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Abstract

This research aimed 1o examine the socio-economic conditions of local fishemmen in Chi River, Khueang Nai
District, Ubon Ratchathani Province. Data were collected from fishermen who use fishing gears,
including local traps, gillnets and longlines in That Noi and Daeng Mo Sub-districts during March-
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June 2022. The result showed that the age of fishermen in both sub-districts ranged from 50 to 62
years old. In That Noi Sub-district, gillnet fishery had the highest fix operation cost at 3,345.80 baht
per fishing season while it was 5,352.38 baht in Daeng Mo Sub-district. Considering catch
composition of fisheries and current market values of individual aquatic species, the currentincomes
of fishermen in That Noi Sub-district obtained from fisheries using local traps, gilinets and longlines
were 80.50, 75.95 and 44.86 baht kg'1, respectively and the estimated break-even prices of the
respective fisheries were 66.2, 58.17 and 39.34 baht kg™'. For Daeng Mo Sub-district, the current
incomes of fishermen were 81.73, 80.86 and 85.50 baht kg‘1 for trap, gillnet and longline fisheries,
respectively and the estimated break-even prices of the respective fisheries were 63.99, 69.84 and
80.05 baht kg™

Keywords: Socio-economic, Fisheries Gear, Chi-River
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Figure 1 An example of break-even curve in relation to CoUE

Source: King (2007)
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Table 1 Estimated costs (baht) of fisheries in That Noi Sub-district

Costs Fishing gears
Trap Gillnet Longline
Average fishing days per year 213.16+90.62 84.50+£38.86 126+£108.88
Average number of gears used 29.63+£15.18 6.00+4.32 4.33+1.80

Costs (per fishing season)

Vessel cost

10,697.00+2,749.79°

10,975.00+2,658.80 °

9,946.67+3,115.59

Fixed costs per fishing season
Boat depreciation
Depreciation (per gear)
Boat maintenance

Total fixed costs (per fishing season)

1,174.68+£768.19
659.03+463.37
536.96+£357.36

2350.68+979.21°

1,379.45+912.26
1,400.85+962.00
565.50+391.20

3,345.80+£1257.33 °

990.53+521.32

375.93£173.19

536.60+£289.52
1,903.06+641.38 *

Variable costs (per fishing day)

Fuel

20.00£5.00

20.00+5.00

20.00£5.00

Note: Values with different superscripts within row are significantly different (p < 0.05).
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Table 2 Estimated costs (baht) of fisheries in Daeng Mo Sub-district

Costs

Fishing gears

Trap

Gillnet

Longline

Average fishing days per year

Average number of gears used

188.78+97.27
27.66+20.34

110.00+43.42
5.20£1.74

218.57£34.16
9.14+3.39

Costs (per fishing season)

Vessel cost

11,493.00+2,151.84 °

11,967.00+2,082.80 °

11,857.00+2,356.89 °

Fixed costs per fishing season
Boat depreciation
Depreciation (per gear)
Boat maintenance

Total fixed costs (per fishing season)

2,652.93+£2,509.52
821.29+589.94
558.07+£310.31

3,932.30+2,506.9°

2,666.00+2,315.63
2,078.40+993.43
607.86+313.82
5,352.38+1,967.1°"

2,737.00£2,389.87
834.35+£457.54
649.42+£342.98

4,220.78+2207.14 °

Variable costs (per fishing day)

Fuel

20.00£5.00

20.00£5.00

20.00£5.00

Note: Values with different superscripts within row are significantly different (p < 0.05).
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Table 3 Summary of annual fixed costs in the fisheries between the studied sites.

Areas That Noi Daeng Mo
Fishing gears
Trap 2,350.68 + 979.21 ° 3,932.30 + 2,506.94 °
Gillnet 3,345.80 + 1,257.33 ° 5,352.38 +1,967.13"°
Longline 1,903.06 + 641.38 ° 4,220.78 +2,207.14 °

Note: Values with different superscripts within row are significantly different (p < 0.05).

100 Local trap

80.50 (14.30)
80

60

40

Price (Baht per kg)

20

100 Gillnet
80 75.95 (17.78)
]
]

60

40

Price (Baht per kg)

20

100 Longline

80

60

44.86 (5.34)
1

40

20

Price (Baht per kg)

05 1 15 2 25 3 35 4 45 5 55 6 65 T 715

CpUE ( kg per day )
Figure 2 Break-even curves of the selected fisheries at That Noi Sub-district (the dash lines

indicate the current situations of CoUE and prices of each fisheries. Numbers in parentheses

are the profit values)
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Local trap
100

81.73 (17.74)

80

60

40

Price (Baht per kg)

20

0 Gillnet
100

80.86 (11.02)
80
60
40

20

Price (Baht per kg)

Longline

100 85.5(5.45)
80 |

60 \
40 :
20

Price (Baht per kg)

05 1 15 2 25 3 35 4 45 5 55 6 65 7 15

CpUE ( kg per day )

Figure 3 Break-even curves of the selected fisheries at Daeng Mo Sub-district (the dash lines
indicate the current situations of CpUE and prices of each fisheries. Numbers in parentheses

are the profit values)
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Table 4 Percentage and number of fishermen (in parentheses) with regard to decisions in

response to job satisfaction issue

Job satisfaction That Noi Daeng Mo
Number of fishermen who want to change their job 33 (24) 19 (13)
Number of fishermen who do not want to change their job 67 (49) 81 (56)
Total 100 (73) 100 (69)
1.Reasons not to change their job

Satisfaction with income from selling fish 29 (14) 75 (44)
Having skill in fishery 51 (25) 25 (12)
Too old to change other jobs 20 (10) 0
Total 100 (49) 100 (56)
2.Reasons to change their job

Decreased fish catch/decreased income/not balance to 79 (19) 0
household expenses

Unstable job 8 (2) 77 (10)
Seasonal job 13 (3) 23 (3)
Total 100 (24) 100 (13)
3.Passing on fishing knowledge to their children to pursue

fishing as an occupation

Want to pass their knowledge to their children 21 (15) 42 (29)
Do not want to pass their knowledge to their children 79 (58) 58 (40)
Total 100 (73) 100 (69)

Note: The numbers in parentheses are number of fishermen with responding to the questions.
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Abstract

This survey aimed to assess the diversity of fish species living Khlong Sak Nga, which is one of
the upper Pasak Basin. Fish samples were collected from November 2021 to August 2022 by using local
fishing gears. Thirty-eight fish species belong to 36 genera and 19 families were identified. Cyprinidae
was the most abundant species (15 species). The highest frequency of occurrence (100%) were Devario
laocensis, Mystacoleucus marginatus, Poropuntius bantamesis, Puntius brevis, Puntius rhombeus,
Rasbora paviana, Systomus rubripinnis, Paralaubuca riveroi, Poecilia reticulata, Channa gachua,
Channa striata, Trichopsis vittatus, Trichopodus trichopterus, Gyrinocheilus aymonieri, Schistura
waltoni, Balitora sp., Xenentodon cancila and Dermogenys siamensis. The highest E-value by number
were Mystacoleucus marginatus (9.25%) and Schistura waltoni (7.68%). The lower E-value by number

was Ompok hypopohthalmus (0.21%), Oxyeleotris marmorata (0.21%). The average values of diversity
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index and evenness index were 3.21+0.10 and 2.71+0.00 respectively. The Cyprinid fish showed the
highest diversity both the number of species and the number of individuals, indicated that the aquatic
environment qualities in the Khlong Sak Nga are in the optimal range of natural habitat for aquatic animals
living. The dissolved oxygen (4.11 — 8.24 m/l), water temperature (23.21 — 30.03 °C), pH (7.30 — 8.23)
ranged within the criteria suitable for the growth of aquatic animals.

Keywords: Fish biodiversity, Prevalence of fish communities, Khlong Sak Nga, upper Pasak Basin

Introduction

Klong Sak Nga is located in the area of Sila Sub-district, Lom Kao District, Phetchabun Province.
It is a stream that serves as a tributary of the Pasak River Basin and connected to Klong Tad, receiving
water from it and eventually merging with Klong Sak. This convergence creates a phenomenon known
as "two-colored river" near Ban Sak Nga School, Sila Sub-district, Lom Kao District, Phetchabun Province.
The water in Klong Sak Nga is less turbid compared to Klong Sak, which is the source of the Pasak River
that flows from Dan Sai District, Loei Province, and into the Pasak River Basin. The Pasak River Basin is
a long river basin divided into upper, middle, and lower sections. The upper Pasak River Basin,
characterized by high mountainous terrain, originates from the Phetchabun Mountains. It covers parts of
Dan Sai District in Loei Province, Nam Nao District, Lom Kao District, and Lom Sak District in Phetchabun
Province. This basin is a vital water source, sustaining the lives of the population in Phetchabun Province,
where the highest number of Pasak River Basin residents live, accounting for 55.53% of the total basin
population. The upper Pasak River Basin is utilized for various purposes, including residential
construction and agricultural activities such as rice and corn farming (Wannasri, 2011). Additionally,
aquatic resources, including fish, are utilized. However, without proper management, fish populations
may decline, impacting species diversity, which reflects the richness of the water source (Keawkhiew
et al., 2013).

