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APPENDIX A

PROXIMATE ANALYSIS (AOAC, 1995)

1. Protein analysis

1.1 Apparatus
- Kjeldahl flask
- Gerhardt Kjeldahl di
- Gerhardt vapodast
1.2 Reagent

- 50% NaOH

- 4% Boric acid
- Anhydrous sodium carbe

o

- Bromocresol green®

- Methyl red Al
giii:hﬂuﬂq 1] Em'ﬁw e1N7

QRIFINIUNNING1A Y

- Catalysts (7 g K804 + 0.8 g CuSO,.5H,0)

- Distilled water

88
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1.3 Determination
1.3.1 Reagent preparation
- Sodiumhydroxide solution: 400 g of NaOH were dissolved in water and diluted

to 1,000 ml

- Methyl red solution; ediwa \\‘ 100 ml of ethanol
- Mixed indicator iofi: 0.1 ¢ of Brom \ ¥ -f; and Methyl red was
dissolved in 100 ml of ethan Y | » .

- Boric acid solution: cid was ¢ ved in approximately 6 L of
distilled water then boil on hot plates &watled till etely dissolving. The solution was

- - . . -
adjusted to 9 L with hot distilled watér-The so allowed to cool to the room

fand 70 ml of methyl red

-
temperature. Then the 1007mi of Bromoer

solution were added respecEely. The solution was added to 1@. with distilled water and
swirl to mix. Twenty,fiye ﬁﬁﬂnagj ﬂ,?’w i ;T(ﬁ. %sk and then added
|
with 100 ml of dis ua r. The solution was titrateﬁith .1 mol/l NaOH until the
¢ o o/
“r TR WIRNTT IR AN TINBTRE -~

criteria following;

ml of 1 mol/l NaOH = ml of mol/l NaOH
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The amount of 1 mol/l NaOH was added into Boric acid solution and swirled

well.
- Hydrochloric acid, 0.1 mol/l HCI, standardized

Eight point two ml of conc.HCl was pipetted and diluted with distilled water to

' ,y ded, dried at 265 °C for 1 hr or at

 and the 20 ml of distilled

1,000 ml

Standardized: 5 g of anhydr
200 °C for 2 hrs and allowed to

Point thirteen g of
water was added. Five drops n titrated with hydrochloric
acid solution until color cila HCl (Al) was recorded.
The flask was removed into 2-3 minutes. The flask was
cooled to the room tempera \ & solution was titrated with
hydrochloric acid until the col ne amount of used HCI (A2) was

recorded. Calculate for concentratie he following equation.

Z

HCI mol/l = 2000 x%ctlv — 0 m

(Al+ ‘) x MW ofN32CO3

ﬂumwamwmm

1.3.2 Analysxyof protein

Al orb G S TNL AR Hecyr

the 10-15 ml of conc.H,SO, were added respectively. The digestion tube was transferred

to the Kjeldahltherm at 420 °C until the solution was cleared then removed from the

digester and allowed to cool. A flask containing 25 ml of 4% Boric acid and the digestion
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tube were transferred into a distillator (Vapodest 1). The solution was titrated with
standardized HCI until the solution turned to pink.

1.4 Calculation
Let

f=6.25 for general factor

Then

%N = 14.001x[HCl]x(voliieof HC] with sampte=¥olume of HCI with blank)x100

% Protein=% N x f
2. Fat analysis

2.1 Apparatus
- Soxtherm automatic 8-11,
- Desiccator
2.2 Determination -

The extraction beaker gvas dried in hot air oven preheating 100 °C for 1-2 hrs.

e s oo SRR AT e

repeated until the resﬂts of two successivg welghnngs did not dlﬂ’err by more than 1 mg.
The least ) Gt Al VK oo b sl gk weighed
for approxim:lltely 2 g, wraped in a filter paper Whatman no. 1 and placed in a thimble. In
the extraction beaker, the thimble was placed and 75 ml of petroleum ether was added.
The extraction beaker was then connected with the soxtherm automatic. Switched the

machine on and extract for 6 hrs. The thimble was removed from the extraction beaker
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and the petroleum ether was evaporated to dryness at 120 °C for 1 hr. The beaker was
cooled in the desiccator and weighed (Y)

2.3 Calculation
Let

W = Weight (g) of dried sample

Then 7 .
Total fat (%) = 100 |

3. Ash analysis

3.1 Apparatus

- Porcelain crucib r

r**f*fw ’ Y]
- Furnace (Carbo 6/1168, Bandford, Sheffield, -

-DeswcatoﬂuEJ’J 1’] E]ﬂjw E]ﬁlﬂi

32@%’43\3]‘]%“ UNIINYA Y

A porcelam crucible was placed into the temperature-controlled furnace,
preheated to 600 + 20 °C for 1 hour then transferred directly to desiccator for cooling and
weighed immediately. The crucible was re-ignited for 30 minutes; cool into the

desiccator and weighed (W). This process was repeated until the results of two successive
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weightings did not differ by more than 1 mg. Five grams (W1) of sample was added into
the crucible. Then it was placed on the hot plate under a fume-hood and slowly increased
the temperature until the smoking ceased. The crucible was placed inside the furnace at
600 + 20 °C for 2-3 hours till the sample became thoroughly ash. Then the crucible was

removed from the desiccator to cool and wei

3.3 Calculation
Let
W = Weight (g) of po
W1 = Weight (g) of sau
W2 = Weight (g) of cru€
Then

Ash (%) = 100 (W2-W
Wi

4. Fiber analysis __}

T
)
4.1 Apparatus

D G AT T

- Filtration ap%lcu'atus filter paper ng.1 and no. 42

o el bdomiabh] INYAY

- Desnccator

- Oven

- Furnace (Carbolite, model EML 11/2 serial no. 11/86/1468, Bandford, Sheffield,

England)
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4.2 Determination
Two point five of dried samples were transferred into a 600 ml beaker. Two
hundred ml of boiling 0.225 N sulfuric acid were added into the beaker and then placed

on a digestion apparatus, allowed to heat till 30 minutes. The solution was then filtered

through a filter paper no.l using suction and then washed with the hot water
(approximately 200 ml) until acid-free. | ﬁr containing all insoluble matter
i NaOH was added into the
beaker and then the beaker was pla€cg tus heated till 30 minutes.
The solution was once filtraied throus f using suction and then
washed with hot water (appséxiniatgly’ L? 1 o . The paper was washed
with 10 ml 95% ethanol and gheu re ot 1072 cible and dried for 2 hrs in oven at
105-110 °C. The crucible was gooled in A@ : eigh aﬁd re-dried for 30 minutes
until the results of two successive s di ore than 1 mg. The least weight

(W1) was recorded. The_crucib ignited in the furnace 30

minute at 600 + 15 °C, cgoled in the desiccator an lic krucible was re-ignited

30 minutes until the resultsm two successive weighing did nommore than 1 mg. The least

we,gmw»wawpmmwamwmﬂ‘a‘

4.3 Calculatien
« ARIANNTNUMNINYINY
W ‘l’Velght (g) of sample
W1 = Weight (g) of crucible and insoluble matter
W2 = Weight (g) of crucible and ash

Then
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% Crude fiber = 100 (W1- W2- filter paper weight)

w

5. Moisture content analysis
5.1 Apparatus

- Hot air oven

- Desiccator
- Porcelain crucible
5.2 Determination
Porcelain crucible
desiccator and weighed (Wd). : - (W) w veighed in the crucible.
The crucible was then drie

desiccator and weighed (W2).

5.3 Calculation
Let

W = Weight (g) h’ i

WI1 = Weight (g) o ’ c1ble and sample

v B Efﬁﬁ'”ﬂ g1
Then

»asmam'mmaa



96

APPENDIX B

DAVIDSON'’S FIXATIVE

Davidson’s fixative (Bell and Lightner, 1988) was made as such:

2.220 ml of 100% form: Aqueotis tion of formaldehyde gas, 37-
39% solution) |
3. 115 ml of glacial ac
4.335 ml of distilled

Store at room tempe

AU INENTNEINS
ARIANTANNING 1A Y



APPENDIX C

STATISTICAL ANALYSIS

Table 1C. Analysis of variance of proximate analysis in 4 experimental diets.

97

Source

Mean Square

F Sig.

Protein ~ Between Groups

Within Groups
Total

Lipid Between Groups

Ash Between Groups

Moisture Between Groups

Within Groups
Total

Fiber Between Graoup.
Within Groups.4i

Total

.ll
il |

‘o
El m
Table 2C. Duncan lue an

L

0.281

2.608 0.189

150.494  0.000

2.562 0.193

54722  0.001

2,675 0.183

NENINEANT. o

\n3ai

a

A

A

D

i
Sig.

o NN N

8.0700
8.1750

0.239

8.4450

1.0000

9.5100
1.0000
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Table 3C. Duncan’s new multiple range test of moisture content in 4 experimental diets.

Subset for alpha = .05
Treatments N a b
G 2 6.42
D 2 6.6
B 2 7.665
A 2 8.08
Sig. 0.055

weeks
Source F Sig.
week4 Between Groups 2.640 0.049
Within Groups
Total
‘week8 Between Groups 0.221 0.882
Within Groups
Total
week12  Between Gro 2.886 0.036
Within Groups &2 667742
Total A
,l
L
weekl6  Between Groups 1.672 0.172

;V;zmmﬂ’i’m

ammnimwnﬂmaa
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Table SC. Duncan’s new multiple range test of body weight of M. rosenbergii in the

fourth week.
Subset for alpha = .05
Treatments N a b

A 100 0.270
B 100 0.308 0.308
C 0.329
D 0.338
Sig. 0.284

Table 6C. Duncan’s new

of M. rosenbergii in the

twelfth week.
ai ha = .05
Treatments N b
C i TP
D » - 4.824
B 100 1: 5.328
A 1 T 5.451
Sig. = 86 0.108
- -f‘" J
Table 7C. Analysis of v the twentieth week.
source Sum of!Square: Squ F Sig.
Between Groups 656. 6 218 879 7.307 0.000

ﬂm mﬁmwmm
ammnimumwmaa
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Table 8C. Duncan’s new multiple range test of body weight of M. rosenbergii in the

twentieth week.
Subset for alpha = .05
Treatments N a b
& 239 10.722
D 243 10.964
A 12.101
B 12.699
Sig. 0.220
Table 9C. Analysis of J length of M. rosenbergii in the period of 16
weeks. \\
AN
Source F Sig.
week4  Between Groups 3489 0.016
Within Groups
Total
week8 Between Groups 0.487  0.692
Within Groups
Total L4 221898 395
\Z
week12  Between Group§ L 4517  0.004
Within Groups * 321.634 396
¢ 2332.639
week16 Betwe%vupﬂ ’J nﬂ V] j w ﬂ’lﬂ ‘jl 841 0.139

Within oups 7 448 446" 396 .ﬁ.l 132




Table 10C. Duncan’s new multiple range test of body length of M. rosenbergii in the

fourth week.
Subset for alpha = .05
Treatments N a b

A 100 2.532
B 100 2.637 2.637
C 2.700
D 2.737
Sig. 0.167

Table 11C. Duncan’s new

Nitiple Tran;

pe b

of M. rosenbergii in the

twelfth week. / \
= \‘\\ pia = 03
Treatments Al’ﬁ" F\\\T \ c
C 1. \\\
D 5.698
B L 946 5.946
A 6.071
Sig. 0.052 0327
Table 12C. Analysis of Varg 2 .':# n the twentieth week.
source Sum 0 Squares ( Vlean Squate F Sig.
Between Groups 35. §70 3 11.957 8771 0.000
Within Groups EII'] n i
ol b | am N

ammnmumaﬂmaa
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Table 13C. Duncan’s new multiple range test of body length of M. rosenbergii in the

twentieth week.
Subset for alpha = .05
Treatments N a b

C 239 7.616

D 243 7.745
B 273 7.995
A 255 8.091
Sig. 1 0.354

WAVIEFF ;
_—‘_“f-i
Table 14C. Analysis of variance ofbedy weight efmale and female M. rosenbergii at
the end of the experiment. "6,\ \:\
source Sum o ‘,gffgf / / ﬂ m\»\w‘\\h T F Sig.
Between Groups 823.8 f .693 3.935 0.000

Within Groups 299 2
Total

Table 15C. Duncan’s new mitltiple festiof bod i\ eight of male and female M.

rosenbergii at the end pf the expé

LAY A bset for alpha = .05
Treatments b : b

C, male { 7=
D, male
C, female B 11.309 { 11.309
D,female ¢~ 117 11.541 11.541
waﬁw Talie
g‘a 2243

ARIRINIHUNAN T
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Table 16C. Analysis of variance of body length of male M. rosenbergii at the end of the

experiment.
source Sum of Squares df Mean Square F Sig.
Between Groups 64.636 7 9.234 6.891 0.000
Within Groups 1342.592 1002 1.340
Total 1407.229 1009

Treatments

C, male

D, male 1
C, female

B, male

D, female 7 b

A, male 1
B, female
A, female

Sig.

Table 18C. Analysis of

length of male and female M.

or alpha = .05
) c d

7.823

7.871

7.930

7.958

8.130 8.130
8.272

0.061 0.331

male and female M. rosenbergii at the end of the experiment.

source

g

Between GroupsI ‘lll
Within Groups
Total

5181.927

1001
008

3
o)

ent of the abdomen of

Sig.

-~
—

Sa7

8.052
ol

0.000

1R 8
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Table 19C. Duncan’s new multiple range test of the extension of the first segment of the

abdomen of male and female M. rosenbergii at the end of the experiment.

Subset for alpha = .05
Treatments N a b ! c d
C, male 119 12.429 !
D, male 126 12.760 12.760
B, female 13.166
B, male 13.306
A, male 13.385
D, female 13.408
C, female 14.010
A, female 14.241
Sig, 0. \\\ 0452 0.424

Table 20C. Analysis of vaz e and female of male and

female M. rosenbergii at the

s
Y
| #

source Sum of 8¢ ]Eg’ ﬁ\ qu F Sig.
Between Groups 29.46FF ives _,‘._ 4.209 7.246 0.000
Within Groups 582.039 — 0.581
Total _611.50 N

ﬂ‘lJEl’J‘VIEW]ﬁWEJ’]ﬂ?
ammnmumaﬂmaa
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Table 21C. Duncan’s new multiple range test of Propodus length of male and female of

male and female M. rosenbergii at the end of the experiment.

Subset for alpha = .05

Treatments N a b c
C, female 120 2.254

D, male 126 2.289
D, female

C, male
A, female 2.531
B, female 2.594

B, male 2.671

A, male 2.702

Sig. 0.107

Table 22C. Analysis of vaméincg' of

’ ’\Q ...-.- :
female M. rosenbergii at the ghd of the experin \\\\
worAnr

e and female of male and

source Sum of $6 &m @\“'{h g F Sig.
Between Groups 14. 78 (az 2 6.831 0.000
Within Groups 309.854 100 .309

Total 324.64 : i

ﬂ‘lJEl’J‘VIEW]iWEI’m‘i
wwmnmumqﬂmaa
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Table 23C. Duncan’s new multiple range test of carpus length of male and female of

male and female M. rosenbergii at the end of the experiment.

N Subset for alpha = .05
Treatments a b ¢
D, male 126 1.414
C, male 119 1.441 2
C, female :
D, female ?
A, female 1.627
B, male 1.653
B, female 1.687
A, male 1.765
Sig. 0.073

Table 24C. Analysis of vag@ncg'of ength of male and female of

male and female M. rosenbengii :

source Sum of 8¢ _’ ,y ﬁ\‘ e F Sig.

Between Groups 107.36; ﬁr:_ 5388 12.995 0.000
Within Groups 1182.663 ==H002—= 1.180

Total 1290.030+ = “1009

ﬂ‘lJEl’JVIEW]iWEI’m‘i
wwmnmumqﬂmaa
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Table 25C. Duncan’s new multiple range test of merus and ichium length of male and

female of male and female M. rosenbergii at the end of the experiment.

Subset for alpha = .05
Treatments N a b c
C, female 120 1.921
D, female 117 2.012 2.012
D, male 126 2.190
A, female A b 2.196
C, male Q ™ 3 2245
B, female 0 2248
B, male ‘ - 2.769
A, male 2.863
Sig. 0.497

Table 26C. Analysis of varjanc

female M. rosenbergii at the

\\\ ale and female of male and
a\\

source Sum of $6 M"@f m‘ﬁ € F Sig.
Between Groups 344. 4 b 19214 9.176 0.000
Within Groups 5374.007 “==H002— 9.363

Total 5718.50 |

ﬂ‘IJEI’J"YIEWﬁWEI’mﬁ
ammnmummmaa
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Table 27C. Duncan’s new multiple range test of total claw length of male and female of

male and female M. rosenbergii at the end of the experiment.

Subset for alpha = .05

Treatments N a b C d

C, female 120 5.655
D, female 117 5.881 5.881
D, male
C, male
A, female
B, female
B, male
A, male
Sig.

6.528
7.093

0.054

7.093
7329
0.420

, &
]

AU INENTNEINS
IR TUUMINAE
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Table 28C. Analysis of variance of the growth rate (weight basis) of M. rosenbergii in

the period of 20 weeks.
Sum of Mean

Source Squares df Square F Sig.

week4  Between Groups 8E-06 3 2.66667E-06 0234 0.871
Within Groups 0.000182 16 0.000011375
Total

week8  Between Groups  Z.045E-05 ) 53833E-05 0076 0.972
Within Groups «0.00531¢ 332475
Total ;

weekl2  Between Groups 0470 0.707
Within Groups
Total

weekl6  Between Groups 0.094  0.962
Within Groups 088 e 002422175
Total : ¥
Between ] -

week20  Groups . :'E#r— ; 0.001060933 0614 0.616
Within Group 0.0276664 - 00172915

Total " - V VIOVORTL 4V g

M

A¥

AU INENTNEINS

IR TUNMNING Y



110

Table 29C. Analysis of variance of the growth rate (length basis) of M. rosenbergii in the

period of 20 weeks.
Source Sum of Squares  df = Mean Square F Sig.

week 4 Between Groups 0.015 3 0.005 0.752  0.537
Within Groups 0.109 16 0.007
Total 0.124 19

week 8  Between Groups 030 0.010 1222 0.334
Within Groups ) . : ~0.008
Total

week 12 Between Groups 0917 0455
Within Groups
Total

week 16  Between Grou 0.200  0.895
Within Groups
Total

week 20 Between Groups 1.581 0.233
Within Groups
Total

Table 30C. Chi-square LY

.,I
& D
i ﬂﬁﬁl HW]?WE]‘“IT] £l
o ¥ s

Asymp. Sig. o 015 0497 _0.948

*0 cells (.0%) have
The minimum

®0 cells (. 0%)

The minimum ex;

‘0 cells (.0%) have'expected frequencies less than 5.
The minimum expected cell frequency is 119.5.

‘0 cells (.0%) have expected frequencies less than 5.
The minimum expected cell frequency is 125.5.

TR 3 0 GANINENa Y



“111

Table 31C. Analysis of variance of total weight M. rosenbergii in the period of 20

weeks.
Source Sum of Squares df Mean Square F Sig.
Between Groups 87950.061 3 29316.687 1.281 0315
Within Groups 366124.505 16 22882.782
Total 454074.566 19

Table 32C. Analysis of variance of

weeks.

M. rosenbergii in the period of 20

Source Sum of & ¥ = i3 Sig.
Between Groups 0.140 0935
Within Groups
Total
Table 33C. Analysis of vafiang . puinber ofovigerotis female M. rosenbergii in the
period of 20 weeks. i 7

e
source Sum of § & d6 d"‘ ‘L quare F Sig.
Between Groups 32. 95 — 3= 10.983 4625 0016
Within Groups 38,000 “ESEy \. 375
Total 70.950 #7009 3

e et A
).
he f ovigerous female M.

Table 34C. Duncan’s new

-
rosenbergii in the period QBO weeks. U
‘o __ %/ Subset for alpha = .05
Treatments ﬂ‘i y ﬁi c |
D 0.600 o |
~0.800 0.800
Q " am‘i 3197 N8 8] 2o
3.600
0.840 0.057 0.424 :




112

BIOGRAPHY

Miss Nipaporn Chokchaikasemsuk was born on March 22, 1979 in Saraburi
Province. She graduated with a Bachelor degree of Science (Biotechnology) from

Mahidol University in 1999. She for the Master degree of Science

(Biotechnology) at Faculty of Scie ' iversity since 2003.

AULININTNEINT
ARIAATAUNM TN



	References
	Appendix
	Vita

