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การเตรียมสารเคม ีเพ ี่อการว ิเคราะห ์ปริมาณ แอมโมเน ีย
(ตามวิธ ีของ Strickland and Parsons, 1972)

ภาคผนวก ก

1. นำกล ัน  de-ionized
2. ลารละลาย phenol

เตร ีมโดยละลายผล ึก phenol (Analytical Reagent grade; AR grade) 20 g ใน 95% v/v ethyl 
alcohol 200 ml
3. ลารละลาย Sodium nitroprusside

เตร ียมโดยละลาย Sodium nitroprusside (Na2Fe(CN)5N 0 .2h2o) 1.0 g ในนำกล ัน  200 ml 
เก็บ'VH'นขวดลี'ซา ลารละลายน ี้สามารถเก ็บไว ้ได ้ประมาณ  1 เด ือน
4. A lkaline reagent

เตร ียมโดยละลาย Sodium citrate 100 g และ Sodium hydroxide 5 g (AR grade) ในนำกล ัน  
500 ml ลารละลายน ี้ลามารถเก ็บไว ้ใช ้ได ้ตลอดไป
5. ลารละลาย Sodium hypochlorite

ใช้ hypochlorite ท่ีมี'ขายท่ัว'ไป (เซ่น ที่มีซื่อทางการค้าว่า chlorox, ไฮเตอร์) ซึ่งควรมีค่าความ 
เข้มข้นประมาณ 1.5 N ส่วนในการทดลองน้ีใช้ hypochlorite ที่มีซื่อทางการค้าว่า ใฮเตอร์ ลาร 
ละลายนี้จะมีการลลายตัวช้าแต ่ก็ควรทำการท ด ลอบค่าความเข้มข้นของลารก่อนนำมาใ ช ้  ซึ่งทำได้ 
โดยเตรียมนํ้ากลั่น 50 ml ใส่ใน flask ใส่ผลึก potassium iodide (Kl) ลงไปเลกน้อย (ประมาณ 2 
g) และปิเปตสารละลาย hypochlorite นันมาเติมลงไป 1.0 ml จากนันเติมกรด hydrochloric เข้ม 
ข้นลงไป 5-10 หยด นำไปไตเตรต กับลารละลาย thiosulphate (เตรียมโดยละลาย Sodium 
thiosulphate (Na2S20 3.5H20) 12.5 g ในนํ้ากลัน 500 ml) จนกระทั่งลีเหลืองจางหายไป หากผล 
การไตเตรตพบว่าใช้ thiosulphate น้อยกว่า 12 ml แสดงว่าไม่ควรนำลารละลาย hypochlorite น้ัน 
มาใช้
6. ลารละลาย oxidizing

เตร ียมโดยผลมสารละลาย A lkaline reagent (ข้อ 4) 100 ml ก ับสารละลาย Sodium 
hypochlorite (ข้อ 5) 25 ml เข ้าด ้วยก ัน  ป ิดฝาให ้สน ิทขณ ะท ี่ไม ่ได ้ใช ้และควรเตร ียมใหม ่ท ุกคร ั้งท ี่จะ 
ทำการว ิเคราะห ์
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7. ลารละลายแอมโมเน ียมาตรฐาน
เตร ียมโดยละลาย am m onium  sulphate 0.100 g ในนำกล ัน  de-ionized 1000 ml เติม 

chloroform  1 ml เก ็บไว ้ในขวดล ีซาและลามารถและลามารถเก ็บไว ้ใช ้ได ้นานหลายเด ือน
1 ทา! E  1 -5 ag-at N

ป ิเป ตลารละลายน ี้ 1.00 ml ใล ่ลงใน  flask ขนาด 500 ml เต ิมน ํ้ากล ั่น  de-ionized จนถึงข ีด 
ปร ิมาตร จะได ้สารละลายแอมโมเน ียท ี่ม ีค ่าความเข ้มข ้น เท ่าก ับ  3.0 fug-at N /liter

เตร ียมลารละลายแอมโมเน ียมาตรฐานความเข ้มข ้นต ่างๆก ันโดยให ้อย ู่ในช ่วงท ี่ครอบคล ุม  
ความเข ้มข ้นของแอมโมเน ียในนาต ัวอย ่าง
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การเตร ึยมสารเคม ีเพ ี่อกา‘รว ิเคราะห ์ปริมาณออกซีเททราช ัยคล ินในเน ื้อก ุ้งโดยเทคนิค
HPLC

ภาคผนวก ข

1. นำกล ันท ีม ีความปริส ุทธ ิ*ส ูง เซ ่น ultrapure water หรือ mili-Q water
2. สารละลาย 0.1 M Na,ED TA-M cllva ine, pH 4.0

2.1 ช ั่ง Na,ED TA 34.22 g ละลายด ้วยน ํ้ากล ั่น  แล ้วปรับปริมาตรเท ่าก ับ 500 ml
2 .2 ชัง Na2H P 0 4 85.22 g และ citric acid 45.96 g ละลายด ้วยสารละลายจากข ้อ 2.1 

แล ้วปร ับปร ิมาตให ้เท ่าก ับ  1 L ด ้วยน ํ้ากล ั่น
3. สารละลาย 0.01 M Oxalic acid + 0.1% triethylamin, pH 4.5

เตร ียมโดยช ัง Oxalic acid 1.2607 g ละลายด ้วยน ํ้ากล ั่น  แล ้วปรับปริมาตรให ้เท ่าก ับ  
1 L จากน ั้น เต ิม  triethyla lm ine (TEA) 1 ml คนให ้ละลายสมบ ูรณ ์’แล ้วปรับ pH ให ้เท ่าก ับ 4.5 ด้วย 
สารละลาย 1N NaOH
4. สารละลาย methanol : (0.01 M Oxalic acid + 0.1% TEA, pH 4.5), 7:3

เตร ียมโดยตวง methanol (HPLC grade) 350 ml และสารละลาย 0.01 M Oxalic acid + 
0.1% triethylam ine, pH 4.5 (สารละลายในข ้อ 3) 150 ml เทผสมให ้เข ้าก ันในขวดเก ็บสาร ป ิดฝา 
ก ันระเหย
หมายเหต ุ สารละลายน ี้ให ้เบนต ัวท ่าละลายของสารมาตรฐาน และใช ้เบน eluent สำหรับเตรียม
ต ัวอย ่าง
5. สารละดายมาตรฐาน oxytetracycline

5.1 Stock standard solution ความเข ้มข ้น 250 ng/ml
เตร ียมโดยช ังสารมาตรฐาน oxytetracycline 0.025 g (นา,หน ักแน ่,นอน) ละลาย 

ด้วย methanol (HPLC grade) แล ้วปรับปริมาตรให ้เท ่าก ับ 100 ml
5.2 Interm ediate standard solution ความเข ้มข ้น 2.5 |j.g/ml

เตร ียมโดยป ิเปต Stock standard solution (สารละลายในข ้อ 5.1) มา 1 ml แล้ว 
เจ ือจางด ้วยสารละลาย methanol : (0.01 M Oxalic acid + 0.1% TEA, pH 4.5), 7:3 (ลารละลาย 
ในข ้อ 4) และปร ับปร ิมาตรให ้เท ่าก ับ  100 ml
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5.3 W orking standard solution ความเข ้มข ้น 0.05, 0.1 ,0 .25 และ 0.5 ng/ml
เตร ียมโดยป ิเปต Intermediate standard solution (ลารละลายในข ้อ 5.2) 1 ml, 2 

ml, 5 ml และ 10 ml ลงในแต ่ละ volum etric flask ขนาด 50 ml เจ ือจางและปรับปริมาตรด ้วยลาร 
ละลายในข ้อ 4 จากน ั้นกรองผ ่าน  0.45 urn membrane filte r ก่อนฉีด
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ภาคผนวก ง
ผลการวิเคราะห์ข้อมูลทางสถิติ

ผลของยาปฏิชีวนะออกซีเททราชัยคลินและความเค็มต่อการข้นถ่ายแอมโมเนีย

Analysis of Variance Procedure 
Class Level Information 

Class Levels Values
DAY 4 3 6 9 12 day
SAL 3 10 20 30 ppt
DOSE 4 0 1 5 10 g/1 Kg diet

Num ber of observations in data set = 144

Dependent Variable : Am m onia excretion
Source DF Sum of Squares Mean Square F Value
Model 47 70528.59001 1500.60830 3.63
Error 96 39687.27557 413.40912
Corrected Total 143 110215.86558

R-Square c.v. Root MSE NH3 Mean
0.639913 34.76891 20.33246 58.4788626

Dependent Variable: Am m onia ecretion
Source DF Anova ss Mean Square F Value
DAY3 3 29466.71392 9822.23797 23.76
SAL 10 2 9080.83640 4540.41820 10.98
DAY3*SAL10 6 6106.65401 1017.77567 2.46
DOSE 3 4237.83969 1412.61323 3.42

Pr > F 
0.0001

Pr > F 
0.0001 
0.0001 
0.0294 
0.0204
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DAY3*DOSE 9 6290.98388 698.99821 1.69 0.1016
SAL10*DO SE 6 6001.72602 1000.28767 2.42 0.0320
DAY3*SAL10*DOSE 18 9343.83610 519.10201 1.26 0.2351

Duncan's Multip le Range Test for variable: Ammonia excretion 
NOTE: This test controls the type I compansonwise error rate, not 

the experim entw ise error rate
Alpha= 0.05 df= 96 MSE= 413.4091 
Num ber of Means 2 3 4
Critical Range 9.52 10.02 10.33 

Means with the same letter are not significantly different.

Duncan Grouping Mean N DAY
A 72.320 36 9
A 71.471 36 12
B 52.066 36 6
c 38.058 36 3

Alpha= 0.05 df= 96 MSE= 413.4091 
Num ber of Means 2 3 
Critical Range 3.249 8.674

Duncan Grouping Mean N SAL
A 69.123 48 10
B 56.258 48 20
B 50.055 48 30
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Alpha= 0.05 df= 96 MSE= 413.4091 
2 3 4

9.52 10.02 10.33

Mean N DOSE

Num ber of Means 
Critical Range

Duncan Grouping 
A 
A
B, A 
B

62.898 36 0
62.745 36 5
58.733 36 1
49.539 36 10



ภ า ค ผ น ว ก  จ

ผลการวิเคราะห์ทางสถิติ

การขบถ่ายแอมโมเน ียของก ุ้งท ี่ความเค ็มและปริมาณออกชีเททราชียคล ินต ่าง
.................... ......... ............ SAL=10 D O S E = 0 .......................................... —

General Linear Models Procedure 
Class Level Information 

Class Levels Values 
DAY 4 3 6 9 12

Num ber of observations in by group = 12

Dependent Variable: am m onia excretion
Source DF Sum of Squares Mean Square F Value
Model 3 8862.018434 2954.006145 2.89
Error 8 8178.056914 1022.257114
Corrected Total 11 17040.075349

Pr > F 
0.1023

R-Square c.v. Root MSE NH3 Mean
0.520069 41.82935 31.97276 76.4361761

Dependent Variab le: ammonia excretion
Source DF Type I ss Mean Square F Value Pr > F
DAY 3 8862.018434 2954.006145 2.89 0.1023

Source DF Type III SS Mean Square F Value Pr > F
DAY 3 8862.018434 2954.006145 2.89 0.1023
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General Linear Models Procedure 
Duncan's Multiple Range Test for variable: ammonia excretion 

NOTE: This test controls the type I comparisonwise error rate, not 
the experimentwise error rate

Alpha= 0.05 d f= 8  MSE= 1022.257 
Number of Means 2 3 4

Critical Range 60.12 62.69 64.19 
Means with the same letter are not significantly different.

General Linear Models Procedure
Duncan Grouping Mean N DAY

A 110.12 3 12
ธ ,A 95.43 3 9
ธ ,A 56.07 3 6
ธ 44.12 3 3
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General Linear Models Procedure 
Class Level Information 

Class Levels Values 
DAY 4 3 6 9 12

Num ber of observations in by group = 12

-------- S A L = 10  D 0 S E = 1  ........................................

Dependent Variable:
Source
Model
Error
Corrected Total

am m onia excretion 
DF Sum of Squares 
3 1566.734901
8 2312.191138
11 3878.926040

Mean Square
522.244967
289.023892

F Value Pr > F 
1.81 0.2238

R-Square c.v. Root MSE NH3 Mean
0.403909 25.40515 17.00070 66.9183389

Dependent Variab le: am m onia excretion
Source DF Type I ss Mean Square F Value Pr > F
DAY 3 1566.734901 522.244967 1.81 0.2238

Source DF Type III SS Mean Square F Value Pr > F
DAY 3 1566.734901 522.244967 1.81 0.2238
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General Linear Models Procedure 
Duncan's Multiple Range Test for variable: ammonia excretion 

NOTE: This test controls the type I comparisonwise error rate, not 
the experimentwise error rate

A lphas 0.05 d f= 8  MSE= 289.0239 
Number of Means 2 3 4

Critical Range 31.97 33.33 34.13 
Means with the same letter are not significantly different.

General Linear Models Procedure 
Duncan Grouping Mean N DAY

A 79.86 3 9
A 73.26 3 12
A 65.28 3 6
A 49.26 3 3
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General Linear Models Procedure 
Class Level Information 

Class Levels Values 
DAY 4 3 6 9 12

Num ber of observations in by group = 12

....... ... S A L = 10  D 0 S E = 5 ......................................

Dependent Variable: am m onia excretion
Source DF Sum of Squares Mean Square F Value Pr > F
Model 3 6106.576219 2035.525406 9.30 0.0055
Error 8 1750.408460 218.801058
Corrected Total 11 7856.984679

R-Square c.v. Root MSE NH3 Mean
0.777216 18.09941 14.79193 81.7260312

Dependent Variable: am m onia excretion
Source DF Type I SS Mean Square F Value Pr > F
DAY 3 6106.576219 2035.525406 9.30 0.0055

Source DF Type ill SS Mean Square F Value Pr > F
6106.576219DAY 3 2035.525406 9.30 0.0055



G en era l Linear M o d e ls  P ro ced u re
Duncan's Multiple Range Test for variable: ammonia excretion 

NOTE: This test controls the type I comparisonwise error rate, not 
the experimentwise error rate

A lphas 0.05 df= 8 MSE= 218.8011 
Number of Means 2 3 4

Critical Range 27.81 29.00 29.70 
Means with the same letter are not significantly different.

General Linear Models Procedure
Duncan Grouping Mean N DAY

A 107.76 3 12
A 88.36 3 6
A 85.15 3 9

B 45.64 3 3
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General Linear Models Procedure 
Class Level Information 

Class Levels Values 
DAY 4 3 6 9 12

Num ber of observations in by group = 12

Dependent Variable: ammonia excretion

................. ................................. S A L = 10  D O S E = 1 0 -----------------------------

Source DF Sum of Squares Mean Square F Value Pr > F
Model 3 3 5 .3 4 5 0 1 8 8 8 1 1 .7 81 6 7 2 96 0.01 0 .9981

Error 8 8 0 0 4 .5 8 9 3 3 1 9 4 1 0 0 0 .5 7 3 6 6 6 4 9

Corrected Total 11 8 0 3 9 .9 3 4 3 5 0 8 2

R-Square c . v .  Root M SE NH3 Mean
0 .0 0 4 3 9 6 6 1 .5 2 7 2 9  3 1 .6 31 8 5 5 1 .4 1 1 0 8 5 6

Dependent Variab le: am m onia excretion
Source DF Type I ss Mean Square F Value Pr > F
DAY 3 35.34501888 11.78167296 0.01 0.9981

Source DF Type III SS Mean Square F Value Pr > F
DAY 3 35.34501888 11.78167296 0.01 0.9981
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General Linear Models Procedure 
Duncan's Multiple Range Test for variable: ammonia excretion 

NOTE: This test controls the type I comparisonwise error rate, not 
the experimentwise error rate

Alpha= 0.05 df= 8 MSE= 1000.574 
Number of Means 2 3 4

Critical Range 59.48 62.02 63.51 
Means with the same letter are not significantly different.

General Linear Models Procedure 
Duncan Grouping Mean N

A  52.76 3
A  52.75 3
A  51.57 3

DAY
3

12
9

A 48.56 3 6
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......................................— - SAL=20 DOSE=ะ0 — ................. ..........
General Linear Models Procedure

Class Level Information 
Class Levels Values 

DAY 4 3 6 9 12
Num ber of observations in by group = 12

Dependent Variab le: am m onia excretion
Source DF Sum of Squares Mean Square F Value Pr > F
Model 3 7748.303043 2582.767681 13.39 0.0017
Error 8 1542.788858 192.848607
Corrected Total 11 9291.091902

R-Square C .v .  Root M SE NH3 Mean
0.833950 20.39455 13.88699 68.0916945

Dependent Variab le: am m onia excretion
Source DF Type I ss Mean Square F Value Pr > F
DAY 3 7748.303043 2582.767681 13.39 0.0017

Source DF Type III SS Mean Square F Value Pr > F
DAY 3 7748.303043 2582.767681 13.39 0.0017
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General Linear Models Procedure 
Duncan's Multiple Range Test for variable: ammonia excretion 

NOTE: This test controls the type I comparisonwise error rate, not 
the experimentwise error rate

Alpha= 0.05 df= 8 MSE= 192.8486 
Number of Means 2 3 4

Critical Range 26.11 27.23 27.88 
Means with the same letter are not significantly different.

General Linear Models Procedure
Duncan Grouping Mean N DAY

A 108.16 3 12
B 66.62 3 9

C,B 59.53 3 6
c 38.06 3 3
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General Linear Models Procedure
Class Level Information 

Class Levels Values 
DAY 4 3 6 9 12

Num ber of observations in by group =ะ 12

------------ S A L = 20  D 0 S E = 1  ------------------------------

Dependent Variab le: am m onia excretion
Source DF Sum of Squares Mean Square F Value Pr > F
Model 3 3236.968901 1078.989634 2.95 0.0980
Error 8 2921.739129 365.217391
Corrected Total 11 6158.708030

R-Square c.v. Root MSE NH3 Mean
0.525592 32.51521 19.11066 58.7745262

Dependent Variab le: am m onia excretion
Source DF Type I ss Mean Square F Value Pr > F
DAY 3 3236.968901 1078.989634 2.95 0.0980

Source DF Type III SS Mean Square F Value Pr > F
DAY 3 3236.968901 1078.989634 2.95 0.0980
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General Linear Models Procedure 
Duncan's Multiple Range Test for variable: ammonia excretion 

NOTE: This test controls the type I comparisonwise error rate, not 
the experimentwise error rate

Alpha= 0.05 df= 8 MSE= 365.2174 
Number of Means 2 3 4

Critical Range 35.94 37.47 38.37 
Means with the same letter are not significantly different.

General Linear Models Procedure
Duncan Grouping Mean N DAY

A 82.03 3 9
B,A 65.82 3 12
B,A 47.49 3 6
B 39.76 3 3
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General Linear Models Procedure 
Class Level Information 

Class Levels Values 
DAY 4 3 6 9 12

Num ber of observations in by group = 12

Dependent Variable:
Source 
Model 
Error
Corrected Total

R-Square 
0.585150

.......................... .......................... S A L = 20  D 0 S E = 5  .........................................

ammonia excretion 
DF Sum of Squares 
3 5590.505408
8 3963.463862
11 9553.969270

Mean Square F Value 
1863.501803 3.76
495.432983

c.v. Root MSE NH3 Mean 
43.87035 22.25832 50.7366037

Dependent Variable: am m onia excretion
Source DF Type I ss Mean Square F Value Pr > F
DAY 3 5590.505408 1863.501803 3.76 0.0595

Source DF Type III ss Mean Square F Value Pr > F
DAY 3 5590.505408 1863.501803 3.76 0.0595

Pr > F 
0.0595
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General Linear Models Procedure 
Duncan's Multip le Range Test for variable: ammonia excretion 

NOTE: This test controls the type I comparisonwise error rate, not 
the experimentwise error rate

Alpha= 0.05 d f= 8  MSE= 495.433 
Number of Means 2 3 4

Critical Range 41.85 43.64 44.69 
Means with the same letter are not significantly different.

General Linear Models Procedure
Duncan Grouping Mean N DAY

A 76.65 3 12
A 65.17 3 9

B,A 39.76 3 3
B 21.36 3 6
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General Linear Models Procedure 
Class Level Information 

Class Levels Values 
DAY 4 3 6 9 12 

Num ber of observations in by group = 12

Dependent Variable: ammonia excretion

----------- ---------— - ................. S A L = 20  D O S E = 1 0 ........................................

Source DF Sum of Squares Mean Square F Value Pr > F
Model 3 1277.442386 425.814129 0.73 0.5627
Error 8 4669.493628 583.686703
Corrected Total 11 5946.936014

R-Square c.v. Root MSE NH3 Mean
0.214807 50.93616 24.15961 47.4311594

Dependent Variable: ammonia excretion
Source DF Type I SS Mean Square F Value Pr > F
DAY 3 1277.442386 425.814129 0.73 0.5627

Source DF Type III ss Mean Square F Value Pr > F
3 1277.442386 425.814129DAY 0.73 0.5627
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General Linear Models Procedure 
Duncan's Multiple Range Test fo r variable: ammonia excretion 

NOTE: This test controls the type I comparisonwise error rate, not 
the experimentwise error rate

Alpha= 0.05 df= 8 MSE= 583.6867 
Number of Means 2 3 4

Critical Range 45.43 47.37 48.51 
Means with the same letter are not significantly different.

General Linear Models Procedure
Duncan Grouping Mean N DAY

A 62.87 3 12
A 50.01 3 6
A 41.45 3 9
A 35.39 3 3
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General Linear Models Procedure 
Class Level Information 
Class Levels Values 
DAY 4 3 6 9 12

Num ber of observations in by group = 12

Dependent Variab le: am m onia excretion

............— .......... ............. .—  S A L = 30  D O S E = 0 ........................................

Source DF Sum of Squares Mean Square F Value Pr > F
Model 3 2228.860381 742.953460 4.33 0.0433
Error 8 1372.765405 171.595676
Corrected Total 11 3601.625786

R-Square c.v. Root MSE NH3 Mean
0.618848 29.65858 13.09945 44.1675028

Dependent Variable: am m onia excretion
Source DF Type I ss Mean Square F Value Pr > F
DAY 3 2228.860381 742.953460 4.33 0.0433

Source DF Type III ss Mean Square F Value Pr > F
DAY 3 2228.860381 742.953460 4.33 0.0433
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General Linear Models Procedure 
Duncan's Multip le Range Test fo r variable: ammonia excretion 

NOTE: This test controls the type I comparisonwise error rate, not 
the experimentwise error rate

Alpha= 0.05 df= 8 MSE= 171.5957 
Number of Means 2 3 4

Critical Range 24.63 25.68 26.30 
Means with the same letter are not significantly different.

General Linear Models Procedure 
Duncan Grouping Mean N DAY

A 62.65 3 9
B,A 48.43 3 6
B.A 40.69 3 12
ธ 2 4 .9 0 3 3
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General Linear Models Procedure 
Class Level Information 

Class Levels Values 
DAY 4 3 6 9 12

Num ber of observations in by group = 12

Dependent Variable: ammonia excretion

.......................................... .......... S A L = 30  D 0 S E = 1  ..................................

Source DF Sum of Squares Mean Square F Value P r>  F
Model 3 2693.528002 897.842667 5.53 0.0237
Error
Corrected Total

8
11

1298.117470
3991.645473

162.264684

R-Square c.v. Root MSE NH3 Mean
0.674791 25.22174 12.73832 50.5052954

Dependent Variable: am m onia excretion
Source DF Type I ss Mean Square F Value Pr > F
DAY 3 2693.528002 897.842667 5.53 0.0237

Source DF Type III SS Mean Square F Value Pr > F
DAY 3 2693.528002 897.842667 5.53 0.0237
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General Linear Models Procedure 
Duncan's Multiple Range Test for variable: ammonia excretion 

NOTE: This test controls the type I comparisonwise error rate, not 
the experimentwise error rate

Alpha= 0.05 df= 8 MSE= 162.2647 
Number of Means 2 3 4

Critical Range 23.95 24.98 25.57 
Means with the same letter are not significantly different.

General Linear Models Procedure
Duncan Grouping Mean N DAY

A 74.33 3 9
ธ ,A 50.77 3 12
B 42.92 3 6
B 3 4 .0 0 3 3
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General Linear Models Procedure 
Class Level Information 

Class Levels Values 
DAY 4 3 6 9 12

Num ber of observations in by group = 12

...........S A L = 30  D 0 S E = 5 .........................................

Dependent Variable:
Source
Model
Error
Corrected Total

am m onia excretion 
DF Sum of Squares 
3 9522.267616
8 1020.373375
11 10542.640991

Mean Square F Value P r > F
3174.089205 24.89 0.0002
127.546672

R-Square c.v. Root MSE NFI3 Mean
0.903215 20.24938 11.29366 55.7728540

Dependent Variab le: am m onia excretion
Source DF Type I ss Mean Square F Value Pr > F
DAY 3 9522.267616 3174.089205 24.89 0.0002

Source D Type III ss Mean Square F Value Pr > F
DAY 3 9522.267616 3174.089205 24.89 0.0002
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General Linear Models Procedure 
Duncan's Multip le Range Test for variable: ammonia excretion 

NOTE: This test controls the type I comparisonwise error rate, not 
the experimentwise error rate

A lphas 0.05 df= 8 MSE= 127.5467 
Number of Means 2 3 4

Critical Range 21.24 22.14 22.67 
Means with the same letter are not significantly different.

General L inear Models Procedure
Duncan Grouping Mean N DAY

A 102.227 3 9
B 50.878 3 12

c,ธ 43.008 3 6
c 2 6 .9 7 8 3 3
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General Linear Models Procedure 
Class Level Information 

Class Levels Values 
DAY 4 3 6 9 12

Num ber of observations in by group = 12

..........S A L = 30  D O S E = 1 0 ------------ ----------------

Dependent Variable:
Source
Model
Error
Corrected Total

R-Square
0.468591

2339.637591
2653.287994
4992.925585

c.v. Root MSE 
36.58771 18.21156

Mean Square F Value
779.879197 2.35
331.660999

NH3 Mean 
49.7750836

ammonia excretion 
DF Sum of Squares 
3 
8 
11

Dependent Variab le: am m onia excretion
Source DF Type I ss Mean Square F Value Pr > F
DAY 3 2339.637591 779.879197 2.35 0.1484

Source DF Type III SS Mean Square F Value Pr > F
DAY 3 2339.637591 779.879197 2.35 0.1484

Pr > F 
.1484



74

General Linear Models Procedure 
Duncan's Multiple Range Test for variable: ammonia excretion 

NOTE: This test controls the type I comparisonwise error rate, not 
the experimentwise error rate

A lphas 0.05 d f= 8  MSE= 331.661 
Number of Means 2 3 4

Critical Range 34.25 35.71 36.56 
Means with the same letter are not significantly different.

General Linear Models Procedure 
Duncan Grouping Mean N

A 61.36 3
A 57.92 3
A 53.78 3
A 2 6 .0 4  3

DAY
9

12
6
3
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ภ า ค ผ น ว ก  ฉ  

ผ ล ก า ร ว ิเ ค ร า ะ ห ์ท า ง ส ถ ิต ิ

ก า ร ข บ ถ ่า ย แ อ ม โ ม เ น ีย ข อ ง ก ุ้ง ท ี่ค ว า ม เ ค ็ม แ ล ะ ร ะ ย ะ เ ว ล า ต ่า ง  ๆ

—.......SAL=10 DAY=3 -— .............................
General Linear Models Procedure 

Class Level Information 
Class Levels Values 
DOSE 4 0 1 5  10

Num ber of observations in by group = 12

Dependent Variab le:
Source
Model
Error
Corrected Total

am m onia excretion 
DF Sum of Squares 
3 134.6158843
8 2254.0287485
11 2388.6446328

Mean Square 
44.8719614 

281.7535936

F Value Pr > F 
0.16 0.9208

R-Square c . v . Root MSE NH3 Mean
0.056357 35.00805 16.78552 47.9475962

Dependent Variab le: am m onia excretion
Source DF Type I ss Mean Square F Value Pr > F
DOSE 3 134.6158843 44.8719614 0.16 0.9208

Source DF Type III SS Mean Square F Value Pr > F
DOSE 3 134.6158843 44.8719614 0.16 0.9208
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General Linear Models Procedure 
Duncan's Multiple Range Test for variable: ammonia excretion 

NOTE: This test controls the type I comparisonwise error rate, not 
the experimentwise error rate

A lphas 0.05 df= 8 MSE= 281.7536 
Number of Means 2 3 4

Critical Range 31.56 32.91 33.70 
Means with the same letter are not significantly different.

General L inear Models Procedure
Duncan Grouping Mean N DOSE

A 52.76 3 10
A 49.26 3 1
A 45.64 3 5
A 44.12 3 0
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General Linear Models Procedure 
Class Level Information 

Class Levels Values 
DOSE 4 0 1 5  10 

Num ber of observations in by group = 12

............. S A L = 10  D A Y = 6 ...........................................

Dependent Variable:
Source
Model
Error
Corrected Total

ammonia excretion 
DF Sum of Squares 
3 2684.829029
8 1111.987562
11 3796.816591

Mean Square F Value P r > F
894.943010 6.44 0.0158
138.998445

R-Square c.v. Root MSE NH3 Mean
0.707126 18.25929 11.78976 64.5685619

Dependent Variable: ammonia excretion
Source DF Type I SS Mean Square F Value Pr > F
DOSE 3 2684.829029 894.943010 6.44 0.0158

Source DF Type III SS Mean Square F Value Pr > F
DOSE 3 2684.829029 894.943010 6.44 0.0158
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General Linear Models Procedure 
Duncan's Multiple Range Test for variable: ammonia excretion 

NOTE: This test controls the type I comparisonwise error rate, not 
the experimentwise error rate

A lphas 0.05 df= 8 MSE= 138.9984 
Number of Means 2 3 4

Critical Range 22.17 23.12 23.67 
Means with the same letter are not significantly different.

General L inear Models Procedure
Duncan Grouping Mean N DOSE

A 88.359 3 5
B 65.282 3 1
B 56.074 3 0
B 4 8 .5 6 0 3 10
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General Linear Models Procedure 
Class Level Information 

Class Levels Values 
DOSE 4 0 1 5  10 

Num ber of observations in by group = 12

Dependent Variab le: am m onia excretion

............... .......................... .......... S A L = 10  D A Y = 9 ............. .............................

Source DF Sum of Squares Mean Square F Value Pr > F
Model 3 3170.501449 1056.833816 1.96 0.1985
Error 8 4310.639330 538.829916
Corrected Total 11 7481.140779

R-Square c.v. Root MSE NH3 Mean
0.423799 29.75903 23.21271 78.0022297

Dependent Variab le: am m onia excretion
Source DF Type I ss Mean Square F Value Pr > F
DOSE 3 3170.501449 1056.833816 1.96 0.1985

Source DF Type III ss Mean Square F Value Pr > F
DOSE 3 3170.501449 1056.833816 1.96 0.1985
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General Linear Models Procedure 
Duncan's Multiple Range Test for variable: ammonia excretion 

NOTE: This test controls the type I comparisonwise error rate, not 
the experimentwise error rate

Alpha= 0.05 df= 8 MSE= 538.8299 
Number of Means 2 3 4

Critical Range 43.65 45.51 46.60 
Means with the same letter are not significantly different.

General L inear Models Procedure 
Duncan Grouping Mean N DOSE

A 95.43 3 0
A 85.15 3 5
A 79.86 3 1
A 5 1 .5 7  3 10
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General Linear Models Procedure 
Class Level Information 

Class Levels Values 
DOSE 4 0 1 5  10 

Num ber of observations เท by group = 12

Dependent Variable: am m onia excretion

.................................... ................S A L = 10  D A Y = 1 2 .................................. —

Source DF Sum of Squares Mean Square F Value Pr > F
Model 3 6968.479846 2322.826615 1.48 0.2921
Error 8 12568.590204 1571.073776
Corrected Total 11 19537.070050

R-Square c . v .  Root MSE NH3 Mean
0.356680 46.10361 39.63677 85.9732441

Dependent Variable: am m onia excretion
Source DF Type I SS Mean Square F Value Pr > F
DOSE 3 6968.479846 2322.826615 1.48 0.2921

Source DF Type III SS Mean Square F Value Pr > F
DOSE 3 6968.479846 2322.826615 1.48 0.2921
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General Linear Models Procedure 
Duncan's Multip le Range Test fo r variable: ammonia excretion 

NOTE: This test controls the type I compansonwise error rate, not 
the expenmentwise error rate

Alpha= 0.05 df= 8 MSE= 1571.074 
Number of Means 2 3 4

Critical Range 74.53 77.72 79.58
Means with the same letter are not significantly I

Linear Models Procedure
Duncan Grouping Mean N DOSE

A 110.12 3 0
A 107.76 3 5
A 73.26 3 1
A 52.75 3 10
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General Linear Models Procedure 
Class Level Information 

Class Levels Values 
DOSE 4 0 1 5  10 

Num ber of observations เท by group = 12

......... ...  S A L = 20  D A Y = 3 .........................................

Dependent Variable:
Source
Model
Error
Corrected Total

am m onia excretion 
DF Sum of Squares 
3 38.33542130
8 2749.84172452
11 2788.17714582

Mean Square F Value P r > F  
12.77847377 0.04 0.9897
343.73021556

R-Square c.v. Root MSE NH3 Mean
0.013749 48.47579 18.53996 38.2458194

Dependent Variab le: am m onia excretion
Source DF Type I ss Mean Square F Value Pr > F
DOSE 3 38.33542130 12.77847377 0.04 0.9897

Source DF Type III SS Mean Square F Value Pr > F
DOSE 3 38.33542130 12.77847377 0.04 0.9897
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General Linear Models Procedure 
Duncan's Multiple Range Test for variable: ammonia excretion 

NOTE: This test controls the type I comparisonwise error rate, not 
the experimentwise error rate

Alpha= 0.05 df= 8 MSE= 343.7302 
Number of Means 2 3 4

Critical Range 34.86 36.35 37.22 
Means with the same letter are not significantly different.

General L inear Models Procedure
Duncan Grouping Mean N DOSE

A 39.76 3 5
A 39.76 3 1
A 38.06 3 0
A 3 5 .3 9 3 10
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General Linear Models Procedure 
Class Level Information

-  S A L = 20  D A Y = 6 ....................................

Class Levels Values
DOSE 4 0 1 5  10

Num ber of observations in by group = 12

Dependent Variable: am m onia excretion
Source DF Sum of Squares Mean Square F Value Pr > F
Model 3 2402.080140 800.693380 2.32 0.1518
Error 8 2761.248756 345.156095
Corrected Total 11 5163.328897

R-Square c . v .  Root M SE NH3 Mean
0.465219 41.65889 18.57838 44.5964326

Dependent Variable: am m onia excretion
Source DF Type I ss Mean Square F Value Pr > F
DOSE 3 2402.080140 800.693380 2.32 0.1518

Source DF Type III SS Mean Square F Value Pr > F
DOSE 3 2402.080140 800.693380 2.32 0.1518
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General Linear Models Procedure 
Duncan's Multiple Range Test for variable: ammonia excretion 

NOTE: This test controls the type I comparisonwise error rate, not 
the experimentwise error rate

A lp has  0.05 df= 8 MSE= 345.1561 
Number of Means 2 3 4

Critical Range 34.93 36.43 37.30 
Means with the same letter are not significantly different.

General L inear Models Procedure
Duncan Grouping Mean N DC

A 59.53 3 0
ธ, A 50.01 3 10
ธ, A 47.49 3 1
ธ 21.36 3 5
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General Linear Models Procedure 
Class Level Information 

Class Levels Values 
DOSE 4 0 1 5 1 0  

Num ber of observations in by group = 12

--------- SA L ะ=20 D A Y = 9 ............... ............................

Dependent Variable: am m onia excretion
Source DF Sum of quares Mean Square
Model 3 2525.094423 841.698141
Error 8 3984.525153 498.065644
Corrected Total 11 6509.619576

F Value Pr > F 
1.69 0.2457

R-Square
0.387902

c.v.
34.97143

Root MSE 
22.31738

NH3 Mean 
63.8160535

Dependent Variab le: am m onia excretion
Source DF Type I ss Mean Square F Value Pr > F
DOSE 3 2525.094423 841.698141 1.69 0.2457

Source DF Type III SS Mean Square F Value Pr > F
DOSE 3 2525.094423 841.698141 1.69 0.2457
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General Linear Models Procedure 
Duncan's Multiple Range Test for variable: ammonia excretion 

NOTE: This test controls the type I comparisonwise error rate, not 
the experimentwise error rate

A lphas 0.05 df= 8 MSE= 498.0656 
Number of Means 2 3 4

Critical Range 41.97 43.76 44.81 
Means with the same letter are not significantly different.

General Linear Models Procedure 
Duncan Grouping Mean N DOSE

A 82.03 3 1
A 66.62 3 0
A 65.17 3 5
A 41.45 3 10
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General Linear Models Procedure 
Class Level Information 

Class Levels Values 
DOSE 4 0 1 5  10 

Num ber of observations in by group = 12

Dependent Variable: am m onia excretion

........................ .......................... . S A L = 20  D A Y = 1 2 ......................................

Source DF Sum of Squares Mean Square F Value Pr > F
Model 3 3863.967609 1287.989203 2.86 0.1043
Error 8 3601.869843 450.233730
Corrected Total 11 7465.837451

R-Square c.v. Root MSE NH3 Mean
0.517553 27.07308 21.21871 78.3756784

Dependent Variable: ammonia excretion
Source DF Type I ss Mean Square F Value Pr > F
DOSE 3 3863.967609 1287.989203 2.86 0.1043

Source DF Type III SS Mean Square F Value Pr > F
DOSE 3 3863.967609 1287.989203 2.86 0.1043
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General Linear Models Procedure 
Duncan’s Multip le Range Test fo r variable: ammonia excretion 

NOTE: This test controls the type I comparisonwise error rate, not 
the experimentwise error rate

A lphas 0.05 df= 8 MSE= 450.2337 
Number of Means 2 3 4

Critical Range 39.90 41.60 42.60 
Means with the same letter are not significantly different.

General Linear Models Procedure 
Duncan Grouping Mean N

A 108.16 3
B,A 76.65 3
B 65.82 3

DOSE
0
5
1

B 62.87 3 10
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General Linear Models Procedure 
Class Level Information 

Class Levels Values 
DOSE 4 0 1 5 1 0  

Num ber of observations in by group = 12

Dependent Variable: am m onia excretion

............... ................... .................S A L = 30  D A Y =3 .... ......................................

Source DF Sum of Squares Mean Square F Value Pr > F
Model 3 151.4345476 50.4781825 0.23 0.8763
Error 8 1793.7256479 224.2157060
Corrected Total 11 1945.1601955

R-Square c.v. Root MSE NH3 Mean
0.077852 53.51420 14.97383 27.9810479

Dependent Variable: am m onia excretion
Source DF Type I ss Mean Square F Value Pr > F
DOSE 3 151.4345476 50.4781825 0.23 0.8763

Source DF Type III SS Mean Square F Value Pr > F
DOSE 3 151.4345476 50.4781825 0.23 0.8763
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General Linear Models Procedure 
Duncan’s Multip le Range Test for variable: ammonia excretion 

NOTE: This test controls the type I comparisonwise error rate, not 
the experimentwise error rate

Alpha= 0.05 df= 8 MSE= 224.2157 
Number of Means 2 3 4

Critical Range 28.16 29.36 30.06 
Means with the same letter are not significantly different.

General L inear Models Procedure
Duncan Grouping Mean N DOSE

A 34.00 3 1
A 26.98 3 5
A 26.04 3 10
A 24.90 3 0
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General Linear Models Procedure 
Class Level Information 

Class Levels Values 
DOSE 4 0 1 5 1 0  

Num ber of observations in by group = 12

Dependent Variable: am m onia excretion

.......... ...........................................S A L = 30  D A Y = 6 ..........................— ............

Source DF Sum of Squares Mean Square F Value Pr > F
Model 3 241.6572520 80.5524173 0.67 0.5919
Error 8 956.4218150 119.5527269
Corrected Total 11 1198.0790670

R-Square c.v. Root MSE NH3 Mean
0.201704 23.24787 10.93402 47.0323300

Dependent Variable: am m onia excretion
Source DF Type I ss Mean Square F Value Pr > F
DOSE 3 241.6572520 80.5524173 0.67 0.5919

Source DF Type III SS Mean Square F Value Pr > F
DOSE 3 241.6572520 80.5524173 0.67 0.5919
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General Linear Models Procedure 
Duncan's Multiple Range Test for variable: ammonia excretion 

NOTE: This test controls the type I comparisonwise error rate, not 
the experimentwise error rate

Alpha= 0.05 df= 8 MSE= 119.5527 
Number of Means 2 3 4

Critical Range 20.56 21.44 21.95 
Means with the same letter are not significantly different.

General Linear Models Procedure
Grouping Mean N DOSE
A 53.777 3 10
A 48.426 3 0
A 43.008 3 5
A 42.919 3 1
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........ .............-----.............. SAL=30 D A Y = 9 ....................................
General Linear Models Procedure 

Class Level Information 
Class Levels Values 
DOSE 4 0 1 5 1 0  

Num ber of observations เท by group = 12

Dependent Variable: am m onia excretion
Source DF Sum of Squares Mean Square F Value Pr > F
Model 3 3240.895517 1080.298506 8.75 0.0066
Error 8 988.045623 123.505703
Corrected Total 11 4228.941140

R-Square c . v .  Root MSE NH3 Mean
0.766361 14.78961 11.11331 75.1426979

Dependent Variab le: am m onia excretion
Source DF Type I ss Mean Square F Value Pr > F
DOSE 3 3240.895517 1080.298506 8.75 0.0066

Source DF Type III SS Mean Square F Value Pr > F
DOSE 3 3240.895517 1080.298506 8.75 0.0066
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General Linear Models Procedure 
Duncan's Multiple Range Test for variable: ammonia excretion 

NOTE: This test controls the type I comparisonwise error rate, not 
the experimentwise error rate

Alpha= 0.05 df= 8 MSE= 123.5057 
Number of Means 2 3 4

Critical Range 20.90 21.79 22.31 
Means with the same letter are not significantly different.

General Linear Models Procedure 
Duncan Grouping Mean N

A 102.227 3
B 74.334 3
B 62.651 3

DOSE
5
1

0
B 61.358 3 10
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General Linear Models Procedure 
Class Level Information 

Class Levels Values 
DOSE 4 0 1 5  10

Num ber of observations in by group = 12

............S A L = 30  D A Y =12 ...... .................... ..............

Dependent Variable: am m onia excretion
Source DF Sum of quares Mean Square F Value
Model 3 452.4945657 150.8315219 0.46
Error 8 2606.3511591 325.7938949
Corrected Total 11 3058.8457248

R-Square c.v. Root MSE NH3 Mean
0.147930 36.05290 18.04976 50.0646600

Dependent Variab le: ammon ia excretion
Source DF Type I ss Mean Square F Value Pr > F
DOSE 3 452.4945657 150.8315219 0.46 0.7159

Source DF Type III SS Mean Square F Value Pr > F
DOSE 3 452.4945657 150.8315219 0.46 0.7159

Pr > F 
0.7159
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General Linear Models Procedure 
Duncan's Multiple Range Test for variable: ammonia excretion 

NOTE: This test controls the type I comparisonwise error rate, not 
the experimentwise error rate

A lphas 0.05 d f= 8  MSE= 325.7939 
Number of Means 2 3 4

Critical Range 33.94 35.39 36.24 
Means with the same letter are not significantly different.

General L inear Models Procedure
Duncan Grouping Mean N DOSE

A 57.92 3 10
A 50.88 3 5
A 50.77 3 1
A 40.69 3 0
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ภาคผนวก ซ
ผลการวิเคราะห์ข้อมูลทางสถิติ

การตกค้างของยาปฏิชีวนะออกซีเททราชัยคลินในเนื้อกุ้งกุลาดำที่ความเค็มต่าง ๆ

General Linear Models Procedure 
Class Level Information

Class Levels Values
DAY 4 1 7 14 16
SALINITY 3 10 20 30
DOSE 4 0 1 5  10

Num ber of observations in data set = 144

NOTE: Due to m issing values, only 140 observations can be used in this 
analysis.

Dependent Variable: OCT residue
Source DF Sum of Squares Mean Square F Value Pr > F
Model 47 21.65525518 0.46075011 3.50 0.0001
Error 92 12.10857160 0.13161491
Corrected Total 139 33.76382678

R-Square c.v. Root MSE OCT Mean
0.641374 107.0715 0.362788 0.33882755

Source DF Type I s s Mean Square F Value Pr > F
DAY 3 1.00233538 0.33411179 2.54 0.0614
SALINITY 2 0.37926564 0.18963282 1.44 0.2420
DAY*SALINITY 6 0.83909158 0.13984860 1.06 0.3908



10 0

DOSE 3 14.73007186 4.91002395 37.31 0.0001
DAY*DOSE 9 1.29668573 0.14407619 1.09 0.3745
SALIN ITY*DO SE 6 0.93235852 0.15539309 1.18 0.3235
DAY*SALIN ITY*DO SE 18 2.47544647 0.13752480 1.04 0.4198

Source DF Type III ss Mean Square F Value Pr > F
DAY 3 1.23324463 0.41108154 3.12 0.0297
SALINITY 2 0.54328832 0.27164416 2.06 0.1328

General L inear Models Procedure 
Dependent Variab le: OCT residue
Source DF Type III SS Mean Square F Value Pr > F
DAY*SALIN ITY 6 1.11209865 0.18534977 1.41 0.2199
DOSE 3 15.42033441 5.14011147 39.05 0.0001
DAY*DOSE 9 1.53543926 0.17060436 1.30 0.2497
SALIN ITY*DO SE 6 1.05980432 0.17663405 1.34 0.2467
DAY*SALI N ITY*DOSE 18 2.47544647 0.13752480 1.04 0.4198

General L inear Models Procedure 
Duncan's Multiple Range Test for variable: OCT residue 

NOTE: This test controls the type I comparisonwise error rate, not 
the experim entw ise error rate

Alpha= 0.05 df= 92 MSE= 0.131615 
W ARNING: Cell sizes are not equal.

Harmonic Mean of cell sizes= 34.97143 
Num ber of Means 2 3 4
Critical Range 0.173 0.181 0.187 

Means with the same letter are not significantly different.
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Duncan Grouping Mean N D4
A 0.4172 34 7
A 0.4008 36 14
ธ, A 0.3376 34 1
ธ 0.2039 36 16

General Linear Models Procedure
Duncan's Multiple Range Test for variable: OCT 

NOTE: This test controls the type I comparisonwise error rate, not 
the experim entw ise error rate

Alpha= 0.05 df= 92 MSE= 0.131615 
W ARNING: Cell sizes are not equal.

Elarmonic Mean of cell sizes= 46.66187 
Num ber of Means 2 3
Critical Range 0.149 0.157

Means With the same letter are not significantly different.

General L inear Models Procedure 
Duncan Grouping Mean N SALINITY

A 0.4100 46 30
A 0.3135 47 20
A 0.2945 47 10
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General Linear Models Procedure 
Duncan's Multip le Range Test for variable: OCT residue 

NOTE: This test controls the type I comparisonwise error rate, not 
the expenm entw ise error rate

Alpha= 0.05 df= 92 MSE= 0.131615 
W ARNING: Cell sizes are not equal.

Harmonic Mean of cell sizes= 34.98571 
Num ber of Means 2 3 4
Critical Range 0.172 0.181 0.187 

Means with the same letter are not significantly different.

General Linear Models Procedure 
Duncan Grouping Mean N DOSE

A 0.8185 34 10
ธ 0.4684 35 5
c 0.0803 35 1
c 0.0111 36 0

General Linear Models Procedure 
Class Level Information 

Class Levels Values 
DOSE 4 0 1 5 1 0

Num ber of observations in data set = 144 
NOTE: Due to m issing values, only 140 observations can be used in this

analysis.



10 3

General Linear Models Procedure 
Dependent Variable: OCT residue
Source DF Sum of Squares Mean Square F Value Pr > F
Model 3 14.61495827 4.87165276 34.60 0.0001
Error 136 19.14886851 0.14080050
Corrected Total 139 33.76382678

R-Square c.v. Root MSE OCT Mean
0.432858 110.7448 0.375234 0.33882755

Source DF Type I ss Mean Square F Value Pr > F
DOSE 3 14.61495827 4.87165276 34.60 0.0001

Source DF Type III SS Mean Square F Value Pr > F
DOSE 3 14.61495827 4.87165276 34.60 0.0001

General Linear Models Procedure
Duncan's Multiple Range Test for variable: OCT residue 

NOTE: This test controls the type I comparisonwise error rate, not 
the experim entw ise error rate

Alpha= 0.05 df= 136 MSE= 0.140801 
W ARNING: Cell sizes are not equal.

Harmonic Mean of cell sizes= 34.98571 
Num ber of Means 2 3 4
Critical Range 0.178 0.187 0.193 

Means with the same letter are not significantly different.
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General L inear Models Procedure 
Duncan Grouping Mean N DOSE

A 0.8185 34 10
ธ 0.4684 35 5
c 0.0803 35 1
c 0.0111 36 0
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ประวัติผูวิจัย
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