4 ,  1......,1. J___ J,I 1 I '  ๆ ' I ' I 1 I '■ I 1 I 1 I I 1 I - I 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 Y' I 1 I 1 I 1 I 1 I 1
l B B x  1 - B u t a n o l ,  3 - n e t h y l - ,  a c e t a t e  $ $  I s o p e n t y 1 a l c o h o l ,  a c e  CAS 1 2 3 - 9 2 - 2

T'1 1 - 1 ' I น 1,1 ■ ■ I I I I I I • I - I > I • I ‘ I • I ' I > I < I > I I I ' I I I I I > I ■ ' I I I
100'^ 1 - B u t a n o l ,  3 - n e t h y l - ,  a c e t a t e  $ $  I s o p e n t y l  a l c o h o l ,  a c e  CAS 1 2 3 - 9 2 - 2

ท  เ ฯ I •1.- .- .1* I 1 I • I * I • I I ‘ I ' I ‘ 1 ‘ I 1 "I 1 I 1 I 1 I 1 I 1 t"'1"!' 1 I '"T 1 I 1 I 1 II 1
10 6 0  8 0  100  120  1 4 0  160  180 2 0 0  2 2 0  2 4 0  2 6 0  280  I 3 0 0

Form* l a  C 7 .H 1 4 .0 2 Rank 1 In d ex  1 0 9 8 2 7
M olU eirrht : 130  S e a r c h  ะ Acer L o c a l N o r n : On p :7 4 5  F :8 4 5  R CAS# 1 2 3 - 9 2 - 2

Library search  2: 
“100-/. ■

100V.
...1. เ|เ..|...|.ฯ1■.1...!-1..แ..1. .,...1..■ 1 ■1..!!... 1..1...1...1 -,-r-pr- 

D ib u t y l  p h t h a l a t e  $ $  1 , 2 -
,1...j...,...เ..1— 1, 1 1 1 . 1 1 1 1 1 1 1 1 1 1 j ; 1 1 1 1 1 1 1 i 1 1 1 ■ 1 • 1 •

B e n z e n e d ic a r b o x y 1 i c  a c i d ,  d ib u  CAS 8 4 - 7 4 - 2 *

100V
1 p  |"l“ | 1' 1 r  1 1 r1! [ T M |'"| |-r 1 ' 

D ib u t y l  p h t h a l a t e  $ $  1 ,2 -

^ ' i LTVl"| 1' 1 V'l 1 | - เ 1 1 'i 1 1 |“ 1 |-r 1-r

1 ' โ ■ I « ■ 1 ' 1 1 1 ‘ 1 * 1 k| 1 1 1 ' 1 1 i 1 ท - ท  1 1 ' 1 1 1 ' 1 ' 1 '
B e r e z e n e d ic a r b o x y 1 i c  a c i d ,  d ib u  CAS 8 4 - 7 4 - 2

-

100V D ib u t y l  p h t h a l a t e  $ $  1 ,2 -
] 1 f '■ 1 >"| I 1 1 1 • 1 1 1 ■' 1 ■' I'"1 1 1 1 1 1 1 1 1 1 ' 1 ' 1 1 1 ' 1 ' 1 ' 
-B e T tz e n e d ic a r b o x y 1 i c  a c i d ,  d ib u  CAS 8 4 —7 4 —2 -

f p  l“|U| *■ l"n  1 1 *> 1 เ1 1 1 f  1 1 1 ! 1 
4 0  6 0  8 0  1 0 0  1 2 0  140

! I 1 r 1 I 1 I 1 I 1 n  1 1 1 1 1 1 1 ' 1 ‘ 1 1 1 1 1 1 1 1 1 1 1 ' 1 ' 1 1 
1 6 0  1 8 0  2 0 0  2 2 0  2 4 0  2 6 0  2 8 0  3 0 0  3 2 0  3 4 0

Formula C16.H22.04 ____  _ Rank 1 Index 123485MolUeight:278 SearchะAcq LocalNornlOn___p:902 F:981 Rîtinui CAS# 84-74-2