Studying the fish species diversity in Klong Sak Nga, Sila Sub-district, provides current baseline
data on the fish species in this water source. This information is crucial for the conservation and
sustainable management of aquatic resources and can be used to promote ecotourism in the future for
the Sila community. Local residents practice fishing with bare hands, and this data can also serve as a
preliminary guide for understanding the distribution and abundance of fish species in Klong Sak Nga

and the Pasak River Basin.

o
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Methodology
1. Research Planning

Survey stations were established in Klong Sak Nga, in the area flowing through Sila Subdistrict,
Lom Kao District, Phetchabun Province. The study area was divided into three survey stations as follows:
1. The confluence of Klong Sak Nga and Klong Sak, 2. Klong Sak and 3. The lower part of Klong Sak
Nga near the end of the village. Each survey point covered a distance of 100 meters. Data collection
was conducted from November 2021 to August 2022, divided into three seasonal periods. Fishing tools
such as nets, seines, gill nets, cast nets, and fishing rods. Collected fish samples were identified and
categorized. Species that could not be identified on-site were preserved in 10% formalin solution and

then identified later in the laboratory.

2. Laboratory Study

The collected fish samples were studied for taxonomic characteristics, primarily using external
features for identification. References included Vidthayanon (2004), Kottelat (2000, 2001), and
Suvarnaraksha (2017). The conservation status of the identified fish species was checked against the

database of threatened species in Thailand (Vidthayanon, 2005).

3. Data Analysis

The collected data on fish species identification, number, species composition, and frequency
were analyzed as follows:
3.1 Frequency of Occurrence

F (%) = Number of times a species is found in samples x 100

Total number of sampling events
3.2 Percentage Species Composition (E-value) (Swingle, 1950)

E-value = Number or weight of a particular fish species x 100

Total number or weight of all fish species
3.3 Species Diversity Index (Washington, 1984)
The Shannon-Weiner Diversity Index was calculated according to the method of

Washington (1984):

H =Y. (pi log2 pi)
Where:
H = Species Diversity Index
P, = Proportion of the i-th species relative to the total number of individuals in the sample
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3.4 Evenness Index
This index indicates the distribution of fish species at each survey station and season.
A high value suggests that the station and season have a similar number and distribution of fish species.

The Evenness Index was calculated using Pielou's Index (Clarke and Warwick, 1994):

E =HMInSorHH . (H,. ., =InS)
Where:
E = Evenness Index
H = Species Diversity Index
S = Number of species found in the survey station or month
H..« = Maximum diversity index
Results

The study on the diversity of fish species in Klong Sak Nga identified a total of 19 families, 36
genera, and 38 species. The family Cyprinidae was the most diverse, with 15 species (Table 1). The
species composition analysis across different survey stations revealed that survey station 1 had the
highest fish species diversity, with 38 species. Survey station 2 followed with 37 species. In terms of
monthly species composition, August 2022 showed the highest species diversity, with 38 species (Table 2).

The percentage frequency of occurrence for each fish species, which indicates the overall
qualitative distribution of each species by distance and time, it was found that 18 species had a 100%
frequency of occurrence. These species are: Devario laoensis, Mystacoleucus marginatus, Poropuntius
bantamesis, Puntius brevis, Puntius rhombeus, Rasbora paviana, Systomus rubripinnis, Paralaubuca nivero,,
Poecilia reticulata, Channa gachua, Channa striata, Trichopsis vittatus, Trichopodus trichopterus,
Gyrinocheilus aymonieri, Schistura waltoni, Balitora sp., Xenentodon cancila and Demmogenys siamenss.
Conversely, four species were found the lowest frequency of occurrence at 50.00% (Clarias batrachus,
Notopterus notopterus, Ompok siluroides and Oxyeleotris marmorata). The habitat suitability and
distribution patterns of each fish species across different distances and time periods are shownin Table 2.

The percentage of species composition (E-value) indicates the survival efficiency or viability of
different fish species in the water body. The study found that the species with the highest E-value,
indicating the most abundance, was Mystacoleucus marginatus (9.25%). This was followed by Schistura
waltoni (7.68%) and Systomus rubripinnis (7.68%). The species with the lowest E-value were Ompok

siluroides and Oxyeleotris marmorata, both with an E-value of 0.21% (Table 3).

o
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The study of the fish community structure index in Klong Sak Nga revealed a diversity index and
an evenness index of 3.21+0.10 and 2.71+0.00, respectively. When examining the community structure
index by survey stations, survey station 2 had the highest diversity index and evenness index values of
3.28 and 0.91, respectively. According to the monthly survey data, August 2022 showed the highest

diversity index and evenness index, with values of 3.34 and 0.92, respectively (Table 4).

Table 1 Check list of fishes found in the Knlong Sak Nga during November 2021 to August 2022

Family/ Scientific name English common name

1. Family Notopteridae

Notopterus nototerus (Pallas, 1769)

2. Family Cyprinidae

Barbonymus gonionotus (Bleeker, 1850)
Devario laoensis (Pellegrin & Fang, 1940)
Esomus metallicus (Ahl, 1924)

Garra cambodgiensis (Tirant, 1884)

Mystacoleucus marginatus (Valenciennes, 1842)

Osteochilus vittatus (Valenciennes, 1842)
Poropuntius bantamesis (Rendahl, 1920)
Puntioplites proctozysron (Bleeker, 1865)
Puntius brevis (Bleeker, 1850)

Puntius rhombeus (Kottelat, 2000)
Rasbora paviana (Tirant, 1885)
Systomus rubripinnis (Valenciennes, 1842)
Labeo rohita (Hamilton, 1822)

Cirrhinus cirrhosa (Blotch, 1975)
Paralaubuca riveroi (Fowler, 1935)

3. Family Balitoridae

Balitora sp.

4. Family Nemacheilidae

Schistura waltoni (Fowler, 1973)

Bronze featherback

Silver Barb

Laos Danio

Flying Barb

Stone Sucker

Black margin spiny Barb
Striped Hard Lipped Barb
Stream Barb

Smith's Barb

Golden Little Barb
Spotted Barb

Black Striped Minnow
Red Cheek Barb

Rohu

Mrigla

Siames river abramine

Walton's Stream Loach
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Family/ Scientific name

English common name

5. Family Gyrinocheilidae
Gyrinocheilus aymonieri (Tirant, 1884)
6. Family Bagridae

Hemibagrus filamentus (Fang & Chaux, 1949)
Pseudomystus siamensis (Regen, 1913)
Mystus bocourti (Bleeker, 1854)

7. Family Clariidae

Clarias batrachus (Linnaeus, 1758)

8. Family Siluridae

Ompok siluroides (Lacepéede, 1803)

9. Family Hemirhamphidae
Dermogenys siamensis (Fowler, 1934)
10. Family Belonidae

Xenentodon cancila (Hamiton, 1822)
11. Family Poeciliidae

Poecilia reticulata (Peter, 1859)

12. Family Syngnathidae

Microphis boaja (Bleeker, 1851)

13. Family Mastacembelidae
Mastacembelus armatus (Sykes, 1839)
Macrognathus siamensis (Hora, 1924)
14. Family Ambassidae

Parambassis siamensis (Fowler, 1937)
15. Family Cichlidae

Oreochromis niloticus (Linnaeus, 1758)
16. Family Eleotridae

Oxyeleotris marmorata (Bleeker, 1852)
17. Family Anabantidae

Anabas testudineus (bloch, 1792)

Siamese Algae Eater

Yellow mystus

Asian Bubble-bee Catfish

Hi-fin Bagrid Catfish

Batrachian Walking Catfish

Sheatfish

Halfbeak

Freshwater Garfish

Guppy

Freshwater Pipefish

Zig Zag Eel

Peacock Eel

Glassfish

Nile

Marble Goby

Climbing Perch

o
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Table 1 Continue

Family/ Scientific name English common name

18. Family Osphronemidae

Trichopsis vittatus (Cuvier & Valenciennes, 1831) Croaking Gourami
Trichopodus trichopterus (Pallas, 1770) Tree Spotted Gourami
19. Family Channidae

Channa gachua Stream Snakehead Fish

Channa striata (Bloch, 1793) Striped Snakehead Fish

o
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Station Month
Family Scientific name F%
2 November 2021  April 2022  August 2022
Notopteridae Notopterus nototerus (Pallas, 1769) + - - + 50
Cyprinidae Barbonymus gonionotus (Bleeker, 1850) + + + + 83.33
Devario laoensis (Pellegrin & Fang, 1940) + + + + 100
Esomus metallicus (Ahl, 1924) i + + + 83.33
Garra cambodgiensis (Tirant, 1884) + + + + 83.33
Mystacoleucus marginatus (Valenciennes,
+ + + + 100
1842)
Osteochilus vittatus (Valenciennes, 1842) + 4+ + + 83.33
Poropuntius bantamesis (Rendahl, 1920) + +* + + 100
Puntioplites proctozysron (Bleeker, 1865) + + + + 83.33
Puntius brevis (Bleeker, 1850) + + + + 100
Puntius rhombeus (Kottelat, 2000) oa + + + 100
Rasbora paviana (Tirant, 1885) +* + + + 100
Systomus rubripinnis (Valenciennes, 1842) i + + + 100
Labeo rohita (Hamilton, 1822) e ¢ + + 83.33
Cirrhinus cirrhosa (Blotch, 1975) + + + + 83.33
Paralaubuca riveroi (Fowler, 1935) - + + + 100
Balitoridae Balitora sp. + + + + 100
Nemacheilidae Schistura waltoni (Fowler, 1973) + + + + 100
Gyrinocheilidae Gyrinocheilus aymonieri (Tirant, 1884) + + + + 100
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Station Month
Family Scientific name F%
2 3 November 2021 April 2022 August 2022

Bagridae Hemibagrus filamentus (Fang&Chaux, 1949) + + - + + 83.33
Pseudomystus siamensis (Regen, 1913) + = - + + 66.67
Mystus bocourti (Bleeker, 1854) + - - + + 66.67

Clariidae Clarias batrachus (Linnaeus, 1758) - - - + + 50

Siluridae Ompok siluroides (Lacepéde, 1803) + - - - + 50
Hemirhamphidae Dermogenys siamensis (Fowler, 1934) + + i + + 100
Belonidae Xenentodon cancila (Hamiton, 1822) + + 3 + + 100
Poeciliidae Poecilia reticulate (Peter, 1859) + + A + + 100
Syngnathidae Microphis boaja (bleeker, 1851) + - - + + 66.67
Mastacembelidae Mastacembelus armatus (Sykes, 1839) + - - + + 66.67
Macrognathus siamensis (Hora, 1924) + - - + + 66.67
Ambassidae Parambassis siamensis (Fowler, 1937) + + - + + 83.33
Cichlidae Oreochromis niloticus (linnaeus, 1758) 4 - - + + 66.67

Eleotridae Oxyeleotris marmorata (Bleeker, 1852) + - - - + 50
Anabantidae Anabas testudineus (bloch, 1792) + + - + + 83.33
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Station Month
Family Scientific name F%
1 2 3 November 2021 April 2022 August 2022

Osphronemidae Trichopsis vittatus (Cuvier&Valenciennes, 1831) A + + + + + 100
Trichopodus trichopterus (Pallas, 1770) + + i + + + 100
Channidae Channa gachua + + + + + + 100
Channa striata (Bloch, 1793) + + + + + + 100

Total families 19 18 10 9 16 19

Total species 38 37 21 2] 35 38

Note

- missing

+ found

F% Frequency of occurrence
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Cumulative
Scientific name number E-value
percentages
Ompok siluroides (Lacepéde, 1803) 3 0.21 0.21
Oxyeleotris marmorata (Bleeker, 1852) 3 0.21 0.43
Oreochromis niloticus (Linnaeus, 1758) 5 0.36 0.78
Microphis boaja (Bleeker, 1851) 7 0.50 1.28
Labeo rohita (Hamilton, 1822) 8 0.57 1.85
Clarias batrachus (Linnaeus, 1758) 8 0.57 2.42
Notopterus nototerus (Pallas, 1769) 8 0.57 2.99
Cirrhinus cirrhosa (Blotch, 1975) 9 0.64 3.63
Mastacembelus armatus (Sykes, 1839) 10 0.71 4.34
Paralaubuca riveroi (Fowler, 1935) 11 0.78 5.12
Mystus bocourti (Bleeker, 1854) 14 1.00 6.12
Parambassis siamensis (Fowler, 1937) 15 1.07 718
Channa striata (Bloch, 1793) 16 1.14 8.32
Macrognathus siamensis (Hora, 1924) 16 1.14 9.46
Hemibagrus filamentus (Fang & Chaux, 1949) 17 1.21 10.67
Xenentodon cancila (Hamiton, 1822) 17 1.21 11.88
Puntioplites proctozysron (Bleeker, 1865) 19 1.35 13.23
Trichopodus trichopterus (Pallas, 1770) 20 1.42 14.65
Anabas testudineus (Bloch, 1792) 23 1.64 16.29
Dermogenys siamensis (Fowler, 1934) 23 1.64 17.92
Trichopsis vittatus (Cuvier & Valenciennes, 1831) 25 1.78 19.70
Gyrinocheilus aymonieri (Tirant, 1884) 28 1.99 21.69
Pseudomystus siamensis (Regen, 1913) 29 2.06 23.76
Channa gachua 30 2.13 25.89
Garra cambodgiensis (Tirant, 1884) 33 2.35 28.24
Poropuntius bantamesis (Rendahl, 1920) 45 3.20 31.44
Balitora sp. 47 3.34 34.78
Osteochilus vittatus (Valenciennes, 1842) 52 3.70 38.48
Puntius rhombeus (Kottelat, 2000) 60 4.27 42.75
Barbonymus gonionotus (Bleeker, 1850) 63 4.48 47.23
Esomus metallicus (Ahl, 1924) 63 4.48 51.71
Puntius brevis (Bleeker, 1850) 66 4.69 56.40
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Table 3 Continue

amount Cumulative
Scientific name E-value
(number) percentages
Devario lacensis (Pellegrin & Fang, 1940) 86 6.12 62.52
Poecilia reticulata (Peter, 1859) 86 6.12 68.63
Rasbora paviana (Tirant, 1885) 95 6.76 75.39
Systomus rubripinnis (Valenciennes, 1842) 108 7.68 83.07
Schistura waltoni (Fowler, 1973) 108 7.68 90.75
Mystacoleucus marginatus (Valenciennes, 1842) 130 9.25 100.00
Total 1406 100.00

Table 4 Diversity index of fish in the Khlong Sak Nga during November 2021 to August 2022

Factor No. species diversity index Evenness index
Station 1 38 3.27 0.90
Station 2 37 3.28 0.91
Station 3 30 3.07 0.90
November 2021 27 2.69 0.82
April 2022 35 3.15 0.89
August 2022 38 3.34 0.92
mean=SD (Station) 35.00+3.56 3.21+0.10 2.71+0.00
Discussion

The survey of fish species composition in Klong Sak Nga, using fishing tools such as nets,
seines, gill nets, cast nets, fishing rods, and local fish market surveys from November 2021 to August
2022 divided into three seasonal periods, identified a total of 19 families, 36 genera, and 38 species.
The family Cyprinidae had the highest species diversity with 15 species. Most of the found fish species
are common in rivers. The species with the highest E-value by number were Mystacoleucus marginatus
(9.25%), followed by Schistura waltoni (7.68%) and Systomus rubripinnis (7.68%). In comparison, the
study of fish species diversity in the Wa River by Lothongkham and Duangjai (2010) found a distribution
of 7 orders, 13 families, 32 genera, and 43 species, with Cypriniformes having the highest number of
species (30 species), followed by Siluriformes (5 species), and Perciformes (3 species), representing
69%, 12%, and 7% respectively. The family Cyprinidae had the most species (22 species), followed by
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Balitoridae (7 species) and Sisoridae (3 species), accounting for 51%, 16%, and 7% respectively.
Notably, three species were reported that had not been previously recorded in the Chao Phraya River
system: Garra theunensis, Schistura latidens, and Glyptothorax macromaculatus. Additionally, three
non-native species were identified: Cyprinus rubrofuscus, Clarias gariepinus, and Poecilia reticulata. In
the present study, two non-native species were found in Klong Sak Nga: Poecilia reticulata and
Oreochromis niloticus due to the differences in the number and types of species depending on the
survey methods and time periods. This study used similar fishing tools to those used by Valunpion and
Suvarnaraksha (2013) in their study of fish species diversity in the Ing River, where 82 species, 57
genera, and 22 families were found. Additionally, Worapussu et al. (2021) investigated the fish species
diversity in Klong Khek Noi using local fishing tools and local market surveys, identifying 27 species, 24
genera, and 13 families. The study by Keawkhiew et al. (2013) used various mesh-sized nets for
sampling in Maesaw Creek, finding 17 species across 5 families. During the winter and summer
seasons, the water is clear with low levels, making it possible to walk across the stream, while fish
congregate in water pools. In the rainy season, the water level is high, and the flow is swift. Considering
the fish community structure index by survey stations, survey station 2 had the highest diversity and
evenness indices, 3.28 and 0.91 respectively. The highest monthly indices were observed in August
2022, with diversity and evenness indices of 3.34 and 0.92 respectively. An index value in the range of
1-3 indicates a suitable habitat for aquatic life (Tudorance et al., 1975). Fish species in Klong Sak Nga
prefer clean water, flowing habitats, and high oxygen levels but have low tolerance to pollution coherent
with Lothongkham and Duangjai (2010) found that fish in the Wa River in Bo Kluea District, Nan Province,
prefer fast-flowing, clear water with a gravel or stone bottom and algae, characteristics typical of
highland streams or headwaters. The Cyprinidae family had the highest species count, indicating their
upstream habitat preference. The high diversity of Cyprinidae species found in this study highlights the
environmental quality of Klong Sak Nga as a natural habitat for aquatic life, with dissolved oxygen levels
ranging from 4.11 to 8.24 mg/L, water temperatures between 23.21 to 30.03 degrees Celsius, and pH
levels from 7.30 to 8.23. These parameters fall within the suitable range for aquatic growth. These
findings provide a basis for planning the conservation and management of fish resources, promoting
sustainable use, and encouraging aquaculture practices that align with the conservation of aquatic

resources.
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Conclusion

The fish diversity study in Klong Sak Nga identified a total of 19 families, 36 genera, and 38
species. The family Cyprinidae had the highest number of species with 15. The species composition by
number showed that Mystacoleucus marginatus had the highest E-value at 9.25%, followed by Schistura
waltoni and Systomus rubripinnis, both at 7.68%. survey station 2 had the highest species diversity
index and evenness index, at 3.28 and 0.91, respectively. Considering the monthly survey data, August
2022 had the highest diversity and evenness indices, at 3.34 and 0.92, respectively. The dissolved
oxygen levels, water temperatures and pH ranged from 4.11 to 8.24 mg/L, 23.21 to 30.03 °C, and 7.30
to 8.23 respectively. These conditions are suitable for aquatic life. These data highlight the current status
of Klong Sak Nga, providing a foundation for planning the conservation and management of fish
resources. It promotes sustainable use and supports aquaculture practices that align with the

conservation of aquatic resources.
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Abstract

The study of trawl fishing in the inner Gulf of Thailand was conducted by collecting primary
data and relevant secondary data. In-depth interview was performed with 15 fisher representatives
of each trawl type (beam trawls, otter board trawls, and pair trawls), both the owner of the business
and/or master of fisher from Samut Songkhram, Samut Sakhon, Samut Prakan, and Chonburi
Provinces. Study period was from June 2021-May 2022. The objectives were to study the pattern of
trawl fishing, vessel speed, and factors affecting vessel speed while fishing. The result showed that
beam trawls typically operate with 2-4 net each side. Fishing ground is closed to 3 nautical miles line
from shore with 11-23-meter water depth. Vessel speed at trawling is 3.0-5.0 knots. Target species
were mainly shrimp and crabs. Otter board trawls operated with 2 types of net, daytime and nighttime
nets, which is categorized by target species. Target species include various types of shrimp e.g.
banana shrimp, jinga shrimp, sand shrimp, squid, cuttle squid, and blue swimming crab, which are
high-value species. Vessel speed at trawling is 1.7-3.5 knots. Pair trawl vessel normally carries 3 nets:
2 daytime nets and 1 nighttime net. Trawling duration was 5-6 hours/time for daytime and
approximately 10 hours/time for nighttime. Vessel speed at trawling is 0.9-3.5 knots. Changes in
fishing grounds for 3 types of trawls were based on past successful fishing areas or information
received from other fishers communicated via radio. Factors affecting trawling speed were current
(monsoon season, with/against the current), seafloor characteristics, target species, net size, engine
size, and propeller size. The speed data of fishing vessel collected from interviews can be used to
complement vessel speed data from the Vessel Monitoring System (VMS) to calculate the fishing
effort for trawl fishing. This combined data approach will-help in developing appropriate trawl fishing
management measures.

Keywords: beam trawls, otter board trawls, pair trawls, vessel speed, inner Gulf of Thailand
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Table 1 Number of trawl fishery representatives by gear types and provinces.

Types of trawls

Provinces
Beam trawl Otter board trawl Pair trawl
Samut Songkhram - - 9
Samut Sakhon 4 - 3
Samut Prakan 3 - -
Chonburi 8 15 3
Total 15 15 15
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Table 1 Speed of beam trawls at different activities

Activities Speed (Knots)

Gear shooting 2.0-6.0
Hauling 2.0-3.0
Vessel turning 3.0-6.0
Fish trawling 3.0-4.0
Shrimp trawling 3.0-5.0
Trawling - against the current 3.1-3.5

- following the current 3.7-4.5
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Table 2 Speed of otter board trawls at different activities

Activities Speed (Knots)
Gear shooting 1
Rope releasing 4.0-5.0
Hauling 0
Vessel turning 2.3-3.0
Day trawls - against the current Min 2.3-2.5 Max 2.2-3.0
- following the current Min 2.7-3.0 Max 2.3-3.5
Night trawls - against the current Min 1.7-1.8 Max 1.8-2.3
- following the current Min 2.0-2.2 Max 2.2-2.5

o

Tadag1AUNNRaAaANIFN I UL NINI71U L9109 TR UANNLNUALIH AT NTLLALN

o

%

(mum/mum) (Faaaz 25.0) munmm@mumm Wee (Fazaz 20.0) aunaluans (Faaas 20.0)

£
o

PR9A9HT D mumzﬁ"mml,ﬂ’mmﬂ mwmkummm LAEIIANLENNU (iﬂﬂ@v 10.0 inf) (Figure 5)

3. 2IUAINA
3.1 sluuunisvindszusaiuaina
o A oo A g yo = o A = o A A - A A
FauaziAsasdallsyas Genldvinlszasail 2 a1 Ae FandniiseFalan uavFesevivezay
niszaelnaldFagaaaninunssasiamunAadnisiva itnaqunisaan saunulezen lidunwnl
nn13tszaslaalFiFauanaun 72.74-138.16 AuNTad ANNLNAER 20.52-23.92 LUAT FATANIUNA
. = i e a o A A .
49.98-79.33 AlNTDA AINENQIED 19.00-22.11 M3 Lzadeismnen 1t Aa flieAuaud 111a 425-500
v = ar v a [ o ay & v o o dl e a &
w39 Bananldiname 8:1-10:1 A luang 85-100 H9 AnLaan M N1A9a9LATgLUs NeTA LAY
o aid 1 a = & o o d‘ c &
aup N9 FaarlANdNRusiY tTadeiinasani1sfiatsoaanldn1a91a9LATaaeus N ma
o = =l a o K =K o U % o
wazauIAluANg A9 IUIAVLIITE HUAINY waznIsAIeienIslseudnsuunduluscazann Tng
A Aaa = - e e oJ = ,
WreaiTeniRuasugeazidan ldesesausaua g Nemage uazluansauinlug iedoatauuss
naweseTastusuaslnasantsdesndnsunuinduluszazan anisnisdnduladainaiasiinase
@ A o val 1 A ¥ dll I3 [3 = & <IJ o
nisALANANITIERa YNl szasFAnd N smendiAsestusaualan Nafasn warludnsaun
< 1 [=3 A ¥ o v o o 6 o a & = A ¥
an atn9lafimn n1aaanldrunaludnsasAa AN U AUILI ATRN e FLATIUIATA9LTE N1TLaaN I
e do = 4 e o en o e A e awa Lo v % .
pualudnanlnginuldvize llduiusiusunaaanafasinani e dwiesainludansluiminuan
nd” = o A o a 1 1 1A o =l =l =
uananil aunnresirananuazFasasdilinasanisainadu daulunjiFeananiazFasasaziaunn e
InatAsaiwinalidneAan1sUsuLaeiEe (Auaeessus nafe aunaludang) waznildiniaalunnsg
anaL A N ALALNAWWTaNTN9U 9NN 1a N WA LENa U YN IFANANLALITDI89aNDL 16 b

Yo & O

o A Ao ) | o
L@N’aﬂuui@'ﬂLiﬂmﬁmumm@w}ﬂmmmmu’luﬂﬂ

Measdamalulagnistszas I 18 atiud 2 (nangnax - wanAx 2567)




44

° A A | o = o

Anunetuuuized 3 Un wdaiueiunanedu 2 din uazesunanadu 1 Uan (ueaiienu
Na193u 1 11N wazeunaams 2 1n) aaunanedulanIneans1nand 40-54 AT IWIARIBUALGI
4.0-5.0 VIURWNAT 29UNANAUTAIINEIIATINAI 90-100 LNAT TUIARIBIUAUGY 4.0-5.0 LIURLNAT

1 a a a P ¥ = ¥ IS dgl =
TUIARNDIUTBIBIUTBNTUDS 7 LEUFNmT HvjusesFnlintnasuduuuiensalitnesuilnauiie

1 90/ 1 1 ! ¥ ::/ A @ dl ¥ v ! a” o a Y a
agluin ATI9a19TR9RIATgNHNMEgnRziaviTagninaniie LN uaeieiaase AnuTimy

Hans 4 dunFanddnEiauihuniasmitasaesey dnwsntihuuasldvunatafinnsanas (gnldh)

4

4 1
1 gnanldnnazes 3 was dautnvauiawarldgnnaslnieffudaalaanmansald e lidnweui

q
1 v b4 1

' Aa o a o g ve &30 P a Y a Y Py , P
@'Niﬂm‘ﬂﬁu’]ﬁu quﬂﬂmquqmﬂifﬂwq AIULNIUNRUANRUIAU LL@%L"IHVL‘IJIHQ\?@'JHLN@@QH@’]ﬂNf]u LLAZENA

dngliiasnansaaseuetjianaiuninay wanainil lunisainasuldazinisdfuussaoulnaianson

1
¥ aa v

annisenndndunsianis lunsdinsesnisdaduiniingu asuazgnilsulidgnlsdeauazldmeia

v %4 ¥
6 ©° 1 3 ° = o

9NN uazUINFaINIIaINdnTunag uintTanasin aauazgniliuliignlthuntuuazan

a

b

AUIURTHAL 7198 N1sFuwsNe A TIuet fumATALazlszaunsnfaedlsiza nsnvTaaAR WU
gnlithuaznzinfesaunaiuiieliliandywasuieudodudndinldls

[ ' [
o

wuagvinszas lhaziluddndulalunisi@aniuniilszas Tnafatsaunamniunniny sz

'
o A [ 1

aghiiludszandaniunisfuivdnansnisladndinanldBelsrasasuaingaraundaansiuniu

1 a dl d@' 1 1 o | o |a; a :I/ ¥ o o KX a o b2
Taann9ang@eans edauluninisvindseasesuangazyinyszasatiiannaaansl daa1iantisiali
Ildansndeniunindszneldmuisenis e nsvilszusresnsadlodu o i aauninant
anuaatilan aauany TnenaniznisvindscuaesasiienauniinansNinisauassiun vintseustagnig
yeaeuuRnaaelinaannst (Figure 2) inldiFassuainglaiaunsadnlivindszaels anduluing

dd‘ =® < £ =® ] 4&) dl ¥ o 1 Yo +
nsfimnatszanaauuinareatiufaauuinana ugouaananiui uazudesuts i ldGeanu
angnauine idllanneauls Inadnaziuesuaingivindseuseg lunuiindseusaauniinans
dutlszaneguan (Wuvintszaaeuuinganaazgnuiveeniduiuntes <) Fundt sevias wilitedves

p~ Y - A v o i LA
qzilanundeilszunn 50 wag assuainandnlilanlutesmenaridussuzinsiinGalaiuas

FayLlszanns 25 Lwms)
. ¥ do — A A
ansuzassiuivindszusaauainglugiananauluineiunndunse wu nadulaau

v P v
IS v 3

wunnszasiagInais (faust Longitude 100° 20.000 i) azlansaiziuiasinduey Tuansy

1% 12 v
v v ! ¥

Anuneulsuesananemnanly (Feus Latitude 12° 58.000 a9hl) azifuiastinAeudsuwdadsznayld

v v
o oo

% & 2 Apy A | e & A & Ay |

ﬁrJEW]ﬁ\’]ﬂqJLﬂm (V]ﬁ\’]?;lﬂul,ﬂ@@ﬂﬁﬂﬂ) @ﬁ]qquvl,ﬁqgllﬁqqllLLmﬂﬁn\jﬂuquWHW Imﬂwummquuum@\?@q’]
o rge) o o 9:/ ! rjl’ Qis/ 1 1

1V]ﬂm@u1u@$WU@mquqLﬂuﬂ@quﬂ\ﬂﬂ]ﬂq ‘]J@r]ﬂmﬂﬂ ﬂ@’]LLﬂj?u @Qu‘wu‘wﬁ’]u@q\imﬂ\j@qutmﬂm@uiu@$WU

dnhindulang ) damseuns danldne szavacinanitluiuivindszasegf 10-21 wms uuanis

annaaudlulunazidunuamiie- 16

Measdamalulagnistszas I 18 atiud 2 (nangnax - wanAx 2567)




45

- d o d Cod ¢ ¥ e wry o
nisfansulasuiuiiidssasluwsazinanazaveg fulFunudndinnls winwudnlidnd
unldAuAiusununsinlezasaasseatiuianaazainasusiae lldantinvdanlaaununinl ssaeriug

(%
& o

Tpafansaulasunud lnidszaalunuinineindsenanaa b dnduinvzanedinoananqdssnasean

£
o o

RARTUNnluRun e Azl aswllinUsyaalunuinu TdunesaasiansainannilBunaminnanei

1 v
1o TunsaindmdunuTvunaduninndnauazainlauannanaiasndn 100-200 nlansusasas Ny

wlasiuinilsraeiun wavnddunsaiiuinnansldlddndinuiuunawazanleuinngdns 150-180

v 1
o al

a [ ' @ a agll = g o o ¥ ddsj a} o
Alansfusiases Aazaindifiman wenanni wnsnisitlaanalnegusin n dedenalimiolszuadinunn
Uszsanadluungtaanafog

A8n1svinddszas nevndszasaauaindazldiaan 10-15 dusiamnan uazinszaslanaanvisll
doulunjnisinilszasaauainglu 1 Juazaineauaiuau 3 saunisnlseaanisenzandn 3 see Tne
wieluinilseaanainaedi 2 a8 UATIIAINANNAY 1 998 TAENANIUIBLINALITNTLIAN 06.00-
06.30 1. wazjaauaan 12.00 ¥. Antiuazlaageaiusesnaadinailssunns 13.00 w. uazdaouan
18.00 u. AufuseananeAuazasaauiinanlszunns 19.00 1. wazieuaan 05.30 w. aniiuluing

Al [ T~ d‘ Y o r%’ A A 1 o ¥
natifianaazatnaauluaInansduies 1 sae wesannladnduininluseanansaunicinunn Ml
anizaliatunsonanuAnLandndinuarussqdnduiiasiaaiudndunldiuaiiunisdasusaausn
o 2 g o A > v < = - o Yo o

19198 NANU AvFasaInesunaviusaidesuss llfdsufuuny viegnizeaianieuldiunandiu
nsfaaunanaiusesusn winngeouasyinignigeliinaindeu lbazdndulaainacueauda ]
paufiuunuivalignimaladwn wanainil nasainasunaeduenaseiias 1 sage1ainaInnnnly

as o o &% v +a v = > o < = =
sesuTAANINeNsdndunaddes lafazdadulaainasuanqusalidneuidiu vise lunsainnToymd
BIUNAWAUYITIBIUNAINTU (B2U1984) Ta@avNe N lHgnEesasFUN I uTaN TN uLie 1l
wianldlusesdn il Aazfasainaausnludasnainarsiuusalgludosnanfuiduii

Nadl UInnanadularsiiadndiiiaannisvindszasecuangasuaneiuniuggnia Ueune

(%
@ o O ' !

HadUdnFun Tudaslanagausguazdunniaesliazinanndige9an < 2098 Usennns 40,000-50,000

'
o ' =

Fusieifien Turnefiinnuadudnfingady yl mﬂaﬁ%faﬁ 20,000-25,000 Fsteiien winndaidu
dafimsnereanaiyszasiclueanan s iuasna Ay lummz’ﬁ'zﬁ“m‘rffﬁnajuﬂmiﬁ@uﬂuﬁmﬁw
whusneaeenisindesuainainanehu Tnaazduninndos linnnlugaameuuseu-ng #n1ANT 997N
1 Wanzinazduldinnludenieunanan-susausasni il lieauaingaziuiindaganisin

dszasasluayariunnnisinlszuaneas Tnenasukeivindsessiiuinluayaiunnnismnlsza

o 1 ‘dl 1
azidusuianlaaaanu

Measdamalulagnistszas I 18 atiud 2 (nangnax - wanAx 2567)




46

Net preparation Upper net opening and floats Cod-end of the net

Figure 4 Activities and equipment on pair traw! vessel
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Table 3 Speed of pair trawls at different activities

Activities Speed (Knots)
Gear shooting 1
Rope releasing 4.0-5.0
Hauling 0
Vessel turning 1.6-5.0
Day trawls - against the current Min 1.5-2.6 Max 1.6-3.0
- following the current Min 2.8-3.1 Max 2.9-3.5
Night trawls - against the current Min 0.9-1.3 Max 1.2-2.2
- following the current Min 1.8-2.0 Max 2.5-2.8

fadtdnAtyninasianauzai L luaneiinislszieaedizanauaing As nseuaun (ANUY/

1%

NIULN) (Fa8aY 28.6) LATUUIADIU (3081AT 23.8) 709A9H1 AR TUIALATINEUALAZIAL YA AuUnlUeNT

($asaz 14.3 Winfw) aneusidun19nEend (Faaay 9.5) anwaiziuiastinluudnamynilseue Gasay

4.8) WazTIANLNNY (%’@fmx 4.8) (Figure 5)
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25.0%
8.3%
0, 0,
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16.7%
Target species Tide Monsoon
Net size Seafloor characteristics | Obstacle en route
M Engine size Propeller size Gasoline price

Figure 5 Factors influencing vessel speed of beam trawls, otter board trawl, and pair trawl
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Abstract

The purpose of this study was to investigate the reproductive biology of Khela Mahseer
females for breeding. Fish about 2-3 years old were obtained from nature. At the Songkhla Freshwater
Aquaculture Research and Development Center, ten males weighing 1,060£45.20 grams and 11
females weighing 1,200+42.67 grams were raised in a concrete pond with a recirculating water
system and fed 30% protein pellets. Buserelin and Domperidone were used to stimulate female fish

spawning and expedite male fish sperm production. Dry artificial insemination required 15 hours. The
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results showed that the average sexual maturity index was 4.09+1.51 percent. Egg's shape was
spherical, transparent, orange and sank but non-adhesive egg. The average diameter size was
2,066+373 micrometers and fecundity were 6,974+1,647 eggs. The average spawning rate was 50%,
fertilization rate was 89.56+4.7 percent, hatching rate was 35.02+4.29 percent, and the average
embryonic development time was 84 hours and 50 minutes at the water temperature of 26.5-29.0
degrees Celsius. The findings can be used to plan commercial breeding of Khela Mahseer.

Keywords: Fish reproductive biology, Fish propagation, Fish embryonic development, Khela Mahseer
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09194 (figure 3)

Tugtuuuaesannisdunsg WUINHAIATNANNNTA9H BW = 56.73 (TL) - 1404.80 (HAndutlszdns

AaNTUUA R°= 0.98, P<0.01)

Table 1 The body measurement, GSI and fecundity of the T. douronensis examined in the present

study

Total Length (TL) Body Weight (BW) GSl (%) Fecundity (eggs)

n Min Max Min Max Min Max Min Max

Female 5 41cm 46cm 900g 1,200¢g 2.03% 5.92% 4,803 8,951
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Figure 2 Relationship between fecundity and total length (cm) of T. douronensis
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Figure 3 Relationship between body weight (g) and total length (cm) of T. douronensis
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Figure 4 Relationship between gonadosomatic index (GSl) and body weight (g) of T. douronensis
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Figure 5 Percentage of eggs diameter ratio in female of T. douronensis from October 2020
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(Embryonic shield) #911994UIAAALIASYNINTUAIUIBIANAIGITY Lazlasryauaguliuns (Yolk)
WalEians 3 duanydunieinuuudualiifiansimuinisaesdauia (Head fold) uazun (Tail fold)
Annulauns (Yolk) slexawmundngsyer Body formation tnenguisaaninaiilugauinas iansueyu
aanNININNdINguEaaniiadudcusuazEiadusc s Tl (Somite) nguimasdawinasnyeiv
aanu lnesudeaudsiudiayonisuaniiniu Optic vesicle Tvaziasnyilugnaisialy aantiudu
a asc Aa dl cY o a o A o ¥ o a o o
HlamsuianisasuuladaamadiuuudnFaaialansoiiugdes o auwnueesdnnziniuu
' Aﬁl a ¥ nil ¥ ! o 1 eI/ a
109lduns Baastyliidunszgnuazndnuiie uazidngsrazsicgau (Embryo) luinan 48 dalue 37 wid

laiamwanstamyldinanTunswmun Susswsinisdjausaunsziainesn  wsa (Hatch out) nelu

1981 84 dalaa 50 WA (figure 6) NOUNNRVBIUN 26.5-29.0 BIATALTIA

9. a

®

a. One cell stage b. 2 cells; c. 4 cells

40 min 2 hr and 40 min 3 hrand 30 min

P

d. 8 cells; e. 16 cells; f. 32 cells;

5 hr and 48 min 6 hr and 16 min 9 hr and 20 min
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g. 64 cells; h. morula; i. blastula;

10 hr and 45 min 16 hr and 55 min 18 hr and 20 min

j. gastrula; k. somite stage; l. hatch out;

20 hr and 37 min 40 hr and 06 min 84 hr and 50 min

Figure 6 Embryonic development of 7. douronensis

ansIn1ga19le ansInsUHaus szaziaailuniswn wazansiniswn

o o o

wasaINAnszrunaudiugilanacsauy s aasluudaunssimaudiugazianuieaniy

i
e o 2 = o

599NTF UATHSRIINNINANNUS Aallie:far Tudnen 2:1 FeudiugilaiwansaunnanysalinAauou

Q a

6 5in HumtinFaaae 1,200489 N3N UATHAMNENIMENRA 42.67+1.03 LEURLNAT uazNaRUgLA WA
TUWNANYTOIWAIIUIYN 5 69 Uutindaladn 1,060+89 niu waziAnanquien 45.20+1.30
MUALNAT HAN1IANENLTILIT LA Na TN HaRIIngaeldAnduFanas 50 annisguuanld
Uausiazazunss <) az 300 Was N1IMAKEIEIT 1, 2 uaz 3 e ldWmuiNIauieszey Gastrula inns
o o 1 A ¥ o o ! :j/ ¥ ' = | ' H ! ]

uawnldfuFaunsudufesasivauauliiauuaudonAnadavesldlanuusazginudn nsgu
AT 1, 2 uar 3 HAdRsNsUausminiuiesas 90.67, 93.67 uaz 84.33 muadL Ineddnsng
UfauBiadewiniusesas 89.56+4.77 (Mean+SD, n=3) {lal#3un1sUjaus 268.67+14.29 Was uaz

o Y

lanldldFunisdfansiviniuienay 31.33£14.29 Wes srazinanlunisinaesuddainanstamyldioan

Viannm 84 Galus 50 Wi NgngHaeun 26.5-29.0 avAgadaa dn91n1sinldredusilainimaans

| 1
o =

D9 1, 2 WAy 3 Winiusasay 34.01, 31.33 waz 39.72 Anasy Inaddnsinisinleaswinduiasay

35.02+4.29 (table 2)
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Table 2 Fertilization rate of T. douronensis

non fertilization (eggs)  fertilization (eggs) fertilization rate (%) hatching rate (%)

Mean 31.33 268.67 89.56 35.02

SD 14.29 14.29 4.77 4.29

A50INANNTALTUNY

NITNNIZAUFUANANTHY TmﬂﬁmmﬁuuﬁqLquﬁlﬁ@mzré’jummwiﬂmmLL;JﬂmLL@m%’N
mwmuqmﬁmmﬁﬁL%@sluﬂmmﬁQ’ Tne/ld Buserelin acetate a‘qmﬁumm?‘qu'ﬁr Domperidone A 14
ANRUNNTATN Musikarun et al. (2016) fienuinsrduaesluudanmt 30 Tulnsniu/Alansy S6nm
eldresusitananstnygeneianay 100 wslullannzieuang (Barbonymus gonionotus) ldpann
dnduresaesiuudainsizy Buserelin acetate luémen 10, 100, 200 waz 1,000 tulasniu/Alaniy
éwﬁumm’?qu%‘r Domperidone 10 #aaniu/Alaniu aguuadinnezauandudulaifinonuunnsing
mﬂqﬁmﬁﬂﬁm%@ﬁmﬁwmmﬂmﬁ amsnsinliuazdnsnissenniavesgnilatitisa

o &

1A INaANIEAUNN3 1 IddRaaussudedadanusag 2:1 udolaasliuauiugiasniy
8990118 15 Fotue agdladusilamansmuyidnsnislausuedldedsfasas 89.56 Hdnsnisin
ladasfesay 35.02 dnsnisdjauiaeclddanassaunlunisAneiaiaiiidrlndiasaiuan
Neolissochilus hexagonolepis FedulannatsauanansinAeansesas 85 (Mahapatra and Vinod,
2011) waztainansiiu (Tor soro) NNANBALSaeaY 91.25 (Harjanti et al., 2020) luda1a898m3INT
Wnlddaiwassauyluassiidelanidasndnluilan Neolissochilus hexagonolepis NiANFasas 75
: ~ o Ay o a  a

(Mahapatra and Vinod, 2011) anseitlawadstuniidnsinisinlawassasas 35.02 dhsnisUiaus

1 v ! o

1alauazdnsinaesdanassauydsiAaandnludandew (Tor tambroides) RdRsINI9Laus

1
a9

109l10ansenay 91.33 uardnsin1siniadniasay 90.20 (Cahyanti et al., 2019) Uawansmuyiens
nsUfausgaiienFauinauiulatasesunian (Osteochillus vittatus) Miiutanlunedinaniu wudng
frj”mmﬂ”uiﬂﬁmu%l,ﬂﬁﬂ?ﬂm: 43.97 WardnInineasseeay 57.50 (Pamungkas et al., 2022)
=2 :J/ 491 Y & ! v Y as = = N 1 1 ¥
AMNHANITANEATIH LA IATiud N sNzaenaiugAteAan INaNneN Anannditaes 1
dananiuennessugf inezinlidnsnisdausuazdnsanisinesnidusageau waznis
= ey oy e dn ya : - o dn v
Amaasluudasliudtannngldnianiu gnianfldfauinadiane awnsnlszidinaaugnilaninls
1 o QI d?J
HGTLRRNE
P RV .
pan1sAnsAnudn lddainasssnnidudlssinnldanuslidfiniudan dsnwuzdudananla
al A ¥ A v 1 =2 1 1 o o
Awdsadu ldddenuinadnalany annisAnmiiunnaainangedlaudtlanacsauyaiuau 5 6o

wudnHdminanFaRae 1,080 N3N ANENRANEALRAY 43.70 uALWAT tnelanauiadniigatuimin

900 N3¥ wazanauialunfgadvnmin 1,200 ndu wusnuuindsldeas 45.40 niu wariEuInIAIN
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anueldiafy 6,974 Wae deltFunmanuanldlndiAasiulan Tor khudree NRAUTNNUANNAN L
= . . A e

lagagl 7,000 Was (Kulkarni and Ogale, 1978) wazian Tor putitora ARAFuuANAn T WwiNAL 5,566
Wa3g (Arjamand et al., 2013) Usuruaauanldaasdainasssuyuinndailan Tor soro, tan
Neolissochilus hexagonolepis wazlandes Tor tambroides Mdutlanluasdinaaniu Ingaauanly
aas1lan Tor soro, Uan Neolissochilus hexagonolepis WazianiAaw Tor tambroides NANWINTU 3,157
2,038 WAz 1,061 Wags AANANAL (Cahyanti et al., 2019; Subba, 2018) waFuruANAn 28
darnasstuyiardeandnilan Tor tor NHENNIANAN @AY 49,146 Was (Desai, 2002) UsnIm
pNangadldlanas Ny LsTnangAnssinisguasagauzadtanassany iulandssinni ld s

. A . o - - Y, 4 . ¥ v 1. e
aua  faeau iasainnigelinesdarnazanglaluunnszuathlnaiesaasaningan udalaeyli

o o =~ A = = A .3 4
@]ﬂﬂ@q@]LL@mrJL@Q@uﬂ?gm\ﬁ@ﬂﬂ@qﬂ'ﬂu’]ﬁ‘V]W@@NﬂQ?@\?‘ﬂﬂﬂNqiuwuV] LLﬂ@\‘]u"ITuqﬁeLMQ_J"Hu

ar o

ANNANNUSIZUINAINANTad AR MTINaIFLaT AN NN UT T L I9A T NANT Rl

v v
o o

FAAINENIANFRINAUTBU A INATNY (RP= 0.72 WAy R®= 0.80 AINATAL) WUF1AINANTD4 Y
ApoNdniusiuANgaflaRInndminadalan enainainacnanysadnaludasggnia
nusnsinuazlifesaiane aalausazatnazuansanullluisazdosent (Alam et al., 2002) tlan

WAWTNYHA P NANAUS InALAeTULaNga (Cirhinus reba) NRAN R= 0.76 &y R*= 0.76 ANAAL
g

(Jewel et al., 2019) WANANANNANNUTHINNIUAN Tor tor NRAN R*= 0.29 way R’= 0.20 AMNANGL

(Desai, 2002) wazilan Neolissochilus hexagonolepis AAT R?= 0.30 way R’= 0.44 ANAAL

o ] o o o a

(Subba, 2018) AMANANWUTIENTINANNLIAALFABUINTNANFITRIUAINATHYNLINHAN

v 1 12 1
° v a K o

R’= 0.98 AMNANNITNUINUAINANTNNNHUNMINIANTU ANE1IA1FU A ALANTULE U Wa 997

a

1
=)

ANENIaTFRTesla s um AN ing ulilewFaumsuiulanwalauasinagnas ludod

AN laani1m19la Hrin AN N TULAAINENIAIFNA LAY

=< |

Ly, X, 4 . ~ . 4 o .

el Ueddniefedaeggniasisldlarazinisazananvisludeniaiienisnaniuguay
B8R A9ua L aduminaessane gl winNeAeut1eAsd (Darbanandana, 2000) Wil
YununienelaluusazduazifFunuainuansedladawnnsesiuliavegivdadesiag < wu dan

a

waFaunUdl3unnimnalaasldainane wasullasninaninwasan Usunnuncly aiauay

o o !

ATUNTNTBN811NS ARNUILLLTas a1 lule A snasiannuATaaTedlan datduiladadiAnysie

- & ] a | o A o=

ANANYIOlNALEILAT wanantnudmgAnssinisguagnilan uilaniinisguagnianadnanasd

ladeandnannlddinisguagniatuazilanniauialugjazifiunmacuanaeslddaandlaing
aunALan WWeW (Chesoh et al., 2018:; Bunlipatanon et al., 2002)

= ] N4 o= - ey =< o v =
annsAnEwudnamasaunasaiacuanysaliwAwiniusenas 4.09 TadAInALAS
fAulan Tor tor NFANGINAMNaNYsDiWAWINTUFaEaL 6.56 (Desai, 2002) WanfFaumauiutlantia

(Leptobarbus rubripinnai) NdAMNaNysalnAliNiuFaaaz 1.81 (Srithongthum et al., 2021) D1
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Uarwaastuyian GSI gendnianti Leptobarbus hoevenii (Bleeker, 1851) usiiiatFaviiauiuilan
AzLNeWYNa (Barbonymus gonionotus) Yanmewnn (Hypsibarbus wetmorei) danmzinn
(Cyclocheilichthys enoplos) Uann1an (Morulius chrysophekadian) Uanns=ss (Puntioplites

oA

proctozysron) wazlanda (Cirrhinus reba) UaTnaeunnadniaAn GSI Heandndainsiiienaig, dan

al

o

pzwan, darmzinn, dainasn, danszads uaztlandeiiiien FHANANYTOIINAGINTRTAT 11.03,
10.04, 8.96, 10.04, 10.08, Uaz 20.48 AMNAAL (Gupta et al., 2013; Jewel et al., 2019; Champasri
and Jiwyam., 2002) Tevaratmaneekul et al. (1996) NNTAUATINLINAN GS daidiesluusiin San
ag/l1199 0.3-13.5 %ufﬂf;_jﬁmﬁmmmﬂm asanndausazaiieazaireldlivintu darfidsnmsennne
geazaislddaaunniinlidn GSI fin wilanfifienssaameasiazainslauanyinlian GsI ge uaz
ludaunsiiomusn GS| flAngauluonaiensed dusu
Uarnasstuyiauaduriugugnatsaagla i 2,066 Tulasiums Gesadulanfiiaunes
ldraudnalun GelndiAasiuilan Tor soro wazdaniden Tor tambroides fiag iz iauin
Lﬁumu@uﬂfﬂmaﬁnmwl,ﬂ?iﬂ 2,860 uaz 3,000 TuTAsLums AMuaNAL (Cahyanti et al., 2019) usilwainagn
a1 Neolissochilus hexagonolepis Afaunnldiaas 1,220 lulAs18m3 (Subba, 2018) wazilan
Barbonymus balleroides ﬁlﬁmmmLé’umu@uﬂ’nmwmvlﬂjm?iﬂ 940 luTAsms (Haryano et al., 2015)

nsimuANNzaesla wawaNyldnafusszaz Cleavage, Blastula uay Gastrula il

{
a o

sreguandnlalifunisuanudaldinan 20 dalue 37 wai aunseiivinlaiurinau uazldnanlunig
Wnunauinaeaniugia 84 dalue 50 uni nasanlaunisdfausiuuaeautisinidusalainans
guyldszazianiuiundndaiinanatingu o) Neuuni 26.5-29.0 a3AnTalTea L1 Uatuaetias
. N oy o o o Ao N

(Discherodontus ashmead|) Plfarinaaniiusa 38 49lug 15 W NNYUNNHN 23.5-26.0 AAN
wawdeld (Panboon et al., 2008) wazilanans (Hypsibarbus malcolmi) a0 42 Fala U 27.0-
29.0 9ALTAWEaA (Apithanakul, 1997) 1usNUaINa9H U (Tor soro) Mfnanlun1swmunauin
aanidusalndipasiudanasstununign szanns 80-93 4alus (Unsrisong and Tiencharoen,
1997) a1 Tor tor Mldinanineantiiugia 82-90 42ue (Desai, 2002) wazilan Tor khudree Mldinaniin
o o ) = o o = o § v
aaniiusa 96 49119 (Kulkarni and Ogale, 1978) UamMaWTNNNN WM BIIDIANAzAUdInLTuAY 14
2R NUIUNIILANUNARATHARY ] AINNOANITUNINEITHTIAVBILATNAWTNY AT NANAUE LAY
Ca oy ¥ ¥, o v ey o X -
aldudnndaininszuati aes 9 109a11a121 wdatlaen igniandedenasssaiedlnanaus
danlsifinginssuguagniadaden deyaimuinisdnnsluszazsing o Ausslaniotineds wanzyinli
naudnisin laluusarasaiuialnfviald wniAaaoudailnfau azvinlimsudiaauluscayla
AzANMNI0NATITIMA6 I8 wanantiuedan linsunessazinanlunsinldzesdanuwiuen 1

o

dszlegflunignununisldlsamnzinadnalilsc@ninn Geszazinanlunisinldaesilanauagiu
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adtising - i aendiauazaialuil gaungRaein nezwaii Wusu frgmungiiluings vsanielule

1meandauiazdana lilddands Anidusadviseaanannldilaiiinslé (Caslson et al., 1974)

PRLAUDLUE
- y Y . T y y -
1. nsangefluwienszdunisnclalularadaiideudieann easeinilanaraveuiiusziia

= ! ¥ =2 o o o wal P o & o o = P = o
AIMNLATEAARAULINNE Bﬁ\‘illﬂ@\'iN@V]']ELMNT]']?QQJL@E‘W@LLNWHﬁ mquu@\‘iﬁ')ﬁ‘llﬂ'ﬁ\ﬂﬂ‘]ﬂ’f]ﬂqﬁ\luﬂ@‘ﬁﬂu

q

[

trunatn Inenisuanae fiuuiuemsiNeanANATEALAZNNTUR LT IRIN B NG
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11 dhnilszasAlunisisaaisilinathayulng neniuyadtasnisAnaanayulnsnda a1

q

& a 1y ay o o P y o as ~ =
deutAnBauarnsrAuiANiuNn lfduntaudeninenaununisldelasusuaransiall Tnefnsn

NAUBNE1TANANTETEN (Garlic extract, GE) a17ananmzaneias (Andrographis extract, AE) WAZGRI
ansafinanulng (Herbal formula, GAF) slannseiugiaiia Aeromonas hydrophila tailsidiutls&van
10987134 nAYUININIIANIRAILAZgRINAN Aa8RT Agar well diffusion ua Broth dilution Wud1 g6s

A13411A GAF Ngma lun1edudaniaiasyaeide A. hydrophila ANgA 1898918 AE Uaz GE N lika

'
' o

Tduansneiy nrsnagatmiAtANduduAIg A a NI TadUINITIaT BT (MIC) WAZATFAEA
Pa1u190%Ta (MBC) 1844A7a1980A GAF Hnaruidudusign 7.8140.00 1n./1a. antudnm
AINNAIFAIU094ATA1TaNTA GAF Inednl3nnuans S-allyl cysteine (SAC) wazdnlsunnians
andrographolide N1328121981 0, 3 LAY 6 LABU WUINANIAATYY 2 1ln HAranasasinssalliaslneihau
P ! A ! ) A 9 2 9 o

1 3 A1 SAC amasiudesaaas 61 WazAN andrographolide AARILUADTREAT 27 AIFDINMUILULY
nunainiuasdAnyluntsdnenafssall viesesnanasaialdldluszaznisnaddadiiu 3 weu
HAAINNTIAEAINA19 AT AYINleNa iU BANIRTFIUANTATA (specification) Wialdilluuuanienig

smheasanaayulnaiuaadsulunistesiulsaludndisield

2
[ o s o =

AdIATY: a1sainnszien, ansainiinzatelas, nsddeuLANBE, ANALEA, NRTgIUAIATA
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Abstract

Pathogenic bacterial infections in Nile tilapia pose a significant threat to the aquaculture
industry. This research aimed to enhance the value of Thai herbal extracts with antibacterial and
immune-stimulating properties as alternatives to antibiotics and chemical agents. Specifically, the
effects of garlic extract (GE), andrographis extract (AE), and herbal formula (GAF) were evaluated for
their ability to inhibit Aeromonas hydrophila. The study employed the agar well diffusion and broth
dilution methods to assess the efficacy of individual and combined herbal extracts. Results
demonstrated that the GAF formula exhibited the strongest inhibitory effect on A. hydrophila, followed
by AE and GE, which showed comparable activity. The minimum inhibitory concentration (MIC), and
the minimum bactericidal concentration (MBC) of the GAF were determined to be 7.81 + 0.00 mg/ml.
Stability studies of the GAF formula were conducted by measuring the concentrations of two active
compounds, S-allyl cysteine (SAC) and andrographolide, at 0, 3, and 6 months. The findings revealed
a continuous decline in these compounds over time, with SAC levels decreasing to 61% and
andrographolide levels to 27% at the 3-month. These results indicate the need for further
development of encapsulation techniques to preserve active compounds or to limit the usage of the
extracts to within three months post-production. The findings of this research have been compiled
into a specification document for the standardization of herbal extracts, providing guidelines for their
use as supplementary agents in disease prevention within aquaculture systems.
Keywords: garlic extract, andrographis extract, antibacterial activity, stability, extract specification
UNUN

mﬂmiﬁuﬁwmLﬁﬁ:@jﬁqluﬂi:mm Tustnadl w.a. 2566 Tin1stFlnALAYNATViRsLREaTIATY
yinltmannnnelulssmaGuiinonudesnisuiinataniiafisdu deualdsnaUatianaw anasn vl
Lm:rmmﬁLm@uﬂaiumﬂﬁmm@mﬁmmﬂﬂmﬁ@Lﬁ@i@ﬁuﬁummﬂﬁﬁmﬁLﬁuim AINIIENNULBING
\ATgNanNTlIENg NOIUTE LN LATWRUWANUINNTUTE N (Boon-ek, 2024) WU Hananlaniialy
Uszinalnelud w.a. 2566 flyarn 11,890 Aruum uaznanandauluninannismsidesdaidudas
az 93.30 tnaduntruilnanialulsemaiudaulun dn1sdeaaniaiaaay 2.47 iy Aauly
HAAT 256.34 AIULN Geanasannil w.A.2565 Hedaeas 16.60 vaimnanTaduifinaseUszAnsnN
ﬂﬁiLWﬁtLgﬂ\iﬂ@ﬂmﬂmuuﬁammnN@ﬂﬁ?z‘wum’mmiLﬂalﬂuLLﬂmmmwmmﬂ il Lﬂ@ﬁTmLLQOﬂﬁﬂ
ﬁdwmrfi@mmwﬁm’iﬁ Ao lnemIn TN BsauuLMILLY (intensive aquaculture) Fauflu
Lmeqmmamzﬁ"m’ﬁwﬁ%ﬁ”?ummﬁamﬂwmniuﬁwﬁu esnnanunsniiunandnluiuiiaiauas
muzﬁummfg’]w,fmmmmmmmﬁLﬁuﬁuiﬁfaﬂ’mmm% agnalsimu ﬂﬁiLgﬂﬂﬂ@ﬁiuﬁﬂHmzﬁﬂ/ﬂN’]

o

Y o Py A o o . a 1 £ =
WIANNUAMNNINEUNEATY Iy e T L e P LN Lo e A e e A TR LA Y LR AT o TIHANNFN
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1%
]

AnnadinALiuteat luwasinain i liinaninundennibesenisazanzesamalsn
U wuAREe 158 wazds@m (Bondad-Reantaso et al., 2005) talsaszunainzulunifuaesdan
¥ as - . L% o v di [ 1 3 1 ¥ ada
nsldanlf)Tvue (antibiotics) dngniunldiieatupuuarinunlsnetnesnd winisldadgaoue

o ~ - X o o3 . x ¥
adnaldmnnzanvdaniniiuldlunianisnizidasdndiienainldglyuinishesvealsn
(antimicrobial resistance) TIANHANTENLTINHDQININIBILA gUAINNLEl uazAauandan (Cabello
et al., 2013; Watts et al., 2017) uanainid nstuilenvesendfasusluiuazAuannifuiaeslands

o
&

g5 9ANAaRaRgaiuANTatiuaessuLn1INAR Uz aEe19 (Rico et al., 2013)

24

A. hydrophila WusuafFandunumdrdnlunisnalsalutlamanasiia Tnaenizda e
Tunfu 1 aniia daign inlddatuaasainisdaucs inaass aLNaaINafaedlan An196n
& da o = P 2w & Y o
danRamiuariunaniiles nnainisgnatsvesdadignszuaiaeauanszana ilinsanisauiily
TeaRmdalunssualann (Septicemia) axnn iU a1ANe TIGINANTLNUBALRTIIAINLRLNE 5D
RAIMNIINNNTINIZLALNARTUN (Rodrigues et al., 2019) Iatuuanielunisdnuenialilae Usuilgs

H v \ o )\ ST Yo o A Yy Ay o K P
ﬂMﬂqwuqluU@L@ﬂﬂ AAAITHUAUILULLBILAFANUN ﬂq‘ﬂﬂmﬂeﬁuﬁ?ﬂ@q?ﬂﬁ‘xﬁluQN@Nﬂu QQLﬂu‘V]N’]

'
o

1990131 axulng naniguaniflunisdiwdsuuai Fauazns U N ANAUNN I 1 uns@end

q

AuNoNAuNUNIT el T uzuazansal Nenadiuasenisazanluin dauanden uazsalanfas
i luuslnaled
= = Sa = | = g = -
HranulnslasNlnnan1mININ 11U A134eUNTIAT U (anthraquinone), A3 IWALTAAN L3S

(polysaccharides), @198 an1aaes (akaloids), a13Wa11nuee s (flavonoids), @131aUNTIA7 1K (anthraguinone),

%
°

U TunaNIzIue (essentd of), #1311 11714 (saponin) wavansa= 11 lAKIAR 14 (azadirachtn) (Cinatl et al, 2003)

b

TIAIRIATY A RN NENITAUNNANAU NNIININIULBIANIFTUBYYABATE 138 antioxidant

q q

v
o o v

(Metwally, 2009) aniasiatnenszAun1sNI91uredaw kot asa1slan MNgnIIN1INULASEnIINIg
y

q

wiyiuTnludndunld@ansae (Supa-aksomn et al., 2017) {318911989 Wattanuruk and Detraksa
(2023) WUINANTANAREAINIAL AU AN BN UBAUBIGNANNN (Terminalia chebula), el (Acacia

o

catechu), 118N (Glycyrrhiza glabra), #3 (Psidium guajava), gnTan9 (Houttuynia cordata), N394
(Piper sarmentosum) WasSNAA (Garcinia mangostana) A1N190 89wy AN3Y A. hydrophila, \T
Streptococcus agalactiae, wazilia Edwardsiella ictaluri nnalsalulanls laudnsainaindesuana

qMEAukLANETYAqeAEN7 diffusion ATIEA
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| (%
o

ayulwsnAnaanun ldlunisiduassidnueilunisfiarsnn sl Wuayulnsinnladng s1a

gn szaznanlunisdgn 2-3 wew arnnsalinananls Tnadesisnasugnidonnlunissiiuae
N al , > Ay o AR R Ao oA 2 = o
WUATIEE A. hydrophila waznszsuniAniuludndinlison ayulnenAndennide 1) nesifiananin

- '

ANELENIUEA 50% MERTIAU 1:10 (wiv) HLFNMANT SAC guuaslinnEsIueyyaBaTsiiNT e 193
Wa g1 Aty (Pakakaew et al,, 2022) Hs1a9runisidadansananseifanlunisdudaide
A

©

o

. hydrophila warnse AU NANATUIUARTUTH (Rachmawati et al., 2022 ; Rahmi et al., 2019)

q

2) Anzanalas annaaemnARANITANARINIAaZANLLLLIS (Accelerated Solvent Extraction, ASE)

An13a17m 60°C Wluman 5 w1 lnarsuenlansnaiinlas 335.2 + 0.2 un./nfu (Hamid et al.,

=)

RNy

pid)

2023) U9E9UNNNERIINITTRALAZNN TRt ALIRIa9dRdun Tnadasanlalnlmifnanisaniay

v 14
¥ o o o A

navfun AN uazfuduma A. hydrophila laiduii (Thomas et al., 2023; Ear et al., 2024) agivls
AnNAsnI9mTaNaIsainaasayulngis 2 a8 Anatagduuudisuuuaisatavauiainaas
FRYINarA8LANGNAY uaznIzUIuNIIIUTIAE AN FauN U AWANANNAY TedenasatFunn
o o A == = o ¥ ° A or . = °

ansdntyeangnatann e Miduuioniglunisiinuannsguse specification tvafinun

A ~ . & - % W Ao L Xa o
unnsguresansiasngaanviretasiulsaainnisnizidesdndin Aainlunisddaaiailad
TagulszasAluniaimunansainayulngi 2 aieil lnauBaumeuarsainnszifian asannimeans
Tas uazgmanan Aatls@nsnmlunisdudamianuainFe wazlssiduanuassiaueslsui s d1Any

ek lihlsziuangnisiusnaesaniusiuazlssgnsldiduansigsugananluilantiasialyl

A8n15948
1. MIAsaNATANAANULNG

WFtNdNTanANTEeN (Garlic extract, GE) @a13@fian nzanalas (Andrographis extract, AE)
wazgpananansananszmenuazimeanalasludnsdau 1:1 (GAF) lnalsaazidaunssil nsvinane
NAAALNTY anedunse Sandad@ealud dhsntdenaenuazaneliazenn neiinzanalaseLiuis
TAAINANUAYNTIIN BnaTeang Aandadealud anduwineniuasitlusiiacane uineld
3 41 ludnsdan 1:10 Hra13aza1e M A NINTaaLEANINULTLARE AN TIMATENT19UNY LAYNTBY

= v . v o © ¥ di
avideineng filter membrane 0.45 TulATIAT LANTLMEANAZANLREN FREILATEITUMLLLLAAAIIN
#4 (rotary evaporator) ARLLUAIANNABNN7U89 Kaewphibool and Bunnak (2021) a1niiuiingnsazans
= o v , aa A o . o

wnrueanseinanllvruieuuunules nnu3snisnaaulasann Poojitha et al., (2020) LAaZ1N
ansazarglanivaaninzatalasldniudeuuunudes (Spray drying) AMNasn1siaaulasann
Tongthong. et al., (2024) aMnuuAwanilasidusdaisaninmeny (% yield) Wiuldngmuugi 4°C aund
agldnaaasniasialy AliunisaninuazALANANIEATY Andrographolide LAz S-allyl cysteine (SAC)

NnseUNTNaRlALNIIAIATATIZIMARaLARENATlA HPLC W AudadnsidulaAauudnngsunig

nanERsdiuTugRdilszneunis unanaaaudls Saudndesls
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2. nsAnwlszAnannaassