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Table 1 Nutrition composition of shrimp shells (as feed basic)

Nutritional composition (%)

Dry Crude Ether Ash Crude Calcium Total Chitin Energy
Matter protein extract fiber phosphorus (KcalZkg)
95.40' 5695 451 24.46' 1318 - - - -

- 3932° 0947 2673 2975 6.05° 0.97° 3044 1,350°
9213° 2403 514 2560° 2689 1669 0.85° 1870° 938
9127" 5347 3.42° 16.80 1.18° 0.74" 0.31° - 1,312°

- 4630°  9.04° 17.04° 4.30° 7.00° 3.03° 982"  2,500°

- 36.60° 1030°  28.50° 9.60° 0.57° 0.95° - -

1,032.1°

Sources: Chimsang et al. (2006)", Khempaka et al. (2006) Mahata et al. (2008)", Ojewola and Udom (2005)4,

Okoye et al. (2005)° and Adeyeye et al. (2008)°
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Fig. 1 Chemical structure of chitin and chitosan

Source: Surawattanawan (2001)
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N139ATUATY 91ANT5ITLV0 Yin et al. (2010)
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Table 2 Physical and chemical properties of chitosan
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g1gu walua agu uaz 917 1Dusiu

Physical property

Chemical property

- Is a natural polymer
- Easy to use.
-Biodegradable and Biocompatible

- Low toxicity

- It has a positive charge, so it attaches to the surface of

the negative charge.

- Increased absorption through the mucous membranes.

- Less melting at high pH (pH 7.4)
- High viscosity

Source: Mohamed et al. (2005)
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Table 3 Effect of chitosan on growth performance in pigs
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fueglitudAgyn1eana (P<0.05) (Table 3)

Level of chitosan ADG/g ADFi/g F:G/kg
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2 g/kg 502" 855’ 171"
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0.1 % 722° 1.749" 2.49°

Finishing pig 200 ppm 1,060' 1,276' 242"
0.1% 886" 3.124" 353"

Source: 1Subthavvapotboon et al. (2009), “Senkwankaew et al. (2015), *Chen et al. (2009),4Han et al. (2007),
"Liu et al. (2008), *Xu et al. (2014), 'Zhou et al. (2012) and "Jiao et al. (2015)
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nssenvesudanaellingisnyseu wuin waanaaeld
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Percentage of seed germination
oBN8¥B8E33I88E

Fig. 1 Seed germination percentage of C. aloifolium

on MS and ND medium for 30 days
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Fig. 2 Development of protocorms after 4 weeks

of culture on MS and ND medium, Scale bar =05am
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TUslnmasundraldiUnnzisnzsau
lunsfinynavesansauaumsasaivlaseants
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Fig.3 Shoots and roots formation of C. aloifolium
protocorms after cultured on ND medium
supplemented with growth regulators for 90 days
(A) Cultue on ND medium supplemented
with 1 mg/L BA (B) Cultur on ND medium
supplemented with 1 mg/L NAA and 5 mg/L Kn,

Scale bars = 1 cm

Fig.4 Seedlings development of C aloifolium (A)

after cultured on ND medium supplemented
with 1 mg/L NAA and 5 mg/L Kn for 90 days.
(B) Plantlets transplanted to pots containing
coconut husks chops under greenhouse

condition for 30 days, Scale bars = 1lcm
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Tablel Effects of growth regulators NAA, BA and Kn on average number of shoots, roots and height of

C aloifolium protocorms

Growth regulators (mg/L) Average number of Average number of Plant height
NAA BA Kn shoots per protocorms + SD  roots per shoot + SD (cm) £ SD
0 0 0 4.87+0.17° 1.33+0.13° 4.48+0.19
0 1 : 7.27+40.25° 0.60+0.16"" 4.9340.15"
0 3 - 7.2040.24% 0.53+0.13" 3.87+0.13
0 5 - 6.93+0.33"° 0.27+0.12" 1.60+0.13"
0.5 0 - 4.27+0.15" 2.20+0.11° 10.2020.20°
05 1 - 6.7320.15™ 1.93+0.15° 57340.15°
0.5 3 - 587+0.13° 0.87+0.19° 4.93+0.15"
0.5 5 - 593+0.18" 0.20+0.11" 2.80+0.14"
1 0 - 4.47+0.13%" 213+0.17° 3.07+0.18"
1 1 - 567+0.13° 2.13+0.13° 3.20+0.17"
1 3 - 5.00+0.14° 0.07+0.12" 3.07+0.12"
1 5 4.60+0.13"" 0.20+0.11" 1.73+0.15'
0 1 567+0.16° 0.60+0.13" 6.13+0.09°
0 - 3 6.53+0.17° 0.47+0.13% 527+0.15"
0 - 5 573+0.12° 0.20+0.11" 4.27+0.11"
0.5 - 0 547+0.13° 227+0.12° 6.67+0.12"
0.5 - 1 5.00+0.09° 267+0.13" 7.07+0.11°%
0.5 - 3 4.07+0.12" 1.07+0.18" 8.27+0.11°
0.5 - 5 373+0.15" 2.07+0.15° 7.27+0.15°
1 - 0 4.00+0.09” 233+0.16" 9.00+0.09°
1 - 1 3.80+0.11" 2674021 9.13+0.13°
1 - 3 4.13+0.13"™" 3.07+0.23" 10.07+0.15"
1 - 5 4.27+0.12" 3.40+0.19" 12.47+0.23°
Significant * * *

Note: Means followed by the same letter within each column are not significantly different according to Least

Significant Difference (LSD) tests at 95 percentages
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Table 1 The results of comparison of mean scores of knowledge about cultivation of Kaentawan plant of

villager were before and after training. (n=30)

Knowledge Before training after training df t p
P% S.D. degree p% S.D. degree
Knowledge 12.33 12.47 least 28.90 1.47 most 29 -6.932 | <.00%
(Full score 30) | (41.10%) (96.33%)

*The level of statistical significance 0.05

Table 2 The results of comparison of mean scores of opinion about cultivation of Kaentawan plant of

villager were before and after training. (n=30)

Opinion Before training after training df t p
§ S.D. degree p% S.D. degree
Opinion 2.10 0.42 | uncertain 2.89 0.05 | favorable | 29 -10.180 | <.00*
(Full score 3)
*The level of statistical significance 0.05
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Table 1 Plant height of Chinese kale at 20-55 day
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(Prado, 2013)

Height of plant (cm)

Treatments
20 Days 27 Days 34 Days 41 Days 48 Days 55 Days
Without fertilizer (control) 6.82 7.27 8.66 13.29™ 19.38" 25.00b°
Fresh Indigo sludge 6.38 6.86 8.42 13.88" 19.67° 2280
Indigo sludge compost 6.00 6.71 9.32 1738 26.57° 35.19°
Cow dung manure 6.47 7.05 8.19 15.29” 21.05" 28.36"
F-test ns ns ns * * **
C.V. (%) 10.56 9.68 9.09 8.41 9.72 10.49

YMeans within colurnns with different letters are significantly by DMRT

ns= non-significant, *significantly different at P<0.05, ** significantly different at P<0.01
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Table 2 Width of canopy of Chinese kale at 20-55 day

Width of canopy (cm)

Treatments
20 Days 27 Days 34 Days 41 Days 48 Days 55 Days
Without fertilizer (control) 4.51 6.01 7.16 12.09°" 16.35" 21.93"
Fresh Indigo sludge 4.64 5.76 7.42 12.12° 16.38" 21.36"
Indigo sludge compost 4.47 6.10 8.19 15.95" 23.04° 28.92°
Cow dung manure 4.66 5.60 7.78 12.81° 18.90° 25.81°
F-test ns ns ns ** ** **
CV. (%) 9.11 6.12 11.35 8.49 11.17 9.33

YMeans within columns with different letters are significantly by DMRT

ns=non-significant, **significantly different at P<0.01

Table 3 Number of leave of Chinese kale at 20-55 day

Number of leave per plant

Treatments

20 Days 27 Days 34 Days 41 Days 48 Days 55 Days

Without fertilizer (control) 2.17 2.56 3.56 5.29 5.94 6.44°"
Fresh Indigo sludge 2.25 2.65 3.81 5.58 6.31 6.46°
Indigo sludge compost 2.13 2.58 3.94 5.86 6.38 7.15°
Cow dung manure 2.23 2.73 3.71 5.61 6.09 6.52b

F-test ns ns ns ns ns *

C.V. (%) 5.96 7.98 6.26 4.71 7.15 3.80

“Means within colurns with different letters are significantly by DMRT

ns= non-significant, *significantly different at P<0.05

Table 4 Yield of Chinese kale

Fresh weight Dry weight
Treatments
(g/plant) (kg/rai) (g/plant)
Without fertilizer (control) 68.52"" 1,752.75° 5.85
Fresh Indigo sludge 52.80° 1,350.00b 5.75°
Indigo sludge compost 118.49° 2,859.25° 9.56°
Cow dung manure 70.16" 1,899.20° 6.31"
F-test ** » »
C.V. (%) 24.00 29.37 22.94

“Means within colurns with different letters are significantly by DMRT

*significantly different at P<0.05, **significantly different at P<0.01
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Fig.1 Chinese kale at 55 day in field without fertilizer (A),fresh indigo sludge (B)

indigo sludge compost (C) and cow dung manure (D)

1

Fig.2 Chinese kale at 55 day without fertilizer (T1), fresh indigo sludge (T2),

indigo sludge compost (T3) and cow dung manure (T4)
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Fig. 1 Map of Subdistrict area in Nong Sue District,
Pathum Thanee Province

Source: District contact center (n.d.)
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Fig. 3 Rice growing in paddy field in Nong Sue

District, Pathum Thanee Province
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District, Pathum Thanee Province
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Fig. 5 Chemical fertilizer and pesticide application
in paddy field
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Table 1 The height at 30, 60, 90, 120, 150, 180, 210 and 240 days after planting of Kasetsart 50 cassava

cultivated in Donhun Village, Thasonhkhon Sub-District, Muang District, Maha Sarakham Province

between May 2014 to February 2015.

Treatments Plant height (cm)

30 days 60 days 90 days 120 days 150 days 180 days 210 days 240 days
T1 235 443 68.0 11567 161.2° 167.0 180.0° 179.0°
T2 255 46.3 75.6 143.4° 174.5° 203.2 246.7° 246.7°
T3 24.3 475 78.0 130.6” 156.3" 181.2 197.4° 197.4°
Ta 24.0 44.6 75.0 144.2° 171.6° 200.0 237.9° 237.8°
F- test ns ns ns * * ns * *
C.V. (%) 7.7 4.1 6.9 2.26 9.3 11.1 8.2 9.3

Remarks : no application of fertilizer (T1), chemical fertilizer formula 15-15-15 at the rate of 50 keg/rai combined with fertilizer

formula 15-7-18 at the rate of 50 kg/rai (T2), high quality organic fertilizer at the rate of 400 kg/rai (T3), high quality organic

fertilizer at the rate of 200 kg/rai combined with chemical fertilizer formula 15-15-15 at the rate of 25 keg/rai + fertilizer formula

15-7-18 at the rate of 25 kg/rai (T4)
ns = No significantly

*= Significantly different (P < 0.05).

¥ Mean values with the different superscript in each column are significantly different (P < 0.05).
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Table 2 The circumference of the base at 30, 60, 90, 120, 150, 180, 210 and 240 days after planting of
Kasetsart 50 cassava cultivated in Donhun Village, Thasonhkhon Sub-District, Muang District, Maha
Sarakham Province between May 2014 to February 2015.

Treatments Circumference of the base (cm)

30days 60days 90days 120 days 150 days 180 days 210 days 240 days

T1 21 45 76" 9.0° 12.7 14.1 15.1 15.7
T2 23 4.7 8.7 11.0° 13.2 14.3 15.2 15.8
T3 24 5.3 8.6° 9.9a" 12.6 13.9 14.8 15.4
Ta 23 5.0 8.8° 10.8° 13.1 14.6 15.3 16.0
F- test ns ns * * ns ns ns ns
C.V. (%) 7.3 6.1 3.2 3.7 3.1 3.2 2.5 2.3

Remarks : no application of fertilizer (T1), chemical fertilizer formula 15-15-15 at the rate of 50 kg/rai combined with fertilizer
formula 15-7-18 at the rate of 50 kg/rai (T2), high quality organic fertilizer at the rate of 400 keg/rai (T3), high quality organic
fertilizer at the rate of 200 kg/rai combined with chemical fertilizer formula 15-15-15 at the rate of 25 kg/rai + fertilizer formula
15-7-18 at the rate of 25 kg/rai (T4)

ns = No significantly

*= Significantly different (P < 0.05).

¥ Mean values with the different superscript in each column are significantly different (P < 0.05).

Table 3 Width of the circumference of the bush at 30, 60, 90, 120, 150, 180, 210 and 240 days after planting
of Kasetsart 50 cassava cultivated in Donhun Village, Thasonhkhon Sub-District, Muang District, Maha

Sarakham Province between May 2014 to February 2015.

Treatments Width of the circumference of the bush (cm)

30days 60days 90days 120 days 150 days 180 days 210 days 240 days

T1 46.0 109.3 122.1 1502 170.0° 180.7 192.0 201.4
T2 46.8 101.5 126.2 156.1° 173.0™ 183.4 193.0 203.0
T3 46.2 111.0 124.0 158.6° 174.2° 183.2 193.0 201.0
Ta 474 108.0 1273 153.0° 174.0° 184.0 193.3 203.1
F- test ns ns ns * * ns ns ns
C.V. (%) 2.1 4.0 4.6 1.2 1.0 0.9 0.9 0.8

Remarks : no application of fertilizer (T1), chemical fertilizer formula 15-15-15 at the rate of 50 kg/rai combined with fertilizer
formula 15-7-18 at the rate of 50 keg/rai (T2), high quality organic fertilizer at the rate of 400 keg/rai (T3), high quality organic
fertilizer at the rate of 200 kg/rai combined with chemical fertilizer formula 15-15-15 at the rate of 25 kg/rai + fertilizer formula
15-7-18 at the rate of 25 kg/rai (T4)

ns = No significantly

*= Significantly different (P < 0.05).

¥ Mean values with the different superscript in each column are significantly different (P < 0.05).
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Table 4 The roots fresh weight, roots dry weight, shoot fresh weight, shoot dry weight and starch content of

Kasetsart 50 cassava cultivated in Donhun Village, Thasonhkhon Sub-District, Muang District, Maha

Sarakham Province between May 2014 to February 2015.

Treatments Roots fresh Roots dry Shoot fresh Shoot dry Starch content
weight (kg/rai)  weight (kg/rai)  weight (kg/rai)  weight (kg/rai) (% dw)

T1 3,018.7 1,046.1° 638.0° 286.9° 72.79°

T2 4,016.0 1,701.7° 2,446.0° 1,043.9° 75.20°

T3 3,776.1 1,603.1° 1,501.2° 451.5" 74.38"

T4 4,309.4 1,749.8° 1,891.4% 573.0° 72.97°

F- test ns * * * *

C.V. (%) 13.4 13.82 28.0 26.0 0.5

Remarks : no application of fertilizer (T1), chemical fertilizer formula 15-15-15 at the rate of 50 keg/rai combined with fertilizer

formula 15-7-18 at the rate of 50 kg/rai (T2), high quality organic fertilizer at the rate of 400 ke/rai (T3), high quality organic

fertilizer at the rate of 200 kg/rai combined with chemical fertilizer formula 15-15-15 at the rate of 25 keg/rai + fertilizer formula

15-7-18 at the rate of 25 kg/rai (T4)
ns = No significantly

*= Significantly different (P < 0.05).

¥ Mean values with the different superscript in each column are significantly different (P < 0.05).
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(Multiple regression analysis) lngi5n13UsUanfALUs
(Backward  elimination) (Kaiyawan, 2014) §Ukuy

@
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Y = g + B1Xy + B2Xz + B3Xz + -+ B17X1y
+ ¢

Tagmuualn

Y wungie nsusuivenenIng

a, Mneda AAsdi
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X yunefs dudsdase loun e (X)) 818 (X,)
Nsfn® (X,) Uszaunisalugndng (X,) Fruiuaandn
Tuasusou (X 5196 (Xy) ﬁu‘ﬁlﬂqﬂ“ﬁn (X;) USuu
HARER (Xg) T1UIUUTINU (Xo) AUNUNITHER (X;)
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Tablel Descriptive statistics

Variable Mean Maximum  Minimum S.D.
X, 52.94 82.00 26.00 10.90
X3 7.46 16.00 0.00 397
X4 25.36 69.00 2.00 15.71
Xs 3.92 11.00 1.00 1.63
Xs 157050.00  1500000.00  12000.00  137990.60
X; 38.21 290.00 4.00 30.70
Xg 708.02 1000.00 350.00 115.19
Xy 3.70 11.00 1.00 2.17
Xio 4191.52 6600.00 2000.00 849.44
X 208939.60  2000000.00 0.00 279333.60
Xi6 14.51 20.00 8.00 2.08
Xi7 3.65 5.00 0.36 0.67

Note = X; X;, X3 XysandXjsare dummy variables.
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Table 2 Adaptation to drought situation

Farmer adaptation Mean  S.D. Level

Production adaptation 2.24 1.26 Low
Economic and 2.58 1.16  Medium
livelihood adaptation

Community and social 2.40 1.18 Low
participation in

managing of drought

situation

Total average 2.41 1.20 Low

Table 3 Multiple regression analysis

Variable  Coefficient S.E. t-statistics Prob.

a, 0.69 054 128  0.20
X, -0.01 001  -291  0.00
X, 0.05 001 322 0.0
X, 0.00 000 180  0.07
Xo -0.11 002  -4.84  0.00
X, 0.26 013 196  0.05
X 0.27 012 235  0.02
X1 0.11 002 463  0.00
Xy7 0.21 007 297  0.00

R°-=038 DW.=203 F-statistics = 23.65
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Efficiency Improvement for the Supervision of Agrochemical Shop to Reduce

Pesticide Residue Problem in Agricultural Commodities
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Abstract

The objective of this study aim to improve the efficiency for the supervisions of the agrochemical (pesticides) shops and
reduce a pesticide residue problem in agricultural commodities. The analyzed data was collected from existing documents and
stakeholder interview. The target population of stakeholder were selected by using selective sampling including, Government
officers from the Office of Agricultural Regulatory and a few agency under the Department of Agriculture, 49 sellers in
agrochemical shops from 9 provinces (as a representatives of Thailand namely, Ayudhaya, Suphanburi, Kanchanaburi,
Ratchaburi, Srisaket, Chiang Mai, Chanthaburi, Krabi and Nan), agrochemical producers, farmers, NGOs as well as the officers from
the local governments at foresaid provinces. Also, the training program for agrochemical vendors was evaluated. The results of
the study were concluded as guidelines for the supervisions of the agrochemical shops that the agrochemical shop should have
a qualified person, who must be able to work at the shop regularly, giving the suggestion on chemical utilization and have
education background related to plant protection or production, the compulsory education level should be defined as a
minimum requirement of persons from agrochemical shops who will participate in training program for agrochemical vendors
and the agrochemical shops should have a report of selling or buying agrochemicals to provide to government officers. For
more efficiency improvement, the government agencies should have more alternative measures such as enhancing
collaboration between the authorized government offices and local administrative offices, empowering for agricultural
inspectors, supporting agrochemical shops to be agents for personal protective equipment and promoting to use it properly and

finally agrochemical producers should be responsible for safe chemical use training to the farmers directly.

Key words: Agrochemical shop, Agrochemical residual and Chemical management
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Table 1 Number of interviewed agrochemical
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1973917 Aalz IeImansuazinalulad un)ineraeTIvagmans o.des a.awy3 15000

UNANED

[

SRRk

o

TguszasdileAnuiuTouifisudssannmansafaetvannudaugua (Tamarindus  indica)
Tuuia Wurraya paniculata) TuTwn (Senna siamea) waznaNzINd® (Diospyros mollis) Tun1saindrsaune sl
nau strongyles YosunzuaNmdnd (in vitro) n1snsiadeuNavesaiavieIuIInwuinuzy luwia Tudwmdn uavna
wzinde Annududu 1, 10, 20 way 40 fadnsu/fadans Wisuisuiugdeneisloneduiniu® Aanududu 0.25,
0.5, 1 uay 2 Nadniu/ladans AoNITANEVRIAIBIUTBINGIS stronglyes UBsUNE asInUNTuanTAnee) Tunaen
naaed Wuszezian 3, 6, 12 uay 24 Falus nuiasataanudausaunazarsasnanlusduduaisadaid
UszAnBawiliiAanismevesingeuneislungu strongyles gegn (100% 7 12 $2las) sesasndoarsadaanly
N (100% 7 24 Falus) uaransatnarnuauzinde (90% 1 24 2lu) egrslsfimuansatnanasulng 4 viingsd
UsravSanlunisendaseuneidiniendieneislenesidaiu® (100% i 3 49lu9) arnuanisvaastuandliiuii
aunsnthansafnanudauzen wagluuisnlimaunumsldonmens3iadudnuuamadenvilslunisauaunes

snaulungu strongyles Yadune

ArdAey: une, nesmnaulunay strongyles wagansarinayulng

* Y Ya 1 . .
QL‘UWIMWWEJ: E-mail: ngamsomd@gmail.com
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Unin

mﬁL??mLLwﬂuﬂﬁzwm"l,mjzhuiwglﬂuﬂmgm
TusguuyaesliungmAUBWNUYIENSITNYIR 9Ny
'{‘]z:gmmiﬁmwm%mfﬂmﬂuﬂzymﬁwﬁzymmmn?ﬁuw
wnsfiinansznudeUszdnsainnisuan
(Wongdachkajorn, 2007) FannsianeSluwnginuly
é’mswﬁqw%amswuﬁwmuiﬁiwm%’Luqamszﬂ'Lﬂ'wﬁu
agnesInEmdinsiiendiene s fnaunannnisiass
wuuldesivilidniilonadane sldunnninnisides
wuud (Apichartsarangkul et al.,, 2003) AINUTULTS
YpalsparduNusSAuAIINNaINUaIgvIslang1d
USInaunsianeBuasnsaansaunnsLass 918 Uy
agiug 31nTIenusnIINTAnneSinasluninfy
mmﬂugmmwEimuﬁuﬁ:ﬁymﬁaqLLazLszqﬂmau

wudowadinayleu wudungiudiuilosasiany

3

a s

sumusien1sianesladniungiudgnaan lnouny
stusiuilosaziidnauldvomesinaulugaasziade
491 Woe/n3u (egg per gram; EPG) usikngiuggnuay
25% wag 50% wnuusinalingsinaulugaansely
USunaw 1982 uar 2320 EPG  @1u@lnu
(Kachapakdee et al., 1993) weisiiasnsaugnydelu

3

ﬂmﬁyml,l,wsumﬁqm Ao nesnely Fauteendu 3
nau lawn werddnau wersluldidu waswenseasia
wedsnaudune13fisunsowaradiennudens
wnilgn Fsflsrsaunmsenanuldvesmeniinaulu
nau strongyles Tuungdaninassysie 93.85%
(Sangvaranond et al., 2010) sasasuTunesluliisu
drung1smnneaneliinanudsrielduintn ns
faneSainanu1sialussuumaiue msneliing
ansidonmns dwalinsadaivlnanas nandnu
waziiipanas (Wongdachkajorn, 2007)
Pagdunisaivauuazidanersainauludnd
WAendes fnsldelungs anthelmintics drug Fadu
asedl dleldonarifluuug Aelhindgmmensiia
ﬂ”l‘i%@‘c’ﬂ (Apichartsarangkul et al., 2003; Saeed et
al., 2007) miﬁ’lﬁ%agﬂwaﬁmiw&ﬂuﬁmﬁlu 39A19N 3

Usgansawlunistdnuldifeasanarslusianieunly
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Tumsaenensdniideadunmadeniiannsanauny
nsldendrene3nduaisiedl denndosfunuanuns
sun3diguilnadosnisnananmanisinunsidinng
Uaenste Usirannsduideuvesansiadl uavdwaan
msidnegene3iduasiaiainssymedae 3
eumsldayulnsnanestialunisidanesludni
1oun wanzLnde (Diospyros mollis) yu1a 1 N5/
dwdnld 1 Alandu fuszavsamalunisindanets
Tddeululnld TnalAssivearene3Ues@u aun
015 n¥uslniald 1 Alan¥u (Sritong, 2005)
wenaniudavewzuilagrslunmsiuneBidennaou
AumIBauYRINEs Meloidogyne inconita wuinlaua
Mends 48 Falue wazdaiinanenisansiuaulinen?
nn Raillietina spp. Tuln 77% laefiuss@nsnin
fndneranenesiituuailaa (Sookprasert et al.,
2006) sreeulszansamlunisiidaneiddinanlu
ungvesAnsyy Selinaanuazarunudauling s
Igoghefiuszansam maansldwdausunaluniseie
weBHduvuAninsTedndienes daldunuade
373 uay 1.47 vw/abmdnune 1 Alandy audadu
(Sooksawad et al., 2013) uammﬁé’aﬁiwmu’hmﬁ
afnnluuia wazlulvdn sengridemenSsnasled
(Wongsawad and Wongsawad 2005; 2007) d5181974
a1seengnslunauzinde Ao diospyrol @15d9¢
WasuuadliFuilegnuas anudeu viess deaziin
Wuaswan hydroquinone lag quinones {14 it
aiddudnenens (Sritong, 2005) dlu Waen wazudy
Fndn WUA1TdAYAD anthraquinone ﬁaﬁqw%ﬂ.ﬂum
5%U18 (Prathanturarug and Saralamp, 2004) lugeu
LAZABNTIMEN NuansUITIRea (barakol) 1Huansiidlsa
yudedigninsedunisuoundu uagauisnannsdn
(Sukma et al., 2002)
WINLAYATNTAINITAUIE @ ANEIU (crude
extract) vosfiwayulnsinar B ududivayulnsly
viatusldenemeSluunsldl awlunstioandumuly
nsdesgune (idedsieansinuUszavBawansarte
werunNazinde winuzein Tuuta warlutndn

Tun1591MeNSAINAUIINMIUAUDIMITENE UBNHIFA
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(in vitro) Bap1anisitaginfeyaludssendldlunis
muaslsangSlusuanienisduasuimuinisides

UnzYonEnINIAoly

A5aliuns3e

1. Maseaasafnnnayulng
< < o g =
1.1 Nuaauzey Tuwnd TUTan wasHa
1znae (Nawndud) Turrafeuluinudauwiey 2558
1.2 WAANLIIUABIAINDUIINZWNELIUFDNBAN
WAUALAA L ULENTINEIMNzIUAaneankd 200 N3y
Tazden Audnauusuins 700 Hadans Tusiwazlu

s

Imdndravhauazenn wasisliuie dilusfnselu
Fvdnuin 200 n¥u induderdestiuldazdon futh
nduUsnns 700 fadans wavsnded udutubng
dlumnuis uanauginde 200 n3u Fewadeatluly
asiBon futhnduu3ums 700 fadans

1.3 dhansazarelude 1.2 11N59398H1919U9
Wansazanefilaundumiiedt 5,000 seu/uni Wuraan
20 Wit Wrdau supernatant ldanszimetineandae
\ASessEIMELUARALAY Tionumgdl 45-50 C Tagral
Auuestatimiuea onsidu 2:1 Lﬁamaamﬁmlﬁam
voai asataiisnuvasdunuds shansataiiuialy
Faminudailussglurautufvansatalilugon
ARy
2. MInagauNavaLaTainaInayulnsAanTain
wesAINaNTUNIBALDINIT

iU9819999152uNEM 81582300 ULAEAT
NNNINUN (per rectum) VBN 71U 22 67 91N
Wsu 3 wits luduneimudan Sandaany3 nuly
gananadin wieudeudeyaifeatunisiiufedns
99915% Lusnwlaenisunidu (@ ‘O lethlumsiam
yinlunensinaunas strongyles LazINZLAL 8o
vaangr3ianauainlinerdinulugaansy (faecal
culture) wiadoens menafinisasadulauazuys
Igsmnunn zidssauasnasiufusseuszei 3
(Sangvaranond, 1998) wdndenianizsafiuduss Ing

wuaaealuauwIzLaes (petridish)  97uag 10 A7/
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o1MSiABTad (M199, sigma) 20 fladdns AIUAY
Qquﬁﬂ' 37 'C 5% CO, WagnTIEUSHTINITAIEVDS
frgeunesingl 3, 6, 12 uay 24 dalus lngdingy
Ay (Wldansadaiivayulng violildetlonesida
#u”) ngunnans naaeuivarsataivayulnsiinng
WYY 1, 10, 20 way 40 Naansu/fadans wiseenle
nesiiaiu® fmnududu 0.25, 0.5, 1 way 2 faanda/
1108803 wiaznqunsmaaewhnIMnges 3 41
3. nsUsziiunavasasafinanayulnsdanisaie
Yasngsanaulunafuenis

N19ATIVADUNITANYUDIAIBDUNYITNANTAUN
Im@mﬂmﬂﬂ%ﬂm N13And methylene blue w15
ﬁ”laim%ulm%gné’auﬁwﬁ 1% methylene blue
Wuan 1 unit lnsAdauiugndnseendetiinie
0.85%

AuaALUesuAn1sAe TneAanUssidud
SR8 MUNET SRIINNTANBVDIRISOUNETT al Tikaan
wazAududulaglUIeulisuiungualIunuves

P91

NaN15338

1. Msw3euasanaanayulng
n1swmseuasadinanayulng 4 ¥da wiey
Tugduvvuis 1ddndniivayulnsdogisay
200 nu Wisulsuiuthuinansasadiadalanuie
Wunsuuartumiuiadevazvesusuiuasann
(% yield) vesiigayulnsitegusazylla nuirAsey
asUSinaansataannudauzany Tunds lutmdnuas
NaNZINA® MNAU 20.34, 18.14, 15.14 uaz 10.85%
ARG
2. HATASENTANRIINIEANTUNRDFABaUSZEET 3 vas
We3TuNgGY strongyles VAN
AMIVAADINATESATIINWALTILTIsE R UAY
Wt 0, 1, 10, 20 waz 40 fadndu/faddns ren1sme
YBIRITOUVDINYITLUNGY strongyles waan1slvinsduda
fuansatnannudauzaalunaidieiud 3, 6, 12 uay 24

N9 BATATIVABUNITANYVDIAIBDUYBINY T LALNIS
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14 a

goud methylene blue (Fig.1) wudingu 0 dadinsu/
faddns 9310150188 9AI8aUNYITIWINTU 0% YN
P31 nqu 1 Hadinsu/dadans ddnsinismevesiigeu
NP 57, 73, 78 Uay 80% M1UAAU NqN 10
fadnsu/ladans d6nT1N15AN8VDIAIDDUNYITIVINAY
33, 57, 83 ¥ 90% MUA16IU Ngx 20 Tadnsu/diadans &
BNIINTTHNYYDIAIDOUNYITNAY 57, 80, 87 wag 93%
AUEWU uazngu 40 Tadnsu/diaddns ddnsinisaneves

FIEDUNYIBVINAU 60, 88, 100 waz 100% muasu (Fig.2)

A B

Fig. 1 The third stage strongyles larvae stained
with methylene blue. Dead larvae stained
in blue color (A; 200X) and live larvae

unstained (B; 200X)

Tamarindus indica seeds extract
100

80
60

40

Larvae mortality (%)

20

o —& ¢ 4 *—

3 hr 6 hr 12 hr 24 hr
== 0 Mg/Ml  exffes 1 Mg/Ml e 10 mg/ml
e 20 Mg/MU e 40 mg/ml

Fig. 2 Effects of Tamarindus indica seeds extract
on mortality of the third stage larvae of goat

strongyles at different incubation time

3. WAYRIE1SANAANTUAIABAIBaUSE LN 3 VB9
nwe3lunga strongyles vaaune
al Y]

NINAABINATRIEITannINTULAINITEAUAIIY

WHYUN 0, 1, 10, 20 way 40 Tadn5u/Aadans sans

212 M3EINUATNTSIF

MEVRIMIBDUVBINYITIUNGY strongyles naaN1T I
nsdudatuansadnainluuialunaidaiudl 3, 6, 12
uay 24 $2lus wudingu 0 fadnfiu/fadans d8nsIns
M8YBIIBaUNYITINITY 0% NNYIIaT ngu 1
Tadn3u/liadans 19951398 VRIRIBOUNETVNAY
37, 53, 73 uay 80% muawu nau 10 fadniu/
fadans 49nT1N19A18VDIRIDRUNENSWINAY 43, 60,
77 uag 80% aud1fu nau 20 Hadnsu/daddng &
BMIINIMEVBIFIBOUNBIVINA 43, 63, 83 Uay 83%
AUAGTU Wazngu 40 Tadnsu/ladans ddnsinisme
YDIRIVBUNYITLUIAY 80, 90, 100 wag 100%

aua1au (Fig.3)

Murraya paniculata leaves extract

—

[y
B (o) [ed o
o o o o

Larvae mortality (%)
[
o

o Lo o o >
3hr  6hr 12hr 24 hr

e 0 MG/Ml cffffes 1 M/Ml e 10 mg/ml
e 20 Mg/MI  esmdiéms 40 mg/ml
Fig. 3 Effects of Murraya paniculata leaves extract
on mortality of the third stage larvae of goat

strongyles at different incubation time

4. navasEnsatnnlulwmandefseuszesd 3 vas
WeSTuNgy strongyles Yasune
nsneasinavesasainanlutmdnitsysu
AT 0, 1, 10, 20 was 40 faandu/fadans de
N13AN8YRIFIBOUVBINETIUNGY strongyles AINTS
Wnsdudatuansatnanlutmanlunasiefiud 3, 6,
12 uaz 24 il wuings 0 fadn3u/Aladans Tone
NIMNLVBIMIBOUNYITIAY 0% NNTIIAT NaY 1
fadnsu/Alagans H9NI1N1TANEVDIFIBIUNYIBVINAU

22, 39, 65 uay 80% MMEwU Ngu 10 NadnIu/
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1addns LOMIINITA18VRIFIBDUNYITWINAY 23, 47,
75 uar 87% M1uaiu ngu 20 Aadnsu/fladdns 4
BRIINITANBVBIFIDDUNYITNIAY 30, 57, 83 way
93% PUAIRU warNgy 40 HadnTu/daddns dgns
N1IRNPUDIAIVOUNEIBINIAU 40, 60, 87 way 100%

aua1au (Fig.d)

Senna siamea leaves extract
100

g 80
g 60
£
o
E a0
&
> b
& 20 A
o o * * >~
3 hr 6 hr 12 hr 24 hr
== 0 Mg/ml  esfff== 1 mg/ml 10 mg/ml

e 20 ME/MI  amiem 40 Mg/ml

Fig. 4 Effects of Senna siamea leaves extract on
mortality of the third stage larvae of goat

strongyles at different incubation time

5. HAYAIAITANAINHANSLNADADAIDBUTLELA 3

voanwe5lungy strongyles Vo

P o

NINARDINAVDIANTANAINKNANLLNADNTLAU
AT 0, 1, 10, 20 way 40 faandu/fladans fe
N13AN8YRIRIBOUVBINETTIUNGY strongyles YAINTS
Timsdudatuansatnainuanzindelunaisdud 3,
6, 12 uay 24 Falus nudnau 0 adnsu/dadans
BNITINIIANYYDIFIBOUNYITVINY 0%  NNYINIAN
&y 1 Tadn3w/iladans 18ns1n15mevesmgaunens
Wity 24, 41, 65 uay 76% M1Na1au ngu 10
Jadnsu/dadans 4onIIN1TANEVBIRIBDBUNYITLYINAY
27, 47, 80 Ua¥ 87% M1NAGU NQY 20 HadnIu/
fadans T9ms1N1saevesfigaune svingu 30, 57,

83 Uay 88% MINEIAU Wagngu 40 Nadnsu/Uaddng &
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BNIINITANBVDIFITDUNYIBVINAY 40, 60, 88 LA

90% MUAWU (Fig.5)

Diospyros mollis fruits extract

100

g 80
£
£
(]
g 40
4]
g
5 20 =
=
o Lo o o >
3 hr 6 hr 12 hr 24 hr
e 0 Mg/Ml  cffffs 1 Mg/ml 10 mg/ml

el 20 Mg/MI e 40 mg/ml

Fig. 5 Effects of Diospyros mollis fruits extract on
mortality of the third stage larvae of goat

strongyles at different incubation time

6. navaserlarasidaiu’ dedisoussesii 3 vas
We15lungy strongyles VBN
msnnassnaveselonedidiaiu® Aszduaiy
WAuR 0, 0.25, 0.5, 1 way 2 daandu/dadans senis
AEVRIAIBDUVBINYITIUNGY strongyles MRIN1TIN
msdudatuenlenedidiaiu® lunaiiaiud 3,6, 12
uaz 24 2lug wuin ngu 0 dedndu/deddns T6men
N1IA18YBIFIDOUNYITVNNY 0% 9NYINIAT NG
0.25 Taansu/ladans J9nI1N1TAIEUVDIFIBOUNYND
Windu 40, 69, 90 uag 95% MIUA1RU Ngu 0.5
fJadnsu/dadans AnTIN1TAN8YBIAI08UNINTLYINAY
50, 79, 92 ua¥ 97% mwanu nau 1 Hadniu/
faddns A9MI1N1TM18989RI8UNYITLYINAY 67, 80,
95 uaE 97% MNUEIAU Uazngy 2 Tadnsu/iadans 4
9R35IN15A180eAI8UNY1TIvndY 100% 9N

21347981 (Fig.6)

IFAITVNYATNISITU 213

Volume 14 Number 2 July - December 2017



Prawarun Agr. J. Volume 14(2) 2017, Pages 208-216

Ivermectin®

100

80

60

40

Larvae mortality (%)

20

o — 4 > —
3 hr 6 hr 12 hr 24 hr

=== 0 mg/ml el 0.25 mg/ml
e 1 Mg/ml i 2 mg/ml

0.5 mg/ml

Fig. 6 Effects of lvermectin® on mortality of
the third stage larvae of goat strongyles at

different incubation time

3150iHaN15798

ansafmandauzey luuda Tudmén wa
wzinde wazenlonesidiniu® Suadenismevesfigeu
weslunnesseriian Tuwiagseauanududuves
A15anALary ANaRDSPUaUDINITANYVBIAID8U
s3e3dl 3 gemesuanansiy Tnsfinsaevesiisou
worstiuTy Wesyduaundudy wazsreziiand
Wy Fududvinasiuvesseiuanududuvesans
afauazeniusTeEa Sosarn1smevesiiseuss LT
3 ypanedlugasian 3 $alue Seaaaan 6 Halus 9z
Ao indu uwavgetudlodngtag 12 dalus uay 24
Falus Towasatnanudausvuwazluniviilsie
ANTANETRINETBWINAY 100% 7 12 Falus @1safngin
TutwmEnilfAnnIsaeeaneBwinfu 100% 7 24
F1lus wazansanmanuanznderiliinn1snieves
WeSWinAu 90% 7 24 Falus

aﬁiwqmmammaqmﬁmmm’mﬁuﬁswmudﬁw
M lFnseunaznsmzdonuddnndeasuinld
SuUsymuitedunendsanauld (Luangkobkit, 2002)

wagiinasonisaninuaulane 3@ada Raillietina spp.

214 MFEAILNYATNISIFU

Tuln 77%  Tesdiuszdndaindninenanenens
Hiuualea (Sookprasert et al., 2006)
luufdassnauniselunisungesie wiyn
Fon wiiuvies uarduay uarlutmdndassnaamies,
Tunisanenesuazunveeda (Thinkhaonoi,  2009)
uenniifseeunsifenuiasatadeiivessin
ndnuavuiafinasienissanens Stellantchasmus
falcatus wag Haplorchis taichui 1aa1ua16u
(Wongsawad and Wongsawad, 2007) @iulu den
LaTUAUTINEN wuaisddAe anthraquinone @il

qw%ﬁu&nismﬂ (Prathanturarug and  Saralamp,

¥
a1

2004) F99199INNANISNARBIASINAINARDNITAITA
NYISHY

o

& a' v i a
mmaaLﬂuauu"L‘wswmmmimﬂummawmﬁ

q

&

YN8 NYIBAIAA NYBLEUAY LATNEIDAINAN WATE
Tinaffignfunenduinue inwasnsfidosdnilald
uzindolumsaenedlansede wne ung aty wasdnd
3uq anseengnslunauzinde Ao diospyrol eﬁngﬂ
sandladldiraidewdu hydroguinone  waw
quinones 714 ﬁﬁqméﬁudwwmﬁ (Sritong, 2005)
ﬂﬁﬁﬂﬁmagulmﬁmdwluﬁm5"14 31A19 N3
Uszandamlunslanunaslidifnaisanansdusianie
wildlunisaenesdniasadudnmadeniiamisa
naununsidendienesmduansiadl sauadunis
WinyaAinvesiwayulnglésng anuanisdnuily
adsthunumadostulunisthansatamenuannadn
uzLaransannanluuta Feiluszansainlunisen
Wm%qqejmiﬂﬁﬁumLﬁammﬁﬂﬁgﬂausuanmiaaﬂqwé
selU datuasimsanwiseluludainaass (in vivo)
Wionsraeunanisaineslusidns naonaudne
Anuduiivredn? Lﬁaﬁﬂﬂqjmiwammiaﬁ’mﬂuaﬂﬁ

Tupwnean

a3Unan15IY

A3ANWINaTRIaATTanRIINWAANIY TuwA
TUTMEN WASHAULLNED FBNITANEVDIFIDDUNYNS

szgs 3 vawneAsIlidunisAnwiuandlidnd wie
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WisuisuussAnsninuesansatnainayulnsiia 4
#ia fugrgenedlonesideiu® nsmevesiiseu
wenSifindy dustusiudasnafidseunensdudanu
ansafaiindunasUsunanududuresaisaiai

WNTY asanmanudausunaslundi Idnenin Tu

nsgfseune Sganinansainainlulivinuas wa

yzinde nvansannainudausviuwazlunivinlmi
ATMNEVBINYITINNU 100% 71 12 93lue @1581mna1n

Tudwdnyinliminnisanevaanenswindu 100% 71 24

U9 LATEITANAINANANLLNA DY IANANITA18UDS

NYIBINAU 90% 71 24 F3L4

AnAnssuUsznd
HiduveveunseAndinuImMslasinsdaasy
n53dslugaufnwiias i iInede3Tourana

dtinaumnznssunIsnIsgaudne Nlalamualtivayu

15398 (5valasanis 181122)
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8.6dl99 9.4971875m U 44000
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A1U813 9.80+0.88 Lyufiuns lagldurduniungiiinnnududu 0,5 10, 15 uag 20 ppm wuMUITUNILUNg AL

Wiudu 0, 5 way 10 ppm Wiamnsavinlivargauld Yangnisudigssesi 2 (Stage of Loss Equilibrium) Tuaduidudy

a

1 15 ppm uag 20 ppm lngiinnududy 20 ppm wngauildlunisaauvaigniade fwaunsavibivaraaulusses

2 aelu 5 il ndsnmsdudaduinduniung wagaauuu ¢ Falus

v
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AU N159UAS N153UTIAUYAN (Songkaew et al.,
2007) n3en1saudaluAaNTINUIUTENIT LU N33
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wagiian1sAnLealsa (Areechon et al., 2011) endau
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v v
=

nAanssufiindulussninanisimizidsedniin
naauildludniihiinareedn uansstuiivinvesdn’
¥ UszaAnsninaetenaay wazisldiuanmneiu
(Chandroo et al. 2004; Huntingford et al., 2006;
Rose, 2002) enaaudidenldiusgnsunsnateilaniy
Jagtudwlng duenaaudszianasiadl 1wu MS-222
(TMS, tricaine methane sulfonate), benzocaine,
phenoxyethanol LWa¢ quinaldine \Judu (Ross and
Ross, 2008) gnaauwmanisinagyinliaanisnndsly

dndiuazursvialieugalildiuvaiibesd il

S o

9 sveeNywd Jvinlienaauiadaonayulnsdu

3

madenuiaiioannisandsludaiin (Taveekijakarn,
2007)

graauiduaisiadiivinlfiinensgade
AnudAnusdormualassaauTzIN g sy
Uszamarunanslududanisyiauveseaddszam
(Heavner, 1981) Umﬁgﬂmuda%Lﬁmmmm%'amiéfdw
oy lilariannisuiaiunazaneld anuasenay
dwaroszuuniduiulunismizidesdn i sraaugn
Yrunldlunisuds ietastueinsuiniu uaztiean
MIMINAY M TAINATTAINADINITODNT LA UANAY
wagn1sHanYesdetiouas (CO, Way NH,) (Cooke et
al., 2004; Crosby et al., 2006; Hoskonen and
Pirhonen, 2004) Ja3efiaziinasenisnnenaauniely
Tasimzaneiuguafiounalvglaeildududosld
anudiduresenaainniun e ifvunadn Tunis
pssfutuAgslisunenuia vl dungud
PavUANRINSINENdaUlASINIa1vIAEN BlEnRn

F1UIUNIN 19U MS-222 wae benzocaine wUuaNsa
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Fulunsizenassgnaaseenlagluduazay Wonani
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(Coyle, 2004)
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Anauszina (Mylonas et al., 2005; Pirhonen and
Schreck, 2003) Usnauseanseangnsdidey 3 viin
AeasyIuea (eugenal) blaiszigﬁuaa (isoeugenol) wag
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naneluenaavdmsuldludaniildfuanuieuwasly
fusehsunsuarslusiisusene 1leaniniisiangn &
Aulaeadenoyal wazuywd (Wongkaew and
Nonwachai, 2015; Charoendat, 2012) ag9lsAnnu
uliazdinnudeulunisldenaauagiaunsnanenienis
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nsszaeifes oganuidiluazvinlivindswenns
nyudsulafinvedn wardwanessuulssamaiunan
(Bell, 1964; Durve, 1970) Fsagvilinisldenaauiin
UsgAnsnngaan ulszlevidensvuds waztaeidial
Sasnsseamevesdaith

Uanan3aife (Sharptooth Catfish) Fiurnidin
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UYa1nnae wazUainneu 15189ua1de1de 1.17
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A5aiun159e

1. Aagrsuan

Janansade (Clarias gariepinus) guInL i
WAy 6.5624.91 N3 WATIWIAAILEN AR 9.80+0.88
wuRlng nvisudiugyadelfutunusulvdiiu
anmnsneassazan nwndetdunan 2 dansd Tu
msneaeslfomsensau 5 % vesiudng Tnels
Suay 2 ade Wuazdu Sadraudunsa-ang (pH)
LLagqmmﬁﬁuaqﬁmaammimam
2. AnwUSuTUVRBIFAURDNANTIUNITHAU WAL
msugau

N3ANYIUTUINUBIEIEAUSDNG AN TUNITAAY
wazn1siuaay wlsendu 5 naun1sNAaeY laengy
navAaesaz 10 darendy nauaz 3 41 fisgiuam
dudu 0, 5, 10, 15 waz 20 ppm AnPuFunA
ngAnssuUanlaeduiian 5, 10, 15, 20, 30, 40, 50 way
60 W7t wagndsntudanaludalusdt 2, 4 quasu 6

Flualasnuan1snssdioanidu 4 szey 1 = Normal,
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a

(sveyUni) 2 = Stage of Loss Equilibrium (gayLdanis
NTIFIUAIUNT DIIMUALAZ NN TR BUAUDIADE S
vsdumualy) 3 = Stage of medullary collapse
(megan1smnglaveunageglinunaivuy) 4 = death
(me) arindestldadluluthazerafioshnisitu
dau ndsniumaaeadsseidunan 1 e antuiin
M31N130118 mawﬁmmmwﬁﬂqmmﬁ (T) hazAu
WJunse-Ang (pH) maean1snaaes (Somjai et al.,
2008; Stoskopf, 1993)
3. MTAATIZANANIIEDR
NSUTBUNBUANULANANENIINTITLASQYLAULY
winzNguNAaeY YNITIATIERMIA1AINLUTUTIY
(Analysis of variances : ANOVA) ANULNUNITNARDY
Completely  Randomized  Design  (CRD) W@
WisuifisuAuadedie Duncan’s New  Multiple

Range Test #15¥AUAMULTDIU 95%

NALAZITUNANITIVY

1. Naﬂizﬁw%mw°uaaﬁﬂﬂunwuwgﬁwtﬂumaauda
nOANTIUNITEAU Ltazmsﬁuaawawmqn%'aL%&l
mﬂﬂ1wmaawﬁz?ﬁn%ﬂwwﬁwﬁumquiumi
aauﬂmqn%’mﬂaﬁmmvﬁwﬁu 0, 5 10, 15 way 20
ppm Imﬂi%ﬂa’mﬂ%’m%aﬁgmﬁmaﬁa 6.56+4.91 N3y
PWINALETREY 9.80+0.88 1HURUAT TneuUaTzes
asaaueenidu 4 seer 1 = Normal (Syezund) 2 =
Stage of Loss Equilibrium (geyideni1snsasiunediu
vieTamunuaznsmavauesedaiudumIaly) 3
= Stage of Medullary Collapse (qumﬂiﬁma‘umw
agldnunyuy, dun1m) 4 = death (M18) INNANTT
NABBINUIN mmﬁwﬁmmﬁwﬁumqu 5 uag 10
ppm Wanunsaiilivainnsadeaauldnaenszeziign
msnaaos 6 lus Avmdiudu 15 ppm Yagniaide
Sudhgszogaaud 2 Tuundii 10 WWaufsuniid 40
sntuiinisiluaavluunif 50 wazaadudu 20
ppm anansavilivamniaderingssoznisaauil 2
Tunan 5 witldaudanan 2 $alus Huannisaauly 2

Filue ndsantuiaigniadeundsiodune 1
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Wou (Table 1) USugamgll uazA1Audunsn-ang

vonnbegluinadiiangandmsunsmizidesdnd

1h (Table 2)

Table 1 Behavioral events of Sharptooth Catfish (mean weight 6.56+4.91 ¢) exposed to various

concentrations of Clove oil

Stage of anesthesia according to exposure periods

Concentrations

(min) (hour)
(ppm)

5 10 15 20 30 40 50 1 2 q 6
0 1 1 1 1 1 1 1 1 1 1 1
5 1 1 1 1 1 1 1 1 1 1 1
10 1 1 1 1 1 1 1 1 1 1 1
15 1 1,2 2 2 2 2 2,1 2,1 2,1 1 1
20 1,2 2 2 2 2 2 2 2 2 2,1 1

* Stages of anesthesia : 1 = Normal, 2 = Stage of Loss Equilibrium, 3 = Medullary Collapse, 4 = death

Table 3 water quality parameters during experimental

period

Water quality after treatment

UANAIAUNIADANUAMMLTNTUN 15 way 20 ppm
warlunguatuuildnsinisiasyiiulasneiugeiian
\de 0.160+0.001 NS/ Mganaududu 15 ppm

fiAadewiniu 0.156+0.001 ndu/du

Table 3 SGR of Sharptooth Catfish after exposure

to various dosage of Clove oil

Concentrations Weight specific growth rate g/day (SGR)

Concentrations Temperature potential of
(ppm) °0) hydrogen (pH)
(Means #* SD) (Means * SD)

0 25.33+0.25° 7.62+0.03"

5 25.00£0.00" 7.55+0.08"

10 25.33+0.50" 7.60+0.04°

15 25.16+0.28"° 7.69+0.08"

20 25.16+0.25 7.7520.08°

Pre-trial 25.00+0.00 7.56+0.05

*Means in each column followed by different letters are

significantly different at P < 0.05

2. AnwrdnsnisiasyiAvladeduvasuananiade
arendsainnisaaudasirfuniungiinanadudy
uaneeiy

Snsniswsaiulagatuade (Table3; Fig.1)
Uagniadeluaududuresiifuniunglungy
AuAN (0 ppm) hifAUUANA1aRUMERR fuay

Waduvesdduniungi 5 uag 10 ppm waiinw

Uil 14 aliuil 2 nangnAu - Fuaau 2560

(ppm) (Means * SD)
0 0.160+0.001°
5 0.159+0.001%°
10 0.159+0.001%°
15 0.156+0.001"
20 0.157+0.002"

* Means in each column followed by different letters are

significantly different at P < 0.05
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0.158
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Weight specific growth rate g/day

0 ppm 5 ppm 10 ppm15 ppm20 ppm

Concentrations

Fig.1 SGR of Sharptooth Catfish after exposure to
various dosage of Clove oil for 1 month
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Uanila (Oreochromis niloticus) Wuvanirsai
fnaAmaassgiavesUszimaiiosnnadyivlng
wazannsaUsusudrfuan nwandeusne W6d 1ud
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103guAule (Ladhavisuti, 2001)

n1smurguuuunisugnivelaeluldfuun

v '
ad a

waunA LA UTzUUNN A dR T 1uAsTmanzay
INs1E5190 M sTARInYedsazgnilailul4ly
nszvaunsaTasivln damadsslansutumsugn
finfivszavBamilasianiznisusulssmanifvesi
(Nair et al., 1985; Somboochai, 2009) i Tl
yhnnsAnesruunisidesuatiataufunisgnit
wuveanluing efiinguszasdilednuidnitnaiy
wumﬂuﬁwmwzaaﬁ,umﬁLgﬂaﬂaﬂﬁaiuuﬁ'unﬁﬂ@ﬂ
ialdalagldszuunannaiuuaziiioundunuinig
duaSuednnadsaaniasmifumsugniiglsalsi

nwnIns guseneuntsvsedaulalunisifesdaiialy

a U a

syuvarmUindgndulinsfudawndsusaly

Uil 14 atuil 2 nangnAu - Fuaau 2560

A5AAUN5IY

N13ANYIAMUNUILUUTNNITAUVDIN TR
Yanfialussuuimyuisuwuuennlulindsiudunis
Ygnisalda laganaununisnaasauuuguanysal
(Completely Randomized Design: CRD) WU4n1%

< S v
naaeteanidu 3 yan1Inaaesy av 3 91 Isveriian
nsnaaes 120 T lnglduandaumidnndesudu 7.13
8.00, 7.67 N3U LAYAINYNUARLSUAUY 8.27, 7.29 uay
6.68 wuAwns luusazyanisveass neimvual

YAN1INAa0eN 1 1heslarllafidnsiniiy
MUY 150 F/AN5198AT

- & a ado

YANIINAABIN 2 LHgaUarlandnsiainy
MUY 250 F/915190R3

YAN1INAA0IN 3 1aeslarllanionsiniy
VUIUY 300 F/AN51948AT

= 23 o & o o S

nswseasalea druandninisnglunesi
Uswanas 7 Ju witananznalussuussuuenluing

N30 ENITUUNITEL UMY IsuldUe
Fuudrua 0.5 Lwns 31U 9 U A19vANEER10
wazanUeiidlisvann 2 Ju ldgnssuusvuveamilusiind
1w 6 4a Tdvie PVC vun 2 1 Usenaumedesely

umyuidsy nadaunduasusdiuud wuiiasuslu

FEAUANNES 60 LwuRwns (Fig. 1)

Fig.1 Nile tilapia recirculating system
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fdemsamsdusgiuanumnuiuimnganlunis ausavUnnuAIwN ann1siasumemiilddiion
Fesanialuszuvemelusiing (Aquaponic) wazidssluanmituiisaiald vonaniifiaunsals
dmsvauamiilunmsndasgduamnin nawdndniiioilnauazdmine sauisanusatily
ogfseminaimnzausonsaiadvlavesuaiia uans fanuagsosenfnuilunisidesaifadauiuingde
Tiifuduuamenisiauiisslardafisefuaan u ieifiuUsyavBnmsruunmaidesanfiadanded
nurudusnluszuudimyudsuuuvennlding Aduiinsivasnndey solulusuan

Table 1 Growth performance of Nile Tilapia in Aquaponic system

parameters Stocking density (fish/ms)
150 250 300
Initial length (cm) 8.27+0.37 7.29+0.18 6.68+0.20
Initial weight (g) 7.1321.10 8.00+0.67 7.67+0.29
Final length (cm) 14.58+1.82 18.25+4.08 13.10+1.86
Final weight (g) 27.82+1.25 43.32+6.81 39.90+7.32
Total Feed (kg) 9.90+5.4 5.60+1.7 10.9+5.4
ADG (g/day) 0.23+0.01™ 0.36+0.06° 0.33+0.06"
FCR 0.07+7.85° 0.09+2.03° 0.19+5.32"
Survival (%) 92.44+539 97.00+1.00 97.33+2.01
Specific growth rate (%/day) 23.18+1.04° 36.1025.68 33.25+6.10°

YMeans followed by the same letter in the same row are not significantly different according to Duncan’s

Multiple Range Test at 95% level (0.05)

Table 2 Water quality of Nile Tilapia culture in Aquaponic system

Stocking density (fish/m’)

Water quality

150 250 300 F-test C.V. (%)
pH (mg/L) 7517 7.50° 7.36° * 0.01
Temperature (°C) 2630 26.22 26.25 ns 0.00
Dissolved oxygen (mg/L) 5.33 a.67 7.00 ns 0.21
Phosphate (mg/L) 1.80 1.08 1.82 ns 0.27
Nitrate (mg/L) 2.75 2.33 3.33 ns 0.18

“Means followed by the same letter in the same row are not significantly different according to Duncan’s

Multiple Range Test at 95% level (0.05)
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Table 1 Ingredient In diets (protein levels 32-38%)

Fish meal replacement ratio in diet (per 100 g)

Ingredients Recommended (%)
0% 20% 40% 80% 100%
Fish meal unlimited 25 20 15 5 0
Soybean meal 35-40 34 28 28 40 35
Cassava starch 0-35 1 1 1 1 1
Glutinous rice flour unlimited 9 9 10 9 10
Rice bran 15-35 30 21 10 a4 8
vitamin 1 1 1 1 1 1
Bioloc unlimited 0 20 35 40 a5
Protein Analysis (%) - 36.82 36.47 34.33 37.83 32.47
Table2 Growth and Survival of tilapia fed with five diets for 7 weeks (mean + SD, 3 replicates)
Fish meal replacement ratio in diet
Factors P-value
0% 20% 40% 80% 100%
Average initial weight (g) 0.65+0.13 0.71+0.03 0.61+0.12 0.67+0.70 0.68+0.06 0.728
Average end weight (g) 7.04+1.01 6.28+1.14 6.66+0.35 6.14+1.61 6.12+0.84 0.470
Survival rate (%) 50.00+£7.70  53.03+9.62  26.60+8.87  33.31+8.35  53.33+3.88 0.681
Feed conversion ratio 1.72+0.34 1.49+0.04 1.78+0.99 1.46+0.04 1.48+0.20 0.869
Average growth rate/day 1.20+0.20 1.54+0.26 1.28+1.15 1.14+0.30 1.62+0.30 -

3150iHaN15798
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waglulasiouluiazgnivdsuludungnouqdunid

(biofloc)

a 6

LLﬁmsLﬂﬁau’LULTJuﬂémamﬁuma
(Heterotrophic  bacteria)  #isaudafudunznau
wanaey delnmsinasemssmanaislulansnas
lWanazdinislunszdulvlulenasafslulnsiau
worluile) uldlunisadramadimivandusiuay

=

a e N £ o ~ H
ﬁ;au‘l/ﬁilﬂﬁ]8L‘Wml’lﬂ‘uuaQNai‘l/i‘lﬁmml,t@ﬂuLu&ﬁuu'laﬂaﬁ

a3UNan1539Y

nn1sneaasldlulenaspnawnunisialusiu
nnvarvuluermisvanfiaannisnaaswisslanda

M sansniinisnawnuaidumelulevasa Tu

%6 0, 20, 40, 80 ay 100% suarfulagLinueInie
PanLIan karluinisilasuniguinasnn1snaans
wuirgasownsnldinisvaunudartusiglulenasn
wazgnsemsnlasunsnawnuladuaigluleasn
(20-100%) Nngnse1silatinmaasudesaiila
WUINIFns159m (Survival rate) dnsnuudsusimsidu
1o (FCR) wagsnsnsiasgivlaeaedaiu (ADG) L
a ' 1Y) o aaa o A O
TANUBANANAUNIIVANFDANTLAUAUTBLIU 95%
A a o P Y |
WIBIZUNUYARIUAL (0%) Iumuﬂmmwm‘wmwmi
TglulenasanaunulanUunsgsu 100% WungRanis
desdnduiuiniian esandvIuunenluiiyeg
' 3 a & |
Tug39 0.09 - 0.36 meg/L NH Usunaululasvieglugag
2- = o av o Y] '
0.07 - 1.32 mg/L NO” &vaglusziunliiludunsiene

v v

FniuiuasAUAINUIVRIYANITNAARIN OIS
ddagusudunisléinalulaglulenasanaunulaidu
0% danuwmungautesigaivTuauenluiyeg
! 3 = & |
Tu39 0.09 - 2.03mg/L NH™ Ussnaululasvieglugag
2- = 1% o NS
0.03 - 1.38 mg/L NO~ Zareudradudunsededni
T 2o v o 1%
11 Fadluwiltduiavaunsaldlulonasnauuimanny

Uantulugnsensla

AnAnssuUIENA

AzEidvevounm a3 Andvusl gmuriug
Tianueyasgigunsainaaes uazdoiausuuylunis
VARDY UAYYOTOUANANENITIUNITIATINITITOUAL
uianssuiledionenmaluladgyuyugiusin aald
vy drfnaunnznsIUAISNISRANAnY Tilvinu

atuayuan3deluasell wazveveunniidiuieites

v
o

yaviuiiliwidetduseaslaned
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UNANUIY

aulasaeIUfUIuLvae Aeromonas hydrophila Muwenléainnuun

(Hoplobatrachus rugulosus) Nkansan15Ue Tudswinanauas

v ol

NSMING a3uNua , 59198 NTNT, undhdl Wuald uae Anagn LUATA

1 a ~ a o o =
A197391077UTEUN ﬁﬁJﬁéWﬂZﬁJZﬁEfﬁ']ﬂﬂUWﬁ' HUNTINYINYTIVNNTNNUAT 84083 V.8NJUAT 47000

2 a o 5 a a o o =
F1v3vIanImans asgsaluladnsinegs un1IeIaesIviganauns a.uled 9.anauns 47000

UNANED

nsfnuanalwesUfTuzuestie Aeromonas hydrophila fluenldnnuuiuansernsths Tuituidem in
ANAUAT TINFBULIYIEY WA, 2559 Faiiounun ius wa. 2560 aunsouenitie A. hydrophila 9ndegnsnuteld
siavun 51 leloian lnoidedidnvanauvouiFeuluomaiisnds TsA deufnfunsuau Juswisduy adaeules]
catalase uaw oxidase lianunsniiyldluewnaidsadodis 4% ledeunaslsd Wevhumageuaruiladesufdoue

£ '
v a A 1Al

wuhanansaussseavaaladenld 2 ndudsil Ao nquitlvinanisiesn (resistance: R) wudndl 4 daenie Amoxicillin,
Ampicillin, Erythromycin ag Penicillin G {l§nsan13Aoen 100, 100, 96.08 way 100% MUEIEU ﬂ@juﬁiﬁwawuiwﬁ
mm‘twiamﬂgj%aus (sensitive: S) & 11 #e1 Ap Chloramphenicol, Ciprofloxacin, Enrofloxacin, Gentamicin,
Kanamycin, Nitrofurantoin, Norfloxacin, Sulfamethoxazole/Trimethoprim, Tetracycline, Oxytetracycline uay
Streptomycin nefidnsinisanuladesn 94.12, 98.04, 96.08, 98.04, 92.16, 100.00, 96.08, 98.04, 39.22, 41.18 wax
92.16% muddiu agnslsfinnu n1slden Oxytetracycline wae Tetracycline dranulaneendisasrdruainulidosis
waziuwiltiunsheresufiusdmssiunslideyavesnwnsnsluiudiinuidinsldenfustiaeseindundy

SreLIAUINIIRITENSHEINSETINS It 2 sintegnalnadn

ANEnARY: NUUI, Aeromonas hydrophila warArulaseeU)Tue

* Y Ya 1
QL‘UWIMWWEJ: E-mail: songsub888@gmail.com
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Unin

v saa

AUW (Hoplobatrachus rugulosus) \Judminil
anudgyaAswsiafiviiseld uazadsondnlitu
inuasnsiaUszinalve Tasaniziuiinie
nyTusenideamilefiiiaTinnsiuegduiusiudnith
viail ornnuuidudeifldfuilunsideedes &
sUkuUMsABsinanvane agunuutedu nsedsve

A wavvayudiuud TduTunauilunisideslosining

a1 Y o w

ANMSULNEATNSNANUNABUTI9INNA TRTINNSURBY

' v

a1vsiluiledAaudied l19dunuroudietios

q
v

HanauknuAaniIeAoud19Es Snnanvundadud
ARINISVBINAINNI b UUTENALAL AU ELINADENS
solllad WaRasananusuianisaseantumiausena
AUSuainTuAslul w.e. 2556-2558 N3lyaAINIS
de0an 27.8, 42.1 uay 42.8 duum lngluszinagen
Ao o ' A a ' Y oA
A lunisadseannuiindnlul semalur1amn V9N
11 Ae g9ans Ju FAlUS QU arssasgussusulee
Usev1vuan dnalde ansgemsuleliand 31nAy
ABIN15UBIRaIN0g19daLles M lrlagdunudng
NYATNIHLALINUNTAIRINISHENTINAT 1,783 AU
uazfnuiinsideandn 657 L9vuszine (Department
of Fisheries, 2015) dugUwuumsinizidesnuuily
Jagiuaeiivanismnziiesmielugndenuaznis
X - & & o < d'
wweaiievreidunuiile uasdrslsnaudgymanulu
JaqUu Aelsaszurniminduluseninanisides
lngianizlsaninannishndelunguuuniisedevinl
| < o a & A A A
AUUREkaLAELTUTIUIUNIN LSARALTIDLUATILS N

o o A

ddgiinuldegiauaiinainiia A hydrophila
(Glorioso et al., 1974) Fais51891UNITNUASILTATY
Uszindlnedlavaney w.e. 2525 Nuenlaannn1shiniae
Tudaihdm (Camus et al., 1998) lnednuwaziluuas
a a a dﬁl [ o a = 1 & 1
wuaiSerlaiidusuailisounsuauisusiaduuns
ansanasyeglansluneandiaunaylifieondiau g

| A P a a v e &
W‘U’quﬂqia%@fﬂﬂ@aiglmu5§§3~lsﬁ7(ﬂ ALUULYD

¥ oo '
§ 0o a o w w =~

nolvAalspRaeludniunndrAgydnils (Cartwright
et al, 1994) sreanmanaina1iuviliinunsnslad

nsldenufueiiiosnvinasdosiuegsnsuate lag
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lins1uiBniswasUsinamsldfigndes Sneisnisld
Tefianuidssiiasdiliidonuafideiinnisiesn wu
n5lde1UiTuzvinfenfuedrssaiiomiolden
UiTruziiiedesiuninniinisinu uonaniide
wuafiserliadainandausaneliminlsasuusalaly
uyud 1wy nsfadelunszualadin (septicemia) 113
fnidelunszimzomailidldsniay evuaues
warlvdunasdniau viasnaudniau (bronchitis) wag
Lé@iﬁﬂﬁ]é’ﬂLﬁU (endocarditis) (Janda et al., 1996)

o
1 Y

FaN91H192 I AINATALEIAY 1NN

v
¢ o o

daduazuyed dalulunisfinwasallifnguszasa
LDASIVADULALAARINNTADY1VDWTDLUATILS sv TR
HINAT? LﬁamLmeﬂumﬁmuqu Jo9nu hagsnwn

e gnisnely

A5 iiunns3e

1. msiiuilegrenulae 53n1suenide waznis
wﬂaauqmauﬂ'ﬁwau%a A.  hydrophila aannufi
HEnIaIN1TURe

ﬁﬂml,%@ A. hydrophila fwanarnnuundiuans
ornstaglurnduides walufideninanaunsinenis
duifiudegns 1999 wasfnwianinnsdsdaeiialy
YoIUA¥ATNT LAgdunne1n15U89 NN YL A8UDN
919 dnwazn1INsaFy nsitednanund A1 U
WHaRNEE dnwazveevies luumasituiinisidesdy
FinanaunsiILALeuLBIgY WA, 2559 Aoy
nuATUS WA, 2560 AseUARUALT 4 Snnefifing
Aesegranuniude sneiles s1nenssanday
Sunewilau uarsILNeeINIASIUIY SAUIUTINA 15
s ndanthnsnweisveateuuaiidefiuen
IFarnnuiinansernistae Taenisdntessios dune

v U dy a a v a
dnwarelviznigly weniFeuuaisenamainuaon

¥
N

1We (aseptic technique) aneiwazaelu Ao ln du
Ty aues warunuNaTiusnaim Tngldennsiasa
o Tryptic Soy Agar (TSA) LWWBL%@LLUﬂﬁL%EJﬁQmMQﬁ
30 saAaldea Luan 24 4alus wazuonigels

a

USans viaanntuAnwdnwaenIan1en nlaensdeu

q
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wNIUANBIAN YLV UTRd NadoUAMaNTANIITIAL
wazsuunvisveaieuuafidoiusnudeuuaiised
wenldfievhnisdnwiselulu Nutient Broth 15%
Glycerol #1 -70 sarwaLTed
2. fnwradnulasee1ufjdauzdaeds Standard disc
diffusion method
wisuideuuaiSesetlnamiassdueis
Aeadouuuman Tryptic soy broth (TSB) Yrluvud
Tigaumgil 37 ssrwadea e 24 §alus Jumdes

WoluaMSelinnnenau NaIantumSsuasTarans

€

] =

WowuaselvitAuguwinAu McFarland Lwas 0.5 1%
lifudafunmssieuda uansavansifeuuniise
fwseuls wardhoasuuemnsidends Muller Hinton
Agar (MHA) Ismihemsideate Tnevhsuau 2 o1
iorfunstuduna waznsusiue UfTugaiasia
15 aialunisnedeu fail
1. Amoxicillin 10 yg

. Ampicillin 10 pg

. Chloramphenicol 30 pg

. Ciprofloxacin 5 pg

2
3
il
5. Enrofloxacin5 pg
6. Erythromycin 15 g
7. Gentamicin 10 pg
8. Kanamycin 30 pg
9. Nitrofurantoin300 g
10. Norfloxacin10 pg
11. Oxytetracycline30 ug
12. Penicillin G 10 pg
13. Streptomycin 10 pg
14. Sulfamethoxazole/Trimethoprim 25 g
15. Tetracycline 30 pg
ﬂﬂﬁvdnyaw%zyﬁqmwgﬁ 37 esAnwaled Ju
a7 24 F3las Sufinvuinves clear zone Tagldwiae
Jufiadwes wazifivuaulanesufTiusmuisnis

U84 MacFaddin (1980)
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1. wannmaiiudaegnenulae 33nsusnide uas
nadauamausAvaate A. hydrophila 990Ul
udnsaIn15Ue
MnnsdTIanRUT e wUIIaN MR e
Tagluvosnunsns lutisggniameiusietaang
ounarnauuaziisunanszdaiieidssyuniousiiugly
Uofiunansuds levewsiiusnionauysalozUaosler
naviugluvefuiiainetu surmndedssna 1 was
g17UTBI 3 89 7 RS dnsdunes 2 fsielnaiile
1 f7 anuviukuduysEIa 5-10 Aasenns1uuns dou
shesfsludeuninugsuszanas 50 fis 70 iwuRns e
vAggamusgnden JanwnsnsazSunganis
wgiuussaUaeiouiugey tnynsnsasliey
Wunesdwugliluveduudvssnanauinduniu-

Audnanausza 150 Wwudiung (Fig. 1-A) lneilszdu

v
°

thuszanas 10-15 wufiums wasldssiinrumunuiu
\ndg 25-30 Maremang Wlesemsimziudsely
PnmsfiuiegaiieAnuedinvenids A Hydrophila
Ausnannun wazgndoniiuaniennistae wadimin
anauns luiuififinamzidesesnauuty anuse

Y 1

usegnnuiniuansernistheluiufindesdidingg
esoghamnuiu Suauiedu 15 Wisu Taewfustomn
3 qana ludradeuawen wa. 2559 Wusdunuly
ga¥ou Woudwau w.e. 2559 Jusunugadu waz
Wounun1us w.e. 2560 Wudunugarul @unse
wonideuuaiiGeiidude A hydrophila 83w 51
Tolwian Tnemulugrsgguuniunniian fe 31 lelwian
Andu 60.78% HaggSeu 12 lelaan Andu 23.53%
wartgaru 8 lolwan Andu 15.69% dnwarenis
AeusnvesnutsiinuAovsiuravauanuinadif
fwi e uasedeufluuumsatiy dnvazeaz
wuhddvnyu (Fig. 1-8) wuveamadlugesviod Ui
Fuanfonisuinuns dadnvareiozaieluiinuin

USUAU warinuveanuuInUleidde aaunuild

W1m1aaaT ueasenudIrdunsyladn (Granulomas)
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nsvaeThus iy fuannsauenide A, hydrophila
I¥anedonzsanan wedzmeusnuazaiely
anaudinianieninuazdaiiveside
A. hydrophila fiwsnlgannuthenuinindeesiing
51 fege danwazlalatnauvreulseu dvna waa
anunsaadeuiild Wedouunsunuifaduns Wnsuav)
fisusaduvieudy (Fig. 1-0) TaonuaniAiiddyluns
WEnLTe A. hydrophila sonaniderinsy Ao n1sadis
wulwieanding (oxidase) NsnagaUAIRaE (catalase)
NsNAERULaLLIaAY (gelatin liquefaction) N1SHEAR
wiaannglaa n1snageuANNaINsalunIsEaeLodan
&1 (Esculin hydrolysis) n1swanlalasiaudalia way
AINUAIUNIURBVibriostatic agent (0/129) Fa9 0013

naaoun19Tataiilagdrulvgnuinaedingndl

AuaNTRndBAfaiuide A hydrophila fwuainuvias
199 19U nuun Yariida W@ennzuinluwanid
p0aIAsIAY Hodn ] Lazandandou (Huys et al.,
2003; Awan et al., 2005; Schadich and Cole, 2010;
Samal et al, 2014) dIUN1SNAREUNISLTS VBT
A. hydrophila nnuthefidesdsesidesdei o,
2, 4 W@z 6% NaCl (Table 1) wuide A Hydrophila
nnleleanlifiniaiaialuemaidsadeiiinrundu 5
waz 7% Felimanisnaaeuidullunuamafeafuiy
Samal et al. (2014) 9 wuinileide A Hydrophila
wdedluemsidendod 4% Tuluarlinunisiasy
voudedsanusalfiutoyalunisinyivioussin

o1 steanauunfilasuie A hydrophila 1o

Fig. 1 The frogs were raised nurture in round cement tanks (A), The frog was exhibited symptoms by

opaque eye (B) and Appearance of isolated A. hydrophila bacteria from infected frogs (C)

2. wamsfnwaalaresUfTauedaeds Standard
disc diffusion method
n1sinwinanituliveiiouuniiide
A. hydrophila ﬁLL&Jﬂlﬁﬁ]ﬂﬂﬂuml,l,azqﬂé”amﬁ{hwiam
U ¥uelaeldis Standard disc diffusion  method
$1uau 51 lolalan FanadeuiuefTue 15 via A
ABNITNAU NUININAITANWIEITOLUITZAUAIULY
fep1UfTugld 2 nqudidie nquillinanisiesn
(resistance: R) & 4 @aw1Ae Amoxicillin 10 g,
Ampicillin 10 pg, Erythromycin 15 pg wag Penicillin G
10 pe Tnedldnsanisaesn 100, 100, 96.08 way 100%
mudiu nauitlinalades ufTug (Sensitive: S) i 11
fen Ao Chloramphenicol 30 g, Ciprofloxacin 5 pg,

Enrofloxacin5 pg, Gentamicin 10 pg, Kanamycin 30 g,
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Nitrofurantoin 300 pg, Norfloxacin 10 pg, Oxytetracycline
30 pg, Streptomycin 10 pg, Sulfamethoxazole/Trimetho-
prim 25 g thag Tetracycline 30 pg lagfionstaulane
81 94.12, 98.04, 96.08, 98.04, 92.16, 100, 96.08, 41.18,
92.16, 98.04 WAy 39.22% MmNy 1efiansanan
Sasrdruuualiunisaenesinds wuirdenfdaue 3
¥in Afuuilduiiaziedoside s1ufiiusvia
Amoxicillin, Oxytetracycline wag Tetracycline GREEE:
fumsliteyavennynsnslufiud fnuiidnislden
UfTaughanuriindarninunans iledesfunazinyn
Tsanuuazgndonunduszeznauiudeaiuualiunis
FodesUiTaue WeRiansanngunieUssianvasuay
n1smeuauasveatouuafienu silundy Penicillins

Tawn Amoxicillin, Ampicillin wag Penicillin wazailu
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ﬂ?jﬂi Macrolides @@ Erythromycin  wua#itselunns

naaoulinanishososianun dmlunguitliinanis
mavausIlIunNalsAongu Tetracyclines L@l
Tetracycline Waiw Oxytetracycline Uagnguves mﬂﬁ%auzﬁ
Tinansdududelddlunisnaassadeilde s1lungy

Quinolones  léuA Ciprofloxacin, Enrofloxacin wag

Norfloxacin #1lungu Aminoglycosides loun
Gentamicin, Kanamycin W& Streptomycin Eﬂiumﬁjll
chloramphenicols  lauf Chloramphenicol - e1lunay
Nitrofuran 1#un NitrofurantoinLLazSﬂiuﬂéjm Sulfonamides

#® Sulfamethoxazole/Trimethoprim

Table 1 Biochemical test of isolated A. hydrophila compared with difference strain from the other sources

Isolate from
Characteristics

Reference* 1,

Isolate from  Reference* 1, 2,

Characteristic

this report 2,3and 4 this report 3and 4
Gram - - Fermentation of
Motility + + Glucose + +
Growth in 0% NaCl + + Mannose + +
Growth in 2% NaCl + + Inositol - -
Growth in 4% NaCl - - Sorbitol - \Y
Growth in 6% NaCl - ND Rhamnose - -
Cytochrome oxidase + + Sucrose + +
Catalase + + Manital + +
Nitrate reduction + + Hydrolysis of
Vibriostatic agent (0/129) + Urea - -
Citrate Utilization + \ Gelatin + +
O/F test F F Esculin + +
Decarboxylation test Casein + +
Arginine + + Production of
Lysine + + Indole + +
Ornithine - - voges: \Y +
proskauer
Tryptophan - - H,S + +

*Reference 1= Huys et al. (2003), 2= Awan et al. (2005), 3= Schadich and Cole (2010), 4= Samal et al. (2014)

(+) = Positive > 70%, (-) = Positive < 30%, V= variable reactions, ND=no data found

nsuihseTanaznisfnernulinesuidue

Y99 A hydrophila Wu3Nsin13ANLEUNIT0E19RBLLD

[ '

Wuszeznaiuu Wesinwauwuaiiiseninary nulens

Tunrasunsssurd wazluvsidusdniuivianes sdnvi

v

TiAansgeyduagranlugdnniinisseuin 31ndeya

s o

AiuswuINgeTiln A hydrophila NwenaIndeniuni

Uil 14 aliuil 2 nangnAu - Fuaau 2560

wansornstheiifiarullares Ui 6 nuie o
IUﬂEjM Quinolones, Tetracyclines, Aminoglycosides,
Nitrofuran,  Chloramphenicols ag Sulfonamides
WuLReunInaeInSail (Dancer et al., 2008) Lay
ndoyaladesuiiugveado A hydrophila 970

WIARIAI99 U Ua1d13n U1 AznauaIntknaIni sy
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wnzidsaan dwnnden edniusziansneg Jania
PMNUVENAES uazanuneIUIa Wuiiiuualiunise
puuReaTuRog1ade A hydrophila fwenldainnu
Urslunisdnwradedl fanuiniinisiesresnvia
Amoxicillin, Ampicillin, Erythromycin Wag Penicillin
G wuReaiu (Table 2) agslsfiniu enUiuzvin
Tetracycline waw Oxytetracycline linan1s§nwdilyl
At [WuRenAuiuseaunstdets 2 sdaivhlan 4

wudrdanuuusiulunisSnedsudiegs (Table 2)

esanludagtuiisnyj¥ruzivannvaie gegn

lldlumssnwlsaiifnannsanideuuniiedns
uwsuangaluauuazludns wiousdnszitanaslden
UfTurlnerinnnusedinse e savienisléligns Su
Juanngiinlmaanisiesosufiusvesnuaiiie
Hymsnaniuliniutuegesinga Fenalnms
Aoelnefiuunfiioavadrsdufinosndunndediunaln
N13v9u0381UHTWe Fvilinisldenlunissnen
Tl iwaRLvindinas (Dancer et al, 2008; Aravena-

Roman et al., 2012)

Table 2 Antimicrobial susceptibilities of isolated A. hydrophila compared with difference strain from the other sources

Antimicrobial Sensitivity result (n=51) lsolate from this  Reference ">°™%
agents (ug) Sensitivity  Intermediate  Resistance report
(%) (%) (%)

Amoxicillin 10 0 0 100 R (100) R
Ampicillin 10 0 0 100 R (100) R
Chloramphenicol 30 94.12 5.88 0 S(94.12) S
Ciprofloxacin 5 98.04 1.96 0 S (98.04) S
Enrofloxacin 5 96.08 3.92 0 S (96.08) S
Erythromycin 15 0 3.92 96.08 R (96.08) R
Gentamicin 10 98.04 1.96 0 S (98.04) S
Kanamycin 30 92.16 7.84 0 S (92.16) S
Nitrofurantoin 300 100 0 0 S (100) S
Norfloxacin 10 96.08 3.92 0 S (96.08) S
Oxytetracycline 30 41.18 27.45 31.37 S (41.18) S
Penicillin G 10 0 0 100 R (100) R
Streptomycin 10 92.16 7.84 0 S (92.16) Y
Sulfamethoxazole/

Timethoprim 25 98.04 1.96 0 S (98.04) \
Tetracycline 30 39.22 23.53 37.25 S (39.22) \

A hydrophila Isolates from freshwater fish (Samal et al,, 2014), ’A. hydrophila Isolates from chicken

(Igbinosa, 2014) A, hydrophila Isolates from freshwater fish farm (Daood, 2012), ‘A hydrophila Isolates from

environmental (Peng et al., 2014), R= Resistance, S= Sensitivity, V= Variable
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v
LYY °

dofimnsandeyasiuenitanansaldleiudein
MUNNTBUYINYDINTUUTEAS Tnessuenfenfidsen
ddey 7 heuaviiuenay 5 viin Selunsveaeu
pailiFerfinsudssusoyynldls 4 i3y Ao
Amoxicillin,  Enrofloxacin,  Oxytetracycline uag
Sulfamethoxazole/Trimethoprim F991NWANS
npaaudia A. hydrophila Tunssil NuNeWHT Uz uiin
Enrofloxacin iay Sulfamethoxazole/Trimethoprim — A®
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Table 1 Classification of information influencing the spread of golden apple snail (Pomacea canaliculata)

Main Factors Secondary Factors Weights Rate Factors Rates
1. Water source Distance from water 8 0-10 km 10
source 11-20 km 8
>20 km 6
Type of water source 10 River 10
Canal, Dam (Large water source) 8
Creek (Small water source) 6
2. Flooded area Soil texture 1 Coarse textured soils 2
Medium-texture soil 2
Fine-texture soils 2
Watershed 10 Dam (Large-sized) 10
Reservoir (Medium-sized) 10
Weir (Small-sized) 10
Slope 3 0-12% 8
> 12% 1
Average rainfall 3 <1000 mm/year

6
1000-2000 mm/year 8
2000-3000 mm/year 8
3000-4000 mm/year 8
4000-5000 mm/year 8
>5000 mm/year 8

3. Irrigation area 8 Irrigated area 10
Non-irrigated area 8

4. Land use 5 Water body 10
Agricultural area 1
Urban area 1
Abandoned area 1
Forest area 1
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Fig. 1 The spread areas of golden apple snail (Pomacea canaliculata)

A = Northern, B = Central, C = Eastern, D = Southern and E = Northeastern
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Table 2 Area size and spread characteristics of golden apple snail (Pomacea canaliculata) classified by regions

Non-potential Potential Spread characteristics of
areas of areas of Pomacea canaliculata
Total area
Regions (kmz) Pomacea Pomacea Highly Moderately Low
canaliculata  canaliculata  potential potential potential
(km?) (km?) (km?) (km?) (km")
Northern 178,887.70 71,618.32 107,269.38 509.85 5,937.39 100,822.14
(40.04%) (59.96%) (0.48%) (5.53%) (93.99%)
Central 72,110.92 4,140.10 67,970.82 492.05 49,441.89 18,036.88
(5.74%) (94.26%) (0.72%) (72.74%) (26.54%)
Eastern 71,485.60 5,831.77 65,653.83 1,029.87 99.33 64,524.63
(8.16%) (91.84%) (1.57%) (0.15%) (98.28%)
Southern 71,530.44 8.81 71,521.63 1,351.47 68.64 70,101.52
(0.01%) (99.99%) (1.89%) (0.10%) (98.01%)
Northeastern  169,792.66 5,115.45 164,677.21 1,653.59 1,691.05 161,332.57
(3.01%) (96.99%) (1.00%) (1.03%) (97.97%)
Total 563,807.32 86,714.45 477,092.87 5,036.83 57,238.30 414,817.74
(15.38%) (84.62%) (1.06%) (12.00%) (86.94%)
I Non potential
boocon | + + + + oo
000 + + - -
00 1 + + - +  Jreooom)
oo - kS + N_*N + + e
o=70 Miles
Fig.2 The spread areas of golden apple snail (Pomacea canaliculata) in Thailand
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Table 2 Socio-demographic characteristics of respondents

dunndnvazduilaafifnaseanuilaiioy
BNNAU A Q’U%Iﬂﬂﬁlé’%’urnsﬁﬂmqqqmﬁy’qLwiix AU
ﬂ%zyapm%’%ulﬂﬁiamammLﬁﬂaﬁ%dwﬁaaﬂjwﬁﬁ
lasunisAnerszauyszay Sssusuuaziseulany
lesannglasunisinwigeazldinaiuiuninlunns
finsanuazeansundnsnsiinig Tnedwlngldidesiu
MuuauwgedaNnuuanssnuImoufuvialuas
Liidosfuinuuganmgsaznanldiadanuuinsgiu

AR

Socio-demographic characteristics Number of respondent Percentage

Gender

Male 138 34.50

Female 262 65.50
Marital status

Single 185 46.25

Married and divorced/separated/widowed 215 53.75
Education level

Primary and secondary school 176 44.00

Bachelor degree or higher 224 66.00
Age (y = 38.53)

Less than 40 years old 203 50.75

Equal to or more than 40 years old 197 49.25
Salary per month (}= 20,312.35 bath per month)

Less than 20,000 bath per month 235 58.75

Equal to or more than 20,000bath per month 165 41.25
Having kids aging 6-11 years old in households

No kids 343 85.75

Have kids 57 14.25
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Table 3 Purchasing behavior towards general milk and premium quality milk of respondents

Statements Number of respondents Percentage

Frequency of purchase of milk per month (; =7.93)

Less than8 times per month 253 63.25

Equal or more than 8 times per month 147 36.75
Knowledge towards premium quality milk

Do not have knowledge 329 82.25

Low knowledge 38 9.50

Moderate knowledge 27 6.75

High knowledge 6 1.5
Food and drug administration (FDA) brand awareness

Do not know 21 5.25

Know 379 94.75
Thailand’s quality mark (Q) brand awareness

Do not know 255 63.75

Know 145 36.25
Preference to purchase of pasteurized milk

low preference 267 66.75

high preference 133 33.25
Purchase of premium quality milk

Never 348 87.00

Bought 52 13.00
Reasons of respondents who never buy premium quality milk *

Do not know whether it is sold or unknown 320 52.12

Do not sell in a shop that buys regularly 98 15.96

Satisfy with general milk 87 14.17

High price 55 8.96

Others 54 8.78
Reasons of respondents who used to buy premium quality milk *

Valuable nutrients 38 21.35

High quality 34 19.10

Good taste 33 18.54

Beautiful packaging 23 12.92

Reasonable price with standard quality 15 8.43

Others 35 19.66
Obstacles in purchasing premium quality milk *

Inadequate supply sources and hard to find 33 35.49

Too expensive 26 27.96

Quickly perishable 13 13.98

Others 21 22.58
Willingness to pay for premium quality milk

No a3 10.75

Yes 357 89.25

Note: * Percentage is compared with the total number of responses
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Table 4 Statistical values of willingness to pay restricted model for premium quality milk

Values of the maximum log-likelihood function (LL, )

Log — normal
Log - logistic
Weibull

-428.148
-435.817
- 440.725

Coefficients of the double-bounded dichotomous choice model for premium quality milk

Log - normal
Intercept (u)
Scale (O)
Median WTP'(Baht/200 ml)
Mean WTP*(Baht/200 ml)
95% CI of mean WTP (Minimum)
95% Cl of mean WTP’(Maxirmum)

3.224
0.354
25.13
26.75
2537
28.27

Note: "Median WTP = e

’Mean WTP = g(#+050)

>95% Confidence interval of the WTP mean is calculated by using estimated parameters
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Table 5 Estimated model for factors affecting consumers’ willingness to pay for premium quality milk

Variables Coefficient S.D. p-value
ENVI 0.0427 0.0271 0.1145
HEALT 0.0226 0.0298 0.5054
ETHICS 0.0296 0.0319 0.4474
AMW 0.0296 0.0319 0.3535
FDS -0.0159 0.0296 0.5899
BARRIER -0.0001 0.0305 0.9963
PTOB -0.0119 0.0402 0.7668
SAFTY 0.0245 0.0304 0.4191
GENDER 0.0993** 0.0454 0.0286
SINGLE 0.1011 * 0.0539 0.0608
EDUCAT -0.1159** 0.0507 0.0222
AGE 0.0007 0.0020 0.7140
INCOME 0.0000*** 0.0000 0.0077
CHILD 0.0578 0.0451 0.1996
FR -0.0001 0.0027 0.9559
KP 0.0129 0.0590 0.8270
RP1 -0.0954 0.1040 0.3593
RP2 0.1208 ** 0.0473 0.0106
LIKEPAZ 0.0363 0.0474 0.4438
Log Likelihood (LL you) 413.351
Log Likelihood (LL ) 428.148
LR test > 42 29.594 **
Df 19
Pseudo R’ 0.035
Number of Observations 357

Note:*, ** and *** indicate the estimated coefficients are significant at the 0.1, 0.05 and 0.01, respectively
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2014) ag1slsin1n n1sAnwdulugidunis@nenlu
ansatnaniiudilduslnalaense udludiuvesnisi
LAYLNABAINNITINYAT UTOQAAINNTIUBINITUY
Uszgnaltlundndnsiomsdilifiusnguiniians
INA1TANYIVDL Kongkeaw et al. (2015) uay
Sargi et al (2013) WUIETARAINT 0w
(P. frutescens (L.) Britt.) dAnuanunsalunisieyya
daszas wazdiUsenaulumeaise1ns lnslanie

Tushu nsnlodudndu ussrn wazloomsluu3unags

Y
¥

Tudruvesndfounaudanuit fusunannuiy
s Todu arslulense wavien Andudesay 5-7,
16-19, 20-51, 20-57 tag 3-4 MUA9U (Kongkaew et al,
2015; Longvah and Deosthale, 1991) UaqUugslyidl
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1. miLﬂ'%EJsmyjﬂamammnm%ﬂaum

ﬂuf‘jamﬂ Wrun1saauasenladusanliuge
ﬁaaﬁqm) wuslidudedenfudeurinisuannuisn
AnuUasaN Nicomrat et al. (2016) @nIvyYD
Usznaumie L*ﬁauyjum 75 n$u tndeuns 2 nfa thaa
1.5 n¥u eawa 1.0 n§u winlve 0.5 nfu uazvduny
10 3y thaurauildunausuiuunazdonUszunn

3 WY PIELASBIUALLE Panasonic Food Processor
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(MK, 5087M, Selangor DarulEhsan, Malaysia) ‘i‘l"d
Yt 100 nfu/3u Redenarainauinning 2 4
911 4 57 dludauny 40 undt udwhlduludney
YudsUszann 30 il MsAnwmavesnaRntsTy
ussensiUAsuulasunwuemye st AuInw
Tnetnmnaisiouns (Fosas 0, 0.5, 1.0 waz 2.0 lng
dwin) wnavangluthnauiudaimidn 10 nfuneu
Tnggamuauldinauthuds 10 n¥u ununinediiou
afainsTuns ndaannduindlunauianuaunsIufy
fegramypaiiuinufigumgl 4 esruwaidua uay
iniiAsginisldsunlainanin wagnisii
sondnduveslasiuluiufl 0, 7, 14 uas 21 veInIsLAU
$nw daunisianuargluuunsaledu aseadie
9007a Aadnvuzvenieduia uazn1smaaoung
Uszamdudarinisiasisiianiziogafiiusne
Wuan 0 way 21 Ju

2. MTNATIZH

1) Awsizesausenaun1aadl (proximate
composition) Ussnasmnuiy Tsiu ludy 1ol was
L1Y99A70819NYEDTLATIENAIBTTUINTIIU AOAC
(AOAC, 2011) dwsudsunamsiulawmsnazgnaiuim
Tnsauanafina1atesi

2) Aasigviendendvesiiegranyeainlay
Lﬂ%laﬁmﬁ (Hunter Lab, Model color Flex, Reston,
VIRG, USA) wuagsteaulugd L*  (lightness), a*
(redness/greeness) wag b* (yellowness/blueness)
AUIBURY Gennadios et al. (1996)

3) Aasigvaueseenlan (PV) a1 PV Tu
Fog1anyeaTEninenIsiusny N s ilagisves
Richards and Hultin (2002)

4) FAS1¥YAT thiobarbituric  acid-reactive
substances (TBARS) A1 TBARS lusiaeavyeasening
AMsLAUSN¥IIATIElAYTo e Buege and  Aust
(1978) LLazi’]‘c’N’qugiJ MDA equivalents/kg sample

5) An3erzUkuTeInIaludusULuuveInsn
lodiuludegimyeesenitamaiiuineiinsieilay

fatty acid methyl esters (FAMEs) laeip3ed gas
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chromatography (GC-14A, Shimadzu Co., Kyoto, Japan)
(AOAC, 2000)

6) Tnnzinndnuvuzileduianudnvunie
dula (TPA)  veanysaszninufusnuviinsziaae
\3eainLieduia TAXT2i texture analyzer (Stable
Micro  Systems, Surrey, England) @1u35994
Intarasirisawat et al. (2014) laednnyeenngnsldl
PRTUIY (Fusigudnans 2 1 ge 2 1)

7) AAs1eilaseasaniegan1alaTeasanig
3801AVOIMYDTENINNAUTNBITATIENAIENA DY
9an3IAuBLIaNATaULUUdDINTIA (Scanning electron
microscopy; SEM) Tned3fidauUaan Riebroy et al.
(2005)

8) AATIENNITHOUTUNIIUTTAMTUAENTS
gousunUszamdudavesiieg1anyeesenitauiy
fnwngnusziiiulaeFsdnudasain Masniyom et al
(2002) TneldEmaaouitlsisitunisilnsusiuau 30 Ay
efmaaeuslengszwing 20-22 ¥

9 FAsrenUsuiaiuniduiuiuqdunsd
(psychrophilic bacteria) ¥9318819MYBDTEWINNAY
ShwRnanulaedSTidauUasain Cousin et al (1992)
wasgauEatugy cfu/g

10) MR IERHANERRTINISNAa8T 3 S1lu
wiazdadeiidne TAsgrinuwlsUTINYesdoyasie
ANOVA wWisuilsumnuumnansseninedadeiidne
g Duncan’s Multiple Range Test Jiasnzvidayalae
IﬁiﬁﬂﬂmimﬁﬂﬁagﬂLﬁaﬂismamamaaaa SPSS (SPSS
10.0 for Windows, SPSS Inc, Chicago, IL, USA) i

SYAUANUIDNUSBBAY 95

NaLkazI5aINANITIVY

1. 239AUTENDUMILATIVA AN UTVYYD
paAUsENaUNIATveNEn TNy EeTinGnlag
a ) a o | o v
AMSLETUNINNVUDUNINTEAULANAINNY (5988ay 0 0.5,
1.0 wag 2.0) (Tablel) Inevhlundnsdusinyeadusuin
ANUTIY (3pay 68-70) WUsAU (So8ay 14-15) Tagly

(Sosay 4.9-5.4) arslulewmse (Go8ay 7.6-9.2) wazLon
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'
a

(Bowaz 1.9-2.1) Aliuanseiy annadilduansin nns
Laumrm?uyﬁauwﬂumamﬁm%mﬂUalsiﬁma@ia
p9AUTENOUAINENT (P>0.05) (Table 1) umeagnals
Fregreiduninandtounaiivsunaleemisiiiudy
($ovaz 0-0.82) muUSurannTdeuiiiy (P<0.05)
fiswnuiRstunsidloemslundadusidodn e
winnaAmslasunslén nsAnwanisidugiunang
Tundnsasildnsentaniadanudy fUTunuuisiguas
Tﬁawmﬂﬁummﬁu (Sriket et al.,2015) uwazn15AnEn
MsiunnaluREnSaeedns (halva) v8sUseine
piBeteonudn nanfasinlidloomsgaagiingduih
iR (Elleuch et al, 2014) nswaSuleanmsTundnsas
dedafifunisanidgmainnisusinnemsiile
ownsiaylusiugals uasfiannsovisdaadugunm
‘Uaﬂﬁgﬁiﬂﬂiﬁ (Choi et al,, 2014; Jiang and Xiong, 2016)
2. laseairamnegania
Tassadsqanmiavesdnsnsivyeefindalagns
W@SunInTounsiiseRuuandsiu $evaz 0.5 1.0
war 2.0) (Fie. 1) Inevialuudanisiiuninaidsouns
Lifinasolassadievewdndunnyoedazidiuliain
Iﬂsqa%'wf\;amﬂﬁvl,aiLL@ﬂGiNﬁ'usluﬁaa&hqﬁlﬁLaumrm
nanazfegeiAnlunnszdy (Fig. 1) anuadiliuans
THfuinninadounslifinadenisiindiaduves
wﬁmﬁmsﬁmﬂaaéqmaiﬂmqa%ﬁqﬁiéﬂﬂﬁmmLmﬂ@mf’fu
FeamnunvzananUiinadiisllgannidaiiinade
Taseadne Tasanizlddnalunisdnvanenisiden
Uszanuvadlassadrausednle annuanisidelesdu

o

LAYII89IUYBITNIVEUNNVNUNULN @15ainannnely

v

NI WAz aullansusenouiiuednluyTunuas
(7.72 mg GAE/g sample) sansfananiuenainagyi
vihiduanssueyyadase (Nandi and Ghosh, 2015)
uAAdalisrenudninaisuseneviluednaiunsaldidu
Fndouuszarulusiulédndae (Buamard  and
Benjakul, 2015) man1snaassiiladnnuadieadeiv
msanwinsifinleenmsandnuasna lilundnasoe
dodniFedulngnudn Lifnaselaseadng nsiin
Biladunarn1snesuAIveINanmg (Jiang and Xiong,
2016)
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3. Anvaseanlen (PV) waz thiobarbituric acid-
reactive substances (TBARS)

AUeseanlan (peroxide value; PV) w04
mémﬁm%mﬁ&aﬁmémimmiLa'%umm’]%ﬁaumﬁizﬁu
wanf9iy (Sasag 0.5, 1.0 way 2.0) S¥NINAISIAU
%’ﬂmﬁ'qmmﬁ 4 paralea Wuan 21 Tu (Fig. 2)
PNNFANINUI wanSTivyeeyniee1eiial PV L
wanenafulududl 0 veanisifiudne Tusswinenisifiv
$nwen PV Tundnfasivgeenniogierosy Wity
quiietudl 14 vesmsifiuinw (Fig.1-a) Wuiidunadn
A1 PV Tunnsohaadifuuar laifiuninaddiounsdu
ﬁﬁﬂgﬂsﬁﬂuiswiwﬂﬁLﬁ‘U%Jﬂ‘H’ILLa%m‘ﬁ%ﬁﬂﬁ]’mﬂﬁLﬁU
fnwmnndn 16 Yu Fennsliinduvesdn PV 1y
fhogaiiiusnsndunauiy (21 fu) dasdang
wanmsfiasdsznaulslasieseenlasnasudniy
nAnfudiinannseandntuluszivass Tnanns
wansvesarsuseneaulalasileseonlanaiuisasinli
Wandnsumeandiadu loun danlasuazalay tudu
(Chaijan et al.,2006; Sriket et al., 2015) usegnslsh

v
]

ANUAIDYIAUNINIINATLBULAT PV ANNILED
Wisuieuiumegeauanlaelaivuiuusuaniasy
Tupansdouen

A1sasuwladvada TBARS mamémﬁmsﬁug
PONHANLAENISLESUNINTILDUNIS DAL 0.5, 1.0 LAy

| 2 o a:' a N <

2.0 sgwhenmsiiusnunilganndl 4 esrwadea 1y
van 21 3 (Fig.1-b) wui viywennsned1aisiLANuLay

Tadduninandsaunelidfinnuwnnetaiuveaaan TBARS

Tufudl 0 ilesvervirarnisifiuinenfiudunudn
AN uTEaNNAI8E19dA1 TBARS Wuduegad
Todfy (P<0.05) wariiUSunmasiingsan 14 Yuves
nsivinun Gaman1sideiildaenadosiunisdnuily
lnsenvandaasulugnundlnenudn e TBARS wiiuu
Tunniedsiaduuaslifingusassenitanisiu
Snwilurag 18 JuwsnwarldfiniswasuwUasaudatud
21 993 sLAuSnE (Sriket et al, 2015) M3AsTIvDIAT
TBARS luraaszezinaninavesnisifiusnviiuens
\esnannsifnufAzenseninedadlediunsnesilu
ase T1UsAu wasmUlnd (Schifs  base) finulu
nanAail@nsen (Dillard and  Tappel, 1973)
uenaniundadasinnufiseeendinduilsaneld
wazfnaluanamanunsagadslilusewinansifv
$nw1 Usvansnanlunisdudenn TBARS lushedis
wanSmyse AN diousaiiosnanlumda
NTaTdIAYUIITia 19U LweIdY (sesamin) Lag
e ludu (sesamolin) fifantalunisdudfasen

[

pondadu Fvinldarusadudinisiinujizen

o 4

sondindulundndgiviyeels (Elleuch et al, 2014)

v
1%

nygeiiunInTdounsfesar 05 A9 2.0 wui
annsatisannisiinuiizeteendndulusznioenis
& @ a a a & )
Wusnuigamgll 4 ssanea@ea (Wuian 21 Ju
won3aNIn1TvEaenIsIinuiseteandindudeildiu
Frlunistesiunisguidenmalavuinis uazan
Anudswneiudymavain (Choi et al, 2014;
Hayes et al., 2011)

Table 1 Proximate compositions of pork emulsion sausage (Moo Yor) added with various contents (0-2%) of

PPP at day 0 of refrigerated storage

Samples Moisture Protein Carbohydrate ~ Ash content  Fiber content
content (%) content (%)  content (%) content (%) (%) (%)
Control 7089 +0.14" 1454 £ 080" 497 + 046 763 +087  197+002°  0.00+ 0.01°
PPP 0.5%  69.86 «2.89° 14.62+0.18 500+ 058" 853+ 112°  199+0.18  045= 010
PPP1.0% 68.65+0.11° 1482+0.15 530+ 050"  921+120°  202+012" 065+ 022"
PPP2.0% 68.03 + 0.40" 1515+020" 540 +020° 920+ 1.00°  212+0.10"° 082+ 0.10"

Value are mean +SD (n=3). Different superscripts in the same column indicate the significant differences

(P<0.05)
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Fig. 1 Scanning micrographs of pork emulsion sausage (Moo Yor) added with various contents (0-2%) of PPP.

Magnification: 3000x, (a); Control (without PPP addition), (b); PPP 0.5%, (c) PPP 1.0%, (d) PPP 2.0%

4. And
ravesmsBnnTseundlusERUTLAn ANy
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4 peawadealunan 21 T (Fig. 3) luuusnuesns
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| a v  eda Lo 1% e
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WAIU19ELARINLIS 2 EE AN TAUS N YL ALTY
danaliansasvelansedantan (MDA) #laain

° aaa 1Y

Ufiseneendiaduvesluiu (Fig. 3) viudasendunsa
xilumulndvdolusiuvinldevnsiiaduty (Sriket et
al, 2015) 3a¥ilvian L* anas uazdlan b* iudu nng
\Aedwdeslusimsidanvmuianufizereondiadu
voslusufuanngdrAyivinlinisseusuluda
HARAoTsanal MnHanTsAaeTildEuandl i
hmsiunneaseuiisesay 0.5-2.0 a1u15avEanIS
WasuulasdveandnSasivysefiivinuilgumgd 4
pargalTedls
5. gUuuuvasnsaluiiu
suuvunsalusiurendnfaminyeofindnlngnis
Funnatseunfissduanansiy waziusnenly
na1 21 Su (Table 2) Tpeitalunudn finasidunn

&IR/ 1A ' a a £
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a
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Waiewantey Sovay 0-2) laavluwainansue
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nypslunsfnuiadsidnduesnsnladuFesmudidy
el MUFA>SFA> PUFA (Table2) Tnenuinsaloadn
JUsHNgIEnTesRnAe nIAUIATRAN warnIaluasn
agnalsfimu DHA uae EPA Sufunsaluturiialewwdn
3 fiflauddydeszuuanudiuaranesidimuidy
ssfUsznevlundndusitldainnisdnwiaded nns
wﬂaaﬂﬁaaﬂﬂﬁaﬂﬁumiﬁmﬂwa\‘i Intarasirisawat et al
(2014) WU nsaleLadn NIAUIANAN LaznINAlWLasN
Juesriuszneunaniundnsiaueildnsenvaign
\evinisiiusnymdndusinygeedl 4 eaen
waldea Wuan 21 Yu wudn Snnsdsunlasves
Ysunansaludiuuiesia (Table 2) wuidn Ysunadves
nsalutuladuda (Unsaturated fatty acids) anadidle
svoznannfiuinu ity Tnenuidnisanacetis
wudalufieganiuau denisanasvesnsaluull
duslaeianznsndludnuaznsnlutusialewdi 3
U DHA way EPA tutnazunanaaudedhvesnsa
lusfulsiduviindsenninufAseneendindu ng
anasvesnsaluumaniiaenndostunisiiutuvesen
PV Wag TBARS (Fig. 2) nmamsaneiaziiuldinnms
Wuninetdeundlundnfusinyseannsataesiunis
gadonsaludusndunaznsalosuvialaidusald
wenandudanuit nsaledusindusa (SFA) ves
fegrmuauiuTinuintudntiossuinenisifu
Fnwn mm,?mmmw%ﬁaummmsaammsLﬁmﬂﬁﬁ%m
sandinduvesnsnlusulaidudlundnsusinyee
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0 7 14 21
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Effect of PPP at various levels (0-2%) on

PV (a) and TBARS (b) of pork emulsion
sausage (Moo Yor) during 21 days of
refricerated storage. Bar represents the
standard  deviation (n=3). Different
lowercase letters within  the same
storage time indicate the significant
differences (P < 0.05). Different
uppercase letters within the same
treatment (same PPP level) indicate the
significant differences (P < 0.05). Control:
Moo Yor without addition of PPP; 0.5%:
Moo Yor added with 0.5% PPP; 1: Moo Yor
added with 1% PPP; 2: Moo Yor

added with 2% PPP
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Fig. 3 Effect of PPP at various levels (0-2%) on

color (L*, a* and b*) values of pork
emulsion sausage (Moo Yor) during 21 days
of refrigerated storage. Bar represents the
standard  deviation  (n=3).  Different
lowercase letters within the same storage
time indicate the significant differences (P
< 0.05). Different uppercase letters within
the same treatment (same PPP level)
indicate the significant differences (P <
0.05). Control: Moo Yor without addition of
PPP; 0.5%: Moo Yor added with 0.5% PPP;
1: Moo Yor added with 1% PPP; 2: Moo Yor

added with 2% PPP
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6. andnuazodudia
HATOINISLATIN N e uRI TSz uLANA ey
(owaz 05 1.0 uaz 2.0) siammﬂﬁauuﬂammmw
medudnuusideduda (TPA) vosnandusivyso
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21 Ju (Table 3) lun1sneaaousl TPA  Huagsiinis
nadouanun 4 AldunAn hardness Ae w3sd1uan
wilsiidedldlun138ning cohesiveness e AN
udaussvesiusznelufie1901m1s springiness Ao
nsfushetsBanguiliintuilonsunssiiudnoonuay
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laiflanuuanaatuluseninanmsifusnwdunan 7 Su
Tunninegns lusmsfidenanmaivinvifisiudy
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14 Fu A1 hardness YasgRsAIUANARRIBE T Tad ARy
(P<0.05) Tuvaurilugnsiiiunnadfounstliiing
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ffuf" hardness  189vyBaYNFI0E19ARATEE 9T
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\dlofiansanAn cohesiveness  uax springiness
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(Table 3) Tudiuvasd chewiness  wuinldidnag
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wuadidelunguiifuuuaiidefiasgléafigaumg i

anansalasguazuanoule wu laa (lipases) uay

a

1UsALoa (protease) aunsngaslodu wazlusaulu

nanAnuilodninasrueals (Srket et al, 2015) Fadu

Y
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Table 2 Fatty acid profiles of pork emulsion sausage (Moo Yor) added with PPP at various levels (0-2%)

before and after 21 days of refrigerated storage

Fatty acids (g/100g lipid) Day 0 Day 21

Control Control 0.5% 1.0% 2.0%
C10:0 0.05 0.06 0.05 0.05 0.05
C12:0 0.07 0.07 0.07 0.07 0.07
C14:0 1.09 1.10 1.09 1.09 1.09
C14:1 0.01 0.01 0.01 0.01 0.01
C15:0 0.05 0.05 0.05 0.05 0.05
C16:0 21.96 23.90 22.01 22.0 22.01
C16:1 n-9 trans 0.03 0.02 0.03 0.03 0.03
C16:1 n-7 1.42 1.41 1.42 1.42 1.42
C17:0 0.25 0.25 0.25 0.25 0.25
C18:0 11.20 11.29 11.20 11.25 11.20
C18:1nl1trans 0.15 0.15 0.15 0.15 0.15
C18:1 n-9 38.72 38.01 38.72 38.70 38.72
C18:1 n-7 1.54 1.29 1.54 1.54 1.54
C18:2n-6 18.90 12.1 15.20 15.20 15.20
C18:3 n-3(ALA) 1.55 1.55 1.55 1.55 1.55
C18:3 n-6 0.04 0.04 0.04 0.04 0.04
C18:4 n-3 0.06 0.05 0.06 0.06 0.06
C20:0 0.24 0.24 0.24 0.24 0.24
C20:1 n-9 0.77 0.77 0.77 0.77 0.77
C20:2 n-6 0.76 0.76 0.76 0.76 0.76
C20:3 n-3 0.20 0.20 0.20 0.20 0.20
C20:4 n-6 (ARA) 0.34 0.34 0.34 0.34 0.34
C20:5 n-3 (EPA) 1.02 0.02 0.55 0.69 0.70
C21:0 0.11 0.11 0.11 0.11 0.11
C22:0 0.02 0.02 0.02 0.02 0.02
C22:1 n-9 0.02 0.02 0.02 0.02 0.02
C22-6 n-3 (DHA) 1.25 0.05 0.72 0.88 0.90
C24:0 0.13 0.13 0.13 0.13 0.13
C24:1 0.02 0.02 0.02 0.02 0.02
MUFA 42.68 417 42.68 42.66 42.68
PUFA 24.12 15.11 19.42 19.72 19.75
UFA 66.8 56.81 62.1 62.38 62.43
SFA 35.17 37.22 35.22 35.26 35.22

Values are mean +SD (n=2). MUFA: monounsaturated fatty acid; PUFA: polyunsaturated fatty acid; UFA: unsaturated fatty acid;
SFA: saturated fatty acid.
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Table 3 Effect of PPP at various levels (0-2%) on texture profile analysis (TPA) of pork emulsion sausage

(Moo Yor) during 21 days of refrigerated storage

TPA Samples Storage time (days)
0 (NS) 7 (NS) 14 (NS) 21 (NS)
Hardness (N) Control 19.45 + 0.44° 18.10 + 0.90° 16.12 + 0.80° 14.20 + 0.78"
PPP 0.5% 20.10 + 0.88° 20.00 + 0.45° 19.42 + 0.54° 16.10 + 0.90"
PPP 1.0% 20.20 + 0.65° 20.10 + 0.90° 19.00 + 0.90° 17.00 + 0.70°
PPP 2.0% 20.10 + 1.10° 20.20 + 0.70° 19.10 + 0.80° 17.10 + 0.45°
Cohesiveness Control 0.39 + 0.06" 0.38 + 0.03° 0.37 + 0.01° 027 + 0.03"
PPP 0.5% 0.41 + 0.05" 0.40 + 0.05" 0.41 + 0.07° 0.39 + 0.05"
PPP 1.0% 0.42 + 0.02° 0.41 + 0.03 0.41 + 0.02° 0.40 + 0.02°
PPP 2.0% 0.42 + 0.01° 0.41 + 0.01° 0.41 + 0.02° 0.40 + 0.02°
Springiness Control 12.45 + 1.17° 12.05 + 1.00° 11.05 + 0.60° 10.05 = 0.17°
PPP 0.5% 12.49 + 1.92° 12.98 + 0.93° 11.10 + 0.90° 11.08 + 0.95°
PPP 1.0% 12.95 + 0.93° 12.88 + 0.80° 11.90 + 0.95" 11.40 + 0.89°
PPP 2.0% 13.22 + 2.00° 12.98 + 0.93° 12.50 + 1.00° 11.50 + 0.90°
Chewiness (N)  Control 13.78 + 1.80° 12.80 + 1.20° 11.90 + 0.80° 800+ 1.17°
PPP 0.5% 13.68 + 3.81° 12.88 + 0.90° 11.80 + 0.95° 8.69 + 1.00°
PPP 1.0% 13.88 + 1.00° 12.88 + 0.90° 11.98 + 1.20° 8.80 + 1.02°
PPP 2.0% 13.93 + 0.55° 12.90 + 1.10° 12.55 + 1.00° 8.89 + 1.00°

Value are mean £SD (n=3). Different superscripts in the same row indicate the significant differences (P<0.05).

NS means non-significant differences (P>0.05)
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Table 4 Effect of PPP at various levels (0-2%) on likeness score of pork emulsion sausage (Moo Yor)

during 21 days of refrigerated storage

Likeness score Samples Storage time (days)
0 7 14 21
Color Control 730 + 0.20"" 6.90 + 0.21" 6.23 + 020" 527 + 040"
PPP 0.5% 710 + 0.86" 695+ 027" 6.60 + 1.00" 6.60 + 0.78""
PPP 1.0% 720+ 077" 6.90 + 0.30™" 6.70 + 0.20™" 6.60 + 0.18"
PPP 2.0% 7.15 + 060" 6.95+ 097" 6.70 + 0.40™" 6.60 + 0.22"
Odor Control 673 + 070" 6.50 + 0.38"" 6.10 + 0.48" 473 + 028"
PPP 0.5% 6.80 + 0.85" 650 + 1.01”" 6.13 + 078" 597 + 093"
PPP 1.0% 6.80 + 050" 6.45 + 060" 6.17 + 0.50"" 590 + 0.77"
PPP 2.0% 6.87 + 0.45% 657 + 050" 6.20 + 0.70" 592+ 0.35"
Taste Control 7.95 + 1.00" 773+ 101" 6.70 + 1.02™" 457 + 055"
PPP 0.5% 797+ 077" 763 + 083" 7.10 + 1.00™ 670 + 0.75"
PPP 1.0% 7.86 + 060" 770 + 1.00™ 697 + 1.03" 673+ 070"
PPP 2.0% 7.90 + 0.80™" 750 + 0.90"" 7.00 + 1.00™ 6.67 + 090"
Texture Control 6.27 + 094" 6.13 + 1.02" 570 + 0.70" 4.17 + 0.45™
PPP 0.5% 6.83 + 079" 6.60 + 0.93" 657 + 094" 580 + 0.76"
PPP 1.0% 6.70 + 0.90™ 6.60 = 1.02"" 6.45 + 0.88"" 590 + 0.66"
PPP 2.0% 679 + 0.95” 655+ 0.80"" 6.47 + 0.40™" 586 + 0.70"
Overall Control 653 + 0.86" 6.17 + 0.87" 6.13 + 0.94" 4.67+076"
PPP 0.5% 7.03 + 059" 6.90 + 0.84" 6.70 + 0.80"" 6.63 + 083"
PPP 1.0% 7.20 + 080" 6.90 + 1.00™ 6.68 + 0.60" 6.60 + 0.63"
PPP 2.0% 7.15 + 089" 6.95 + 0.88"" 6.70 + 1.02™" 6.65+ 075"

Value are mean=SD (n = 30) Different lower case letters within the same column and same likeness score indicate the
significant differences (P<0.05)
Different upper case letters within the same row indicate the significant differences (P<0.05)

Score: 1 = not like very much, 5 = neither like nor dislike and 9 = like extremely

Table 5 Psychrophilic bacteria content (cfu/g) of pork emulsion sausage (Moo Yor) added with various levels

(0-2%) of PPP during refrigerated storage for 21 days

Samples Storage time (days)

0 7 14 21
Control ND 4.6x10° 57x10° 56x10°
PPP 0.5% ND 2.4x10° 1.4x10° 4.6x10"
PPP 1.0% ND ND 1.6x10° 43x10°
PPP 2.0% ND ND 1.3x10° 32x10°

Value are mean+SD (n = 3), ND: non detectable
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Research Article

Screening of Thermophilic and Halophilic Cellulase — Producing Bacteria

from Saline Soil Samples

Phakamas Rachamontree*

Program in Biology, Faculty of Science and Technology, Rajabhat Maha Sarakham University,
Maha Sarakham, 44000, Thailand

Abstract

Maha Sarakham Province is an agricultural area with primarily rice cultivation cause large amounts of
rice straw after the harvest season. The application of cellulase - producing bacteria for rice straw degradation
is more attention because it is an environmentally friendly. This area is mostly tropical drought and soil
salinity hence some such extremotolerant bacteria can thrive in these conditions as desired. Thus, this
research aimed to isolate the cellulase - producing thermophilic and halophilic bacteria. Seventy saline soil
samples were collected from rice fields in Maha Sarakham Province, Thailand. A total of one hundred and six
isolated bacterial isolates were obtained from soil salinity. The cellulase - producing activities was preliminary
examined using the formation of clear zone observation on CMC agar. The results revealed that nine
generated isolations was 25-105 mm of clear zone radius. The cellulase production of each isolate was
estimated by enzyme activity after various cultured condition in medium broth. The effect of salt
concentration on cellulase production was conducted in lactose broth containing 1% CMC with varying
concentrations of sodium chloride (3-10%). The results revealed that there were no significant differences in
enzymatic activity. The highest enzyme activity was found in RMU41 with a value of 0.826+0.007 U/mL at 50
°C (salt concentration of 10%) and found the cellulase activity of 0.246+0.031 U/mL when cultured in lactose
broth supplementation with rice straw as a carbon source in 2.5% concentration. The 16S rDNA sequence
analysis was indicated that the RMU41 strain was highly related with Streptomyces thermogriseus and

Streptomyces thermovulgaris of 99.79% similarity.
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Introduction

Thailand is predominantly an agricultural
country, especially rice cultivation by total acreage
of 25.70 million acres. After the harvest, leaving
stumps or rice straw is eliminated to the utilization
of land area for the next cultivation. Large
amounts of rice straw are produced every year
around 25.45 million tons by the most quantity of
13.70 million tons per year in the Northeast (Land
Development Department, n.d.), even farmers are
bringing rice straw to make other useful
applications (as animal feed, fertilizer, etc.) but
they remain a lot of rice straw. The farmer is
getting rid of rice straw by burning, which is a time
- saving method, but this causes environmental
pollution and destruction of soil fertility. The
biological method for rice straw degradation such
as enzyme digestion is more attention because of
environmentally friendly. Rice straw is renewable
lignocellulose, which contains three major
polymer  groups: cellulose  of  32.15%,
hemicellulose of 28%, and lignin of 19.64%
(Shawky et al., 2011). Cellulose, a major cell-wall
constituent  of higher plant, is a linear
polysaccharide consisting of b-1,4-linked D-glucose
residues. They are commonly degraded by the
cellulase enzyme which consists of three major
components, i.e., endoglucanases, exoglucanases
and B—glucosidases (Lugani et al, 2015).
Therefore, the application of cellulase - producing
microorganism for rice straw degradation have
been interested. In addition, the using exogenous
cellulase not only to accelerate rice straw
decomposition, but also increase soil fertility (Han
and He, 2010).

Cellulase is generally considered to be

performed by a variety of microorganisms,

Uil 14 atuil 2 nangnAu - Fuaau 2560

including fungi and bacteria (Sheng et al,, 2016).
However, cellulases from bacteria are widely
exploited because of high growth rate and inhabit
a wide variety of environmental and industrial
niches that are extreme environments such as
thermophilic or psychrophilic, alkaliphilic or
acidiophilic and halophilic strains (Sadhu and Maiti,
2013). Moreover, cellulase is widely applied, due
to its potential applicability in various processes
such as enzymatic clarification, biogas production,
bioethanol production, triphasic biomethanation,
agricultural and plant waste management, chiral
separation and ligand binding studies, starch
processing, textile industry etc. (Rekadwad et al.,,
2015; Mohanta, 2014). Maha Sarakham Province is
an agricultural area with primarily rice cultivation
by rice acreage of 818,671 acres (Office of
Agricultural Economics, n.d.) that produce large
amounts of rice straw after the harvest season.
More than 95% of the total area cover by potash
and rock salt (Department of Mineral Resources,
2009) cause the problem of soil salinity. The
present study focused on thermophilic and
halophilic bacteria, due to they could survive and
grow at high temperature and salinity condition in
this area. A group of facultative thermophilic
bacteria grow at high temperature with the
optimum temperature of about 50°C. Halophilic
bacteria are able to grow optimally in media
containing NaCl concentration of 3-15% (Yu and Lj,
2015). Therefore, the objectives of this study were
to isolated and screened the thermophilic and
halophilic cellulase - producing bacteria from soil
samples obtained from rice fields in Maha
Sarakham province, Thailand that has reported

issues of soil salinity problems.
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Materials and Methods

1. Sample collection

Soil samples were collected from the top 0-
15 ¢cm (Han and He, 2010) of rice fields in 6
districts (Phayakkhaphum Phisai, Chiang Yuen,
Kantharawichai, Borabue, Wapi Pathum, and Na
Dun) in Maha Sarakham Province, Thailand that
has reported issues of soil salinity problem in
isolation of cellulase - producing bacteria. Samples
were collected in sterile bottles and stored at 4°C
until used.
2. Isolation of thermophilic bacteria

Twenty - five grams of soil samples were
diluted in 225 ml of butterfield's phosphate buffer
by ten-fold serial dilution. After that 100 pl of
diluted samples were spread on carboxymethyl
cellulose (CMC) agar contained (per liter) 0.2 g of
peptone, 2.0 g of NaNO;, 1.0 ¢ of MgSO,.7H,0, 1.0
g of K,HPO,, 0.5 ¢ of KC|, 2.0 ¢ of carboxymethyl
cellulose and 1.7 ¢ of agar (Kasana et al., 2008).
After incubation at 50°C (optimum temperature of
facultative thermophilic bacteria) for 48 hours, the
morphologically different colonies were purified by
streak technique on CMC agar and preserved at
4°C until used.
3. Screening of cellulase - producing bacteria

Each purified isolate was cultured in
Lactose broth (LB) consisted of (per liter) 3.0 ¢ of
beef extract, 5.0 ¢ of peptone, 5.0 ¢ of lactose as
inoculum. Five microliters of inoculum were
spotted on CMC agar and incubated at 50°C for 48
hours. After that plates were flooded with 0.1%
Congo red for 15-20 minutes and then destained
with 1 M NaCl for 15-20 minutes (Kasana et al.,
2008). The preliminary cellulase - producing

activities were estimated by clearing zone around
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the colonies and hydrolysis capacity (HC value) as

shown in equation (1) (Lu et al., 2005).

diameter of clearing zone (cm)

HC = diameter of colony (cm)
4. Examination of halophilic cellulase -
producing bacteria

The isolated bacteria were inoculated into
50 ml of LB medium containing 1% CMC as a
carbon source (Yang et al., 2014) and supplement
with different concentrations of NaCl vary from 3
to 10% (w/v). The culture was incubated at 50°C
using shaken mode, for 48 hours at 220 rpm. The
enzyme activity was examined by using cell-free
supernatant after centrifugation at 10,000 rpm
under 10°C for 10 minutes.

The enzyme activity was measured the
releasing of reducing sugar from the using of 1%
CMC as substrate compared to the glucose
standard curve as a control. The suitable diluted
cell - free supernatant 0.5 ml was mixed with 0.5
ml of 1% CMC in 0.05 M citrate buffer (pH 4.8) and
incubated at 50°C for 30 minutes. The reaction was
added 2 ml of Dinitrosalicylic acid (DNS) and
boiled for 15 minutes, then stop reacting by
cooling in ice (Krairitthichai, 2009). The amount of
reducing sugar released by the hydrolysis of CMC
was measured at 540 nm by the DNS method
(Miller, 1959). One unit of cellulase activity was
defined as the amount of enzyme to release 1
pumol of reducing sugar per minute, showed as
units per milliliter (U/mL).

5. Examination of rice straw degradation

The isolated bacteria was inoculated into 50
ml of basal medium containing (per liter) 5.0 ¢ of
(NH,),S0,, 10.0 g of KH,PO,, 5.0 g of K,HPO,, 0.1 g
of MgSQ,, 0.2 ¢ of NaCl, and 10.0 ¢ of yeast extract

that supplement with different concentration of
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rice straw varies from 0.5 to 2.5% (w/v) (Lugani et
al., 2015) as carbon source. The culture was
incubated at 50°C and centrifuged at 10,000 rpm,
10°C for 10 minutes. The cell - free supernatant
was examined for enzyme activity by DNS method.
6. Identification of bacterial strain

Only one isolated bacteria was showed the
highest enzyme activity was selected as a
cellulase - producing bacteria for identification of
strain. A genus and species of the selected isolate
was identified based on the similarity of 16S rDNA
gene sequence. The genomic DNA of the selected
isolate was extracted by using Genomic DNA mini
Kit (Geneaid Biotech Ltd., Taiwan) and used as
template for PCR reaction. A PCR product for
sequencing was conducted by using the following
two primers, 20F (5’-GAG TTT GAT CCT GGC TCA G-
3’, positions 9-27 on 16S rDNA) and 1500R (5’-GTT
ACC TTG TTA CGA CTT-3’, position 1509-1492 on
16S rDNA).

The nucleotide sequence from all primers
was assembled by the Cap contig assembly
program, an accessory application in BioEdit
(Biological sequence alignment editor) program.
The identification of phylogenetic neighbors was
initially proceeded with the BLASTN program with
the database of published prokaryotic type strains.
7. Statistical analysis

The data were analyzed by one-way
analysis of variance (one - way ANOVA) using the
enzyme activity as the factor. Means were
compared by post hoc Duncan’s test and

statistical significance was defined as p<0.01.

Results and Discussion

1. Isolation and screening of thermophilic

cellulase - producing bacteria

Uil 14 atuil 2 nangnAu - Fuaau 2560

Seventy soil samples were collected from
rice fields in six districts i.e. Phayakkhaphum Phisai,
Chiang Yuen, Kantharawichai, Borabue, Wapi
Pathum, and Na Dun. Soil samples were diluted
and spread plate. The results were showed 106
isolates on CMC agar with different morphology
after incubating at 50°C for 48 hours. Congo red
assay on CMC agar was used to primary screen
cellulase - producing capacity of bacteria. Results
reveal nine isolates that appeared radius of
clearing zone >10 mm range of 25-105 mm (Fig. 1)
around the colony and high hydrolysis capacity
(HO) value (Table 1). Table 1 was showed radius
clearing zone and HC value of selected isolates
that were parameters explained the ability of
theses isolates to produce cellulolytic enzymes by
using CMC as substrate. The results were surprising,
isolate RMU30_ 1, RMU30 2, RMU36 and RMU37
revealed a low radius of the clearing zone, but
high in hydrolysis capacity, in contrast to isolate
RMU41 generated a high radius of the clearing
zone but at lowest in hydrolysis capacity. These
variation  results  probably due to  some
inconstancy experimental parameters such as pH
change, temperature, incubation time during
growth period and enzyme production process
(Ahmad et al., 2013).

2. Examination of halophilic cellulase -
producing bacteria

Nine isolations that generated large clearing
zone by Congo red assay on CMC agar were
selected to examine the enzyme activity at high
temperature. Data obtained from this study was
tested by one-way ANOVA by post hoc Duncan’s
test. The results could be divided into five groups;
the highest enzyme activity of 0.800+0.020 U/mL
was obtained in bacterial isolate RMU41 (Fig. 2)
that is significantly different (p<0.01) with other
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isolates follow by isolate RMU20 4 (0.774+0.071
U/mL), isolate RMU25 and RMU30 2 (0.658+0.005
to 0.661+0.022 U/mL), isolate RMU43 (0.585+0.085
U/mL), and the lowest enzyme activities were
obtained in isolate RMU29, RMU30_1, RMU36 and
RMU37 (0.459+0.024 to 0.552+0.100 U/mL).

Table 1 Radius clearing zone and HC value of

selected isolate

Isolated Radius of clearing

number zone (mm) FC value

RMU20 4 30 3.67
RMU25 105 5.25
RMU29 80 1.69

RMU30 1 25 5.80

RMU30 2 25 6.60
RMU36 25 4.20
RMU37 25 5.80
RmMU41 100 1.35
RMU43 70 1.93

The Experiment was tested the influence of
salt concentration on cellulase production. The
isolated bacteria RMU41 that generated a high of
enzyme activity was selected for examination of
the influence of salt concentration on cellulase
production using DNS method. The results were
revealed that the isolate RMU41 was showed salt
tolerance up to 10% NaCl concentration (w/v) at
50°C  with the highest enzyme activity of
0.826+0.007 U/mL, which no significant differences
(p>0.01) (Table 2) as compared to other salt
concentration. Singh et al (2010) documented
that the salt - tolerant alkaliphilic actinomycetes
from the saline habitats could be produced

extracellular  enzymes  including  proteases,
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amylases, cellulases and lipases at higher salt and
alkaline pH condition.
3. Examination of rice straw degradation

The isolated bacteria RMU41 was cultured
in basal medium supplement with rice straw as a
carbon source in different concentrations (0.5-
2.5%, w/v) at 50°C to estimate the enzyme activity.
The highest enzyme activity of 0.246+0.031 U/mL
was found in rice straw concentration of 2.5% (Fig.
3), which is significant differences (p<0.01) as
compared  with  the  other rice  straw
concentrations. Saratale et al. (2012) who reported
that Streptomyces sp. MDS grown in Dubos
medium and used a natural agricultural residue
(rice  straw) and wood straw at an initial
concentration of 10 ¢/L as a carbon source for
cellulase (exoglucanase) production at 30°C which
enzyme activities were observed of 8.51 and 1.35
U/mL, respectively.
4. ldentification of bacterial strain

The morphological observation  further
demonstrated that RMU41 is a rod shaped Gram-
positive bacterium. To identify the RMU41, a
fragment of 16S rDNA was generated by PCR
reaction and sequenced as described in the
method. The sequencing result has 100%
homology to 16S rDNA fragment of Streptomyces
sp. Isolate RMU41 shared, particularly high
similarity percentage of nucleotide sequence
(99.79%) with Streptomyces thermogriseus and
Streptomyces thermovulgaris was observed and
then called RMU41 as Streptomyces sp. RMU41.
According to Mohanta (2014), reported the
cellulase production by the actinomycetes on
mesophilic condition that found cellulase activities
ranged from 0501 to 1381 U/mL. While
Streptomyces sp. RMU41 produced the enzyme
activities ranged from 0.645-0.826 U/mL at
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thermophilic and halophilic conditions. According
to the previous studies reported that
Streptomyces sp. DSK59 achieved a maximum
endoglucanase at 42.5-45°C and pH range of 6.25-
6.75 (Budihal et al, 2016)and several of
Streptomyces sp. has the optimal temperature for
cellulase activity of 40-55°C (McCarthy, 1987).
Moreover, the application in many aspects of
cellulase has been studied such as food, animal
feed, textile and laundry, agriculture, etc. In an

agriculture applications for enhancing growth of

crops, seed germination, rapid plant growth and
flowering and controlling plant diseases (Behera et
al., 2016). In this research found Streptomyces sp.
RMU41 can produce the cellulase activity of
0.246+0.031 U/mL with used rice straw as carbon
source. According to Abdulla and El-Shatoury
(2007) who reported that Actinomyces four
generas  (Kibdelosporangium, —Micromonospora,
Streptomyces and Nocardioides) were generated

cellulolytic enzyme could efficiently degrade rice straw.

Fig. 1 Clearing zone by Congo red assay on CMC agar of isolates (A) RMU20 4 (B) RMU25 (C) RMU29
(D) RMU30_1 (E) RMU30_2 (F) RMU36 (G) RMU37 (H) RMU41 and (I) RMU43
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Fig. 2 Enzyme activities of nine isolates at 50°C.
Means with the same letters are not
significantly  different  (Duncan’s  test,

p<0.01). Bars represented standard deviations.

Table 2 Enzyme activities of NaCl concentrations

variation by bacterial isolate RMU41

NaCl concentrations

(%, w/v) (U/mL)

Enzyme activity

0.754" + 0.028
0.645" + 0.091
0.723" + 0.023
0.792° + 0.036
0.814° + 0.011
0.808" + 0.002
0.792° + 0.000
10 0.826" + 0.007

O 0 N O AW

a'bl\/\ean values (+standard deviation) in the same column

by different letters are significantly different (p<0.01).
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Fig. 3 Enzyme activities of bacterial isolate RMU41
at 50°C  of wvarying the rice straw
concentrations (0.5-2.5%) as carbon source.
Means with the same letters are not
significantly ~ different  (Duncan’s  test,

p<0.01). Bars represented standard deviations

Conclusion

This  study purposed to isolate and
screened the thermophilic and halophilic cellulase
- producing bacteria from soil samples obtained
from rice fields in Maha Sarakham Province,
Thailand that has reported issues of a soil salinity
problem for further application in these extreme
condition areas. Totally 106 isolations were
isolated from these samples and 9 isolates have a
high hydrolysis capacity of the Congo red
screening method. Nine isolated candidates were
investigated for the influence of salt concentration
at high temperature (50°C) on enzyme activity.
RMU41 is the isolated bacteria that observed the
highest enzyme activity of 0.826+0.007 U/mL at a
salt concentration of 10% (w/v). It was identified
as Actinomycetes that has similarity of 100% to
Streptomyces sp. base on 16S rDNA gene

sequence.
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The present study found the cellulase -
producing Streptomyces sp. RMU41l at  high
temperature and high salt concentration suggests a
possible role of this microorganism for its
thermotolerant and halotolerant capabilities in
nature. Therefore, it could be optimized for
production yield and activity for application in rice
straw decomposition on stress condition and
reduced environment pollution from rice straw

burned.
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Digestive Characteristics of Dogs Fed a Dry Food Enhanced with Additional Beet Pulp

Anton C. Beynen*
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Abstract

Beet pulp has found favor in commercial dog foods as promoter of gut health, which means that beet-
pulp content claims are considered relevant. The question addressed was whether inclusion of beet pulp
beyond 5% of the diet can be done in practice. In a cross-over digestibility trial, six adult dogs were fed an
extruded dry food containing 5 or 10% beet pulp, the additional beet pulp being incorporated at the expense
of a grain mixture. The 10% versus 5% diet did not affect the percentage of apparent total digestive tract
digestibility of protein, while fecal output of dry matter and water were raised by 6 and 19%. It is concluded
that increasing beet pulp from 5 to 10% in a dry food is feasible if it involves an exchange with grains, and

provided that the associated increase in fecal volume is acceptable.
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Introduction

Beet pulp is the dried residue of sliced
sugar beets after the sugar constituent has been
extracted by hot water. It roughly contains 70% of
total dietary fiber which breaks up in 50%
insoluble and 20% soluble fiber (De Godoy et al.,
2013). The soluble fiber mainly includes pectins
(polymers of galacturonic acid). Beet pulp is widely
used as ingredient of commercial dog foods. It is
believed to support intestinal health as promoter
of bowel regularity through its insoluble fiber,
while its soluble fiber is regarded as a prebiotic
that stimulates growth of beneficial intestinal
bacteria.

Regular dry dog foods contain up to 5%
sugar-beet pulp. It has been reported that higher
inclusion levels depress protein digestion and
enlarge stool volume in dogs. Replacement of
corn starch by 7.5% beet pulp in extruded diets
decreased apparent fecal protein digestibility, or
the proportion of protein intake which is not
excreted in the feces, by 2.5% units (Fahey et al,,
1990a, 1990b, 1992). In those studies, beet pulp
feeding raised feces volume, frequency of
defecation and fecal moisture content. Similar
effects were seen when 7% beet pulp was mixed
into a corn-meat diet (Diez et al., 1998).

Depression of apparent protein digestibility
in dogs, due to high beet-pulp intake, can be
explained by two mechanisms that operate
simultaneously and relate to the pulp’s soluble
fiber which is indigestible, viscous and fermentable
(De Godoy et al., 2013). Ingestion of beet pulp
may increase the viscosity of small intestinal
contents, which interferes with digestion of
proteins by a reduction of the diffusion rate of

digestive enzymes and by less mixing of chyme.

Uil 14 atuil 2 nangnAu - Fuaau 2560

The soluble fiber component of beet pulp reaches
the hindgut where it serves as energy source for
the colonic bacteria. Thus, more bacterial protein
is excreted with the feces, which by itself lowers
apparent overall digestive tract digestibility for
protein.

Allen et al. (1981) used a diet consisting of
54.5% extruded corn, 30% extruded soybean
meal, 10% tallow, 0.5% vitamin mix and 5%
mineral mix. Dogs were fed on the ingredient
mixture moistened with an equal part of water.
Amounts of 6 and 12% beet pulp were substituted
for the same percentages of extruded cormn.
Apparent fecal crude protein digestibilities were
found to be 73.2% for the basal diet and 74.9 and
73.1% for the beet-pulp diets. The lack of effect of
beet pulp on protein digestion might be explained
by extruded corn having similar quantitative
effects on ileal fluid viscosity and colonic
fermentation.

The observations by Allen et al. (1981)
suggest that increasing beet pulp levels in dry dog
food, at the expense of grains, may not have
negative effects on digestion and feces
characteristics. As a consequence, it could be
possible to incorporate higher levels of beet pulp
into dry, grain-based dog food so that beet-pulp
content claims are reasonable. In other words,
such foods could be advertised as high in beet
pulp supporting gut health. The present
digestibility trial with dogs tested the feasibility of
raising beet pulp, in place of grains, from 5 to 10%

in an extruded food.

Materials and Methods

Three Beagles and three Schnauzers were

enrolled in a cross-over study with feeding periods
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of three weeks. The six male dogs were aged 4-12
years and weighed 13-16 kg. The ingredient and
analysed composition of the extruded diets is
given in Table 1. The amount of non-structural
carbohydrates  (nitrogen-free  extract)  was
calculated as residual fraction. The diets contained
either 5 or 10% beet pulp. The 5% diet was a
commercial dry dog food (Allco Primus Adult,
Vobra Special Petfoods). The 10% diet was the
commercial diet to which 5% additional beet pulp
was added at the expense of grains. In the two
diets, the grain component was a mixture
consisting of 46% rice, 31% corn and 23% barley.
The dogs were housed individually in kennels with
outdoor pens for 14 days, followed by 7 days in
metabolism cages. Food was provided once daily
(9 am) at a plane of 90% of the assumed dog’s
maintenance requirement (0.52 MJ metabolizable
energy per kgO'YS). The calculated energy content
of the diets was 1.7 MJ/100 ¢. The dogs had free
access to tap water and demineralized water while
housed in the kennels and in the metabolism
cages, respectively. During the last five days of
each period, feces and urine were collected
separately and quantitatively. On the last day,
dogs were walked to collect fresh feces for
bacterial enumeration and identification.

Feed, feces and urine were processed and
analysed as described earlier (Beynen et al., 2002).
The following microbe groups were quantified as
log,,/s wet weight of feces: anaerobic bacteria,
aerobic bacteria, Enterobacteriaceae,
Staphylococdi, Lactobacilli, Streptococci, Clostridia,
Bacteroidaceae, Bifidobacteria, Salmonella and
yeasts plus molds. The measure differences
between the diets containing 5 or 10% beet pulp
were checked for statistical significance with the

use of the paired Student’s t test as dictated by
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the cross-over design. For the microbe counts, the
Wilcoxon test was applied. The level of statistical

significance was pre-set at P<0.05.

Results and Discussion

Results

Table 2 shows that increasing the dietary
level of beet pulp from 5 to 10% significantly
raised the amount of fresh feces and diminished
fecal dry matter content. The apparent
digestibilities of dry matter, crude protein, crude
fat and non-structural carbohydrates were not
significantly influenced by higher beet pulp intake.
However, fat and carbohydrate digestion tended
to be increased and decreased, respectively.

The nitrogen balance elements, intake,
fecal and urinary excretion, were unaffected by
the level of dietary beet pulp (Table 3). High
intake of beet pulp produced an increase in fecal
ammonia and a decrease in group-mean fecal pH.

The counts for 10 bacterial groups and
yeasts plus molds in feces did not change when
the dogs were fed the diet with 10% beet pulp
when compared to 5% (results not shown). Table
4 shows that the higher beet pulp level had no
significant impact on apparent mineral absorption,
but it tended to make phosphorus more available.
Discussion

This study indicates that raising the beet
pulp level of an extruded food from 5 to 10%, at
the expense of a grain mixture, does not reduce
apparent fecal protein digestibility in dogs. Similar
results were published earlier by Allen et al
(1981), who used a corn-soybean diet and
increased the beet pulp content from 6 to 12%
beet pulp while lowering the corn fraction by 6%

units. Seemingly, equal amounts of beet pulp and

Uil 14 aliuil 2 nsngAu - Funau 2560

Volume 14 Number 2 July — December 2017



Prawarun Agr. J. Volume 14(2) 2017, Pages 295-301

corn have comparable effects on protein digestion
in the small intestine and on microbial protein
synthesis in the large intestine. This reasoning
might extend to grains other than corn as in this
study beet pulp was substituted for a grain
mixture with corn.

In one study, beet pulp was simply added
to a complete dog food (Diez et al., 1998), thus
replacing part of the food. In other studies, beet
pulp was substituted for corn starch (Fahey et al,,
1990a, 1990b, 1992), extruded corn (Allen et al.,
1981) or another fiber source such as cellulose
(Sunvold et al.,, 1995; Muir et al, 1996). The
impact of beet pulp should be considered in
terms of the exchange of diet components: the
observed effect is the net effect of the addition of
beet pulp and the omission of the counterpart. In
this light, it is easy to see that replacement of the
insoluble, non-fermentable cellulose fiber by beet
pulp caused a decrease in both apparent ileal
(Muir et al., 1996) and fecal protein digestibility
(Sunvold et al., 1995; Muir et al., 1996).

Beet pulp is often described as moderately
fermentable. Canine fecal microflora, which
reflects the colonic bacterial population, ferments
beet pulp better than cellulose, but not as fast as
citrus pectin (Sunvold et al., 1995). This study
clearly indicates that additional beet pulp instead
of grains stimulated bacterial fermentation in the
hindgut, yielding more short-chain fatty acids: the
diet high in beet pulp reduced fecal pH and
increased fecal water content. These beet-pulp
effects were accompanied by unchanged numbers
of fecal anaerobic and aerobic bacteria. In an
earlier study using the same methods as in this
study, total anaerobic and aerobic counts in

canine feces were significantly elevated by feeding
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a diet with 1% of oligofructose (Beynen et al.,
2002).

When the dogs were on the diet with extra
beet pulp, the amounts of fecal excretion of water
and dry matter were higher. The increase in fecal
water loss can be explained by excretion of more
short-chain fatty acids and their osmotic effect.
One third of the greater dry matter excretion was
accounted for by the lower group-mean
digestibility of carbohydrates. Possibly, the pectin
component of beet pulp had impaired starch
digestion in the small intestine (Silvio et al., 2000).
Additional beet pulp enhanced fermentation
which likely was accompanied by an increase in
fecal bacterial dry matter. However, this inference
is without backing as protein digestibility was not
depressed while anaerobic and aerobic bacterial
counts were not increased.

Increasing the beet pulp content of the diet
from 5 to 10% raised the amount of fresh feces by
15% and fecal water excretion by 19%.
Unfortunately, feces quality was not assessed by
visual inspection against a grading system. The
percentage of fecal dry matter was higher
compared with that for dogs fed a dry commercial
diet mixed with 30% dried tomato pomace
(Yuangklang et al., 2015). Those dogs had well-
formed stools with a slightly moist surface. The
feces produced by the dogs in this study probably
had acceptable shape and consistency because
the care taker did not report aberrant feces

quality.
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Table 1 Ingredient and analysed diet compositions

Table 3 Nitrogen excretion and fecal pH

ltems Dietary sugar-beet pulp
(g/100 g diet as fed)
5% 10%

Ingredients

Sugar-beet pulp 5 10

Grain mixture 29 24

Constant 66 66

components

Chemical analysis

Crude protein 28.1 28.3
Crude fat 16.3 17.0
Crude fiber 2.8 3.2
Crude ash 6.6 7.0
Moisture 4.9 55
Carbohydrates 41.3 39.0
Calcium 1.24 1.32
Magnesium 0.10 0.10
Phosphorus 0.76 0.78

Items Dietary sugar-beet pulp P
5% 10% value
Nitrogen intake, ¢/day  10.6 10.6

Fecal nitrogen, g/day 2.4 + 0.4 24+0.2 0.874

Urinary nitrogen, 7.7+08 7.6 £0.6 0.591
g/day

Fecal ammonia, 1.8 +£0.9 23+09 0.029
mmol/day

Urinary urea, mol/day 023 +0.04 023+0.03 0.977
Fecal pH 624+£020 6.05+0.28 0.092

Results are means + SD for 6 dogs

Table 4 Apparent mineral absorption

Items Dietary sugar-beet pulp P value

5% 10%

Mineral absorption, % of intake

Calcium 44 +50 101 +£7.2 0.110
Magnesium 228+ 5.6 258 + 8.7 0.198
Phosphorus 23.7+32 29.6 + 5.1 0.064

'Grain mixture: 46% rice, 31% corn and 23% barley

2Constant components: proprietary information

Table 2 Feces production and apparent macronutrient

digestibility
Items Dietary sugar-beet pulp
5% 10% P value

Feces production, g/day

Fresh feces 117 + 15.8 134 + 124 0.004

Dry matter 393+44 415+ 3.0 0.060
Fecal dry 336+ 1.7 31.0+ 1.5 0.007
matter, %

Apparent digestibility, % of intake

Dry matter 799+ 14 79.2+0.7 0.405
Crude protein 77.2+25 7T74+13 0.879
Crude fat 921+ 1.0 93.7+ 1.0 0.068
Carbohydrates 899+ 1.0 885+ 1.5 0.088

Results are means + SD for 6 dogs
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Results are means + SD for 6 dogs

Conclusion

This study shows that increasing the beet
pulp content of an extruded food from 5 to 10%,
at the expense of a grain mixture, raised fecal
volume moderately without negative effects on
digestive characteristics in terms of macronutrient
digestibility and fecal moisture content. This
information may be relevant to petfood
manufacturers who wish to meet a high level beet

pulp claim.
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