Library search 3:
1ÜÜX•j

3
า3J

100/
'f ' T 1' T~n~n~r T~t r i"T ' ๅ'-‘- r ••ท  '

CAS 1 1 2 - 9 5 - 8  *

F orm ula  C 20 .H 42  _____  Rank 1 I n d e x  1 1 2 3 4 3
M o lU e ig h t ะ2 8 2  S e a r c h  ะ Acq L oca lN orm  ะOn p :6 4 1  F ะÎะ!ÆKR :646  CAS# 1 1 2 - 9 5 - 8

Library search  4: 
100/

r n ^ < V M i T H ~ fT r T ^ T n r H ~ rT TT T TT T rr n  1 "V"'1 ' f r T T~pr r r l ' T '  I T•ไ- 1'T ‘

]

t พ ^ U 1 1 น \  > r 1 •1 'ไ ■ T1 1 -~I 1 r 1 1 1 r 1 1 1 1 1 1 1 1 1 r 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 0 0 /  1—D o c o s a n o l  $ $  B e h e n ic  a l c o h o l  $ $  B e h e n y l a l c o h o l  $$  Do CAS 6 6 1 - 1 9 - 8

า
น

LiT - r n - ' T 1 ï“' I '“‘I ' P  i ‘i'11 11 ; i"‘ I ;‘ 1 1 p n " ‘‘ 1 1 1 1 1 1 1 *"1 1 1 ' T 1 1 1 ' 1 1 ' 1 1 1 1 1 1 1 1
1 0 0 /  1—D o c o s a n o l  $ $  B e h e n ic  a l c o h o l  $ $  B e h e n y l a l c o h o l  $ $  Do CAS 6 6 1 - 1 9 —8

J ___ I เ พเ .II. .),

V 0  1 6 0  8 0  1 1 0 0  120  1 1 40  1 6 0  1 8 0 ' 2 0 0  1 2 2 0  1 2 4 0  1 2 6 0  1 2 8 0  1 3 0 0  1 3 2 0  1 3^ 0
Formula C20.H42.O Rank 4 Index 109474
MolUeight :298 Search ะAcq LocalNor™ :0n p:668 F:941 R ะ' i V CAS# 629-96-9



Library search 5:

Comment ะ 
100X

I" I 'T "I1,11 r'-p " r f  -I'111 p l“ X"! 'Y*‘I“Jr41'11“JrY li-"'i'1*1 r1 “-E"|""I" ’‘['■■‘f I.....|""|""I" '|"‘T "|""I“"I"' “T ‘I' ■ - 1 —j'—i— -|
r:L

เ ^ 1 Jl 1น “|—1' TV 1 —1 1 “‘I ■ 1—1 * 1 1 I1 1—1—1--- 1 1 1—ท  1 1—1—1 1 ‘ 1 1 1—1 1 1 1 1—ท—
100X 1 - O c t a d e c e n e  $ $  .a lp h a . - O c t a d e c e n e  $ $  O c t a d e c y le n e  . a l p  CAS 1 1 2 -8 8 -9

l L i 1 *■ I ' Ï 1 f 1 1 'I1,1 11 1 1 i 1 1 1 1 1 1 1— 1 1 1 1 1 1 , 1 -1--, *...1—1. 1-. 1—,— ,' 1 1 1
100X l - D o c o s e n e  $ $ c * '  1=99^ 3 1

ulLjP  I“n  ''"I"1 T ' I ' I 11 ‘ I 'I1,1 ' I 111"' I *■  I ‘ 11 I 1 1 I 1 1 11 I น 1 1 ' I 1 I 1 1 11|
140 6 0  8 0  100 1 2 0  1 40  1 6 0  180 200  2 2 0  2 4 0  2 6 0  2 8 0  3 00

F orm u la  C 2 0 .H 4 2 .O  _____  Ranh 1 In d e x  1 0 9 4 7 4
ห๐ lU e ig h t : 2 9 8  S e a r c h  ะ Acq L o ca lN o rn :O n  P :S 4 0  F : J ^ S g R : 5 7 3  CAStt 6 2 9 - 9 6 - 9

Library search  6:
100X

; 1.. l|lll,.■1,.II ll.|- |'lll l'-ๆ■'ๆ l'll|■•ๆM Y r f  T |>I1I-|- -r-,-I--|-| ■■ 1-'I--1-!-1"-1-!■-r -p“ |- ■ ■‘•ท - |“r-y-i -p --rL|Y '
100X l - E i c o s a n o l  $ $  ฑ- E i c o s a n o l  $$  ท- l —E ic o s a n o 1 $ $  A r a c h ic  CAS 6 2 9 - 9 6 - 9  *

;

1 4 น v l น พ !’| 1 *'!'■ 1 1 dj-T -p-r1“1 1 |‘ 1 1 1 1 1 1 1 1 1 1 1 1 I’ 1 1 1 |-| 1 1 ï - r p
100X l - O c t a d e c a n o l  $ $  n - O c t a d e c a n o l  $ $  n - O c t a d e c y l  a l c o h o l  $  CAS 1 1 2 - 9 2 - 5

Formula C20.H42.O Ranh 1 Index 109474Mol Weight: 298 Search ะ Acq Local Norm: On p:730 F:965 CAS# 629-96-9



Library search  7: 
1 B B y .

I

น ท 1rA ฯ น L i..I jllll■ .■ .1...เแแ. 1๗-,. ..เแ-เ....1... .IL - ,-y ,v ■■1.■ ■ ■1...,1—,.—■̂ ,■ ■ ■ ■ 1.■ .■ 1— 1-  f  -1--T -■ 1- 1 - r p T r . - 1- 1. 1. .  r - l - T - n ^

100X  H e n e ic o s a n e  $ $  n—H ene i  c o s a n e  $ $  CAS 6 2 9 - 9 4 - 7  -*

100X

ไ 1 H  I n  1 “'I 1 |J|“ I '““V ' A  I |JI 1 111 1 1 r '"I ' f 1 I ' 1" 1 1 r 1 I ,เ I 1 "I 1 r 1 I 1 I 1 I 1 1 ' I  
100X  N o n a d e c a n e  $ $  n -K o n a d e c a n e  $ $  CAS 6 2 9 - 9 2 - 5

1 -Il 1 ๗11

โ

1 ‘‘̂ ) ‘''เ^1 1 1,11 1 f 1 1 า 1 1 "i ' 1 ‘1 1 r  1 1 1 ' 1 1 1 1 1 ' 1 1 1 1 ' 1 1 1 1 1 1 11 1 1 1 1 1 1140 6 0  8 0  100 1 2 0  1 4 0  160 1 80  2 00  2 2 0  2 4 0  2 6 0  2 8 0  3 8 0
F o rm u la  C 21 .H 44  _______ _________ Rank 2  In d e x  17 09 4
Mo lU e  i g h t  :2 9 6  S earch ^ A cq  L oca lN orm lO n  p r 7 7 5  F :9 4 8  R r£ I 'J  CAS# 6 2 9 —9 4 —7

1 1 1 .Il

โ

1 1̂ 1 1 Î 'I 1 IJ 1 1 ( น , 1 1 "I 1 r i"i'r  1 1 r 1 1 1 1 1 1 1 I 1 1 1 1 1 r  1 r i1 1 1 1 1 1 ' ï ‘ 1
H e r e ic o s a n e  $ $  n - H e n e ic o s a n e  $ $  .  CAS 6 2 9 - 9 4 - 7

Library search  8: 

100X

- r 4 .—J I— J «..,.-1»แเ
180X

1 1 
H

' 1 1 
s n e i

J

1 1 1 
c o s a

.1 . -Il

n e  $

. 1 1 .fl

1 1 1 . 1 1 1 11 . 1 1 r ; 1 1 1 1 1 11 1 1. i 1 11 1 1 11 1 , 1 1 1 1 1 11 1 1 
$  n - H e n e ic o s a n e  $$ CAS 6 2 9 - 9 4 - 7  *

100X i ' 1 1 
วฑad

น *

1 1 1 
e c a n

L._ _ _ _ _ -■ ๗ ๗il

e  $$ 

, -Il

1 . 1 1 I 1 1 1 ' 1 ' 1 • 1 I 1 I 1 ' 1 I 1 1 r I 1 ■' 1 1 "1 I 1 ■ 1 1 • 1 1 1 1 1 r 1 

n -N o n a d e c a n e  $$  CAS 6 2 9 - 9 2 - 5

1 l'I III. 1!! ,1 .1 . . . . .
100X

1 1 
N

1

' 1 * 
วฑad

1 1 1 
e c a n

1

e

L__ il

1 . 1 1 ' 1 1 1 I 1 I 1 1 1 ■ 1 ' 1 I 1 ' 1 ' r 1 1 1 1 1 1 1 1 1 i ' 1 I 1 I 1 I 1 

n -H o n a d e c a n e  $$ CAS 6 2 9 - 9 2 - 5

1 1 ‘ 1 1 ■ 1 ' 1 ท - ก  1 ' 1 f ' 1 1 1 ‘ 1 1 1 1 1 n * '  I -T H " 1 1 1 r T'l 1 1 'ฯ ^ - ๅ - ท - ^ เ140 6 0  8 0  100  1 2 0  140  160 1 8 0  2 0 0  2 2 0  2 4 0  2 6 0  2 8 0  3 0 0
Formula C21.H44 Rank 1 Index 17094MolUeight:296 Search:Acq LocalNom:On P:742 F:947 R ะ CAS# 629-94-7



Library search 9:
Comment ะ
1 m y .

l l l J l
• M [■ .■ ■ ■ ■ ■ .■1!!!!1.......,|lil.1..■ ■ 1. . , ........ .................. ...— r - I - r - f r - n ~r ท - » - n i"'n'"T"l'""f"1' H " " H "  r - r - i -  I " r

100X  H e n e ic o s a n e  $ $  n —H e n e ic o s a n e  $ $  CAS 6 2 9 —9 4 —7  *

“ โ 1 I 1 I H  ' T 1 1,1น I '^1 - เ^1 I 'd I 1 f 1 I 1 I 1 " l 1 r  ' I r  I ‘ r 1 I 1 I ‘ " l ' I ' j - r - | - i - [ - r  | - | - |  
100X H e n e ic o s a n e  $ $  n - B e n e ic o s a n e  $ $  CAS 6 2 9 - 9 4 - 7

“I 1 1 * 1 1 1 ' T ‘ r'11r ' ^ 1 ; เ^1 1 '^ I 1 1*"1”'! 11 1 1 "11 r 1 1 1 1 r 1 11 1 1 "11 I■ ' i 1 1 1 I 1 1 |UI
100X N o n a d e ca n e  $ $  n -N o n a d e c a n e  $ $  CAS 6 2 9 - 9 2 —5

___L 11 „l| 1 ,111 .III ท! J  แ น . . . . .1 i 140 60 8 '0
1 1 1 ' 1 1 1 r  1 1 1 ■ 1 1 1 , ,  . 1 -, 1 . 1 , 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

1 00  1 2 0  140  168 1 8 0  2 0 0  2 2 0  2 4 0  2 6 0  2 8 0  3^ 0
F o rm u la  C 21 .H 44  Rank 2  I n d e x  1 7 0 9 4
H o lU e ig h t : 2 9 6  S e a r c h :A c q  L oca lN orm lO n  p : 7 7 5  F :9 4 8  R :rE FS CAS# 6 2 9 - 9 4 - 7

Library search  10: 
100X

-

L a v J l - r ^ l พ 11 . llll|— ....J l ..j[lt. — 1. ฟแ- 1—..นเ}......■ ■ .■ ■ ..-1—p . f ........ 1...1....—  - 1..-■ ..1..■ 1— . —. .. ...■ .1............, . 111.. 1— ,— . - 1- - ! - .

100X H e n e ic o s a n e  $ $  n - B e n e ic o s a n e  $ $  CAS 6 2 9 - 9 4 —7  *

■ I 1 I n  ' T '  r ' ' 1T H  1 i^1 I |J i 1 f ' I 1 I "i 1 i ' 1 I ' T 1 ■ท 1 1 I 1 "I ' I I 1 I I "I" I r" i“ p
100X N o n a d e ca n e  $ $  Y--N o n a d eca n e  $ $  CAS 6 2 9 - 9 2 - 5

I 1 I ' I '* I ‘ “l ■ A  I ' I  1 î "1 i ■ p  I '"I ' I '  I 1T"1 ๅ 1 I 1 I ' "I 1 I 1 T 1 l '
100X H e p ta d e c a n e  $ $  ท-H e p ta d e c a n e  ร $  Norma l - h e p t a d e c a n e  $ $  CAS 6 2 9 - 7 8 —7

1 1__J I Jl
;

I 1 1 1 ' 1 ' i 140 60 8'0 1 ' ]  1 i 1 1 r'1 ‘ r 1 1 1 1 ‘ f ‘ 1 '■ 1 ' r ' 1 1 1 1 1 1 1 <"J— ' M 1 ' J—' 1 100 120 140 160 180 200 220 240 260 288 380
Formula C21.H44 Rank 1 Index 17094
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APPENDIX IV



Table 7.12 Retention times o f peak #7 o f the mandibular gland extraction o f Apis
andreniformis foragers.

No. o f  injections Ret Time o f 
2-Heptanone (min)

Ret Time o f  ท- 
octyl ecetate (min.)

Relative Ret Time 
o f  2-H/ n-octyl acetate

1 6.007 12907 0.466
2 6.009 12921 0.466
3 6.010 12909 0.466
4 6.013 12897 0.465
5 6.014 12913 0.467

X  + S E 6.010±0.002 12909.40±7.80 0.466±001

Table 7.13 Retention times o f  peak #6 o f  the mandibular gland extraction o f  A  cerana 
foragers.

No. o f  injections Ret Time o f 
2-Heptanone (min)

Ret Time o f  ท- 
octyl ecetate (min.)

Relative Ret Time 
o f  2-H/ n-octyl acetate

1 6.036 12892 0.468
2 6.032 12901 0.467
3 6.035 12896 0.468
4 6.039 12889 0.468
5 6.037 12883 0.468

X ± S E 6.03610.002 12892.2016.112 0 .4 6810 .0004

Table 7.14 Retention times o f  peak #8 o f  the mandibular gland extraction o f  A. dorsata 
foragers.

No. o f  injections Ret Time o f  
2-Heptanone (min)

Ret Time o f  ท- 
octyl ecetate (min.)

Relative Ret Time 
o f 2-H/ n-octyl acetate

1 6โ073 13010 0.466
2 6.075 13003 0.467
3 6.071 13015 0.466
4 6.070 13017 0.466
5 6.074 13006 0.467

X ± S E 6.07310.0018 13010.2015.268 0.466+0.005

Table 7.15 Retention times o f  peak #5 o f  the mandibular gland extraction o f  A. mellifera 
foragers.

No. o f  injections Ret Time o f  
2-Heptanone (min)

Ret Time o f  ท- 
octyl ecetate (min.)

Relative Ret Time 
o f  2-H/ n-octyl acetate

1 5.862 12514 0.468
2 5.871 12517 0.468
3 5.861 12520 0.468
4 5.860 12511 0.468
5 5.858 12509 0.467

X  ± S E 5.86210.005 12514.2013.969 0.46810.0004



Table 7.16 Peak area o f 1.0E-003 ml/ml o f  2-heptanone in n-hexane and n-octyl acetate
N o. o f  injections Peak area o f 

2-Heptanone
Peak area o f  ท- 

octyl ecetate
Relative peak area 

o f  2-H/ n-octyl acetate
1 8940 128277 0.069
2 8941 128270 0.069
3 8936 128284 0.069
4 8942 128276 0.068
5 8939 128280 0.069

X  + S E 8939.8+2.31 128277.3± 4.53 0.069+0.0005

Table 7.17 Peak area o f  1.5E-003 ml/ml o f  2-heptanone in n-hexane and n-octyl acetate

No. o f injections Peak area o f  
2-Heptanone

Peak area o f  ท- 
octyl ecetate

Relative peak area 
o f  2-H/ n-octyl acetate

1 13622 128319 0.106
2 13616 128290 0.106
3 13627 128329 0.106
4 13631 128333 0.106
5 13618 128320 0.106

X ± S E 13622.8+5.556 128318.20+15.065 0.106±0.00

Table 7.18 Peak area o f  2.0E-003 ml/ml o f  2-heptanone in n-hexane and n-octyl acetate

No. o f injections Peak area o f 
2-Heptanone

Peak area o f  ท- 
octyl ecetate

Relative peak area 
o f  2-H/ n-octyl acetate

1 17957 128263 0.140
2 17950 128267 0.139
3 17963 128259 0.140
4 17970 128268 0.140
5 17948 128257 0.140

X ± S E 17957.20+7.05 128262.8+4.308 0.1398+0.0005

Table 7.19 Peak area o f 3.0E-003 ml/ml o f  2-heptanone in n-hexane and n-octyl acetate

No. o f injections Peak area o f 
2-Heptanone

Peak area o f ท- 
octyl ecetate

Relative peak area 
o f  2-H/ n-octyl acetate

1 25536 128271 0.195
2 25541 128276 0.195
3 25545 128273 0.195
4 25529 128287 0.194
5 25541 128279 0.195

X ± S E 25538.4±5A\% 128277.2+5.60 0.195+0.0004



Table 7.20 Peak areas o f 4.0E-003 ml/ml o f  2-heptanone in n-hexane and n-octyl acetate
N o. o f  injections Peak area o f  

2-Heptanone
Peak area o f  ท- 

octyl ecetate
Relative peak area 

o f  2-H/  n-octyl acetate
1 36050 129297 0.279
2 36073 129290 0.279
3 36087 129311 0.279
4 36093 129300 0.279
5 36058 129252 0.278

X  ± S E 36072.4±16.24 129290120.169 0.27910.0004

Table 7.21 Peak area o f  o f  peak #7 o f  the mandibular gland extraction ofÆ  
andreniformis foragers and n-octyl acetate.

No. o f  injections Peak area o f 
2-Heptanone

Peak area o f  ท- 
octyl ecetate

Relative peak area 
o f  2-H/ n-octyl acetate

1 550 122724 0.005
2 558 122718 0.005
3 543 122729 0.004
4 546 122735 0.004
5 553 122716 0.005

X ± S E 550.215.114 122724.416 .97 0.004610.0005

Table 7.22 Peak area o f  o f  peak #6 o f  the mandibular gland extraction o f  A. cerana 
foragers and n-octyl acetate.

N o. o f  injections Peak area o f 
2-Heptanone

H o q V  n r o o  r \ - Ç  ท _ X v e in ,  a i v u  v /x  i i
octyl ecetate

r v v i a l i v v  p v a i v  d i v a
o f  2-H/ n-octyl acetate

1 3049 122705 0.025
2 3034 122717 0.024
3 3054 122703 0025
4 3051 122701 0.025
5 3059 122700 0.025

X + S E 3049.418.40 12270516.144 0.02510.0004

Table 7.23 Peak area o f  o f  peak #8 o f  the mandibular gland extraction o f  A. 
andreniformis foragers and n-octyl acetate.

N o. o f  injections Peak area o f 
2-Heptanone

Peak area o f  ท- 
octyl ecetate

Relative peak area 
o f  2-H/ n-octyl acetate

1 1080 120437 0.009
2 989 120498 0.008
3 1095 120420 0.009
4 1052 120414 0.009
5 1185 120418 0.009

X ± S E 1080.2163.24 120437.4131.30 0.00910.0004



Table 7.24 Peak area o f o f peak #5 o f the mandibular gland extraction o f A. mellifera
foragers and n-octyl acetate.

No. o f  injections Peak area o f 
2-Heptanone

Peak area o f  ท- 
octyl ecetate

Relative peak area 
o f  2-H/ n-octyl acetate

1 14947 116857 0.128
2 14951 116890 0.128
3 14986 116846 0.128
4 14935 116889 0.128
5 14920 116801 0.128

X  ± S E 14946.8±20.22 118856.6±32.769 0.128.0 ±0.00
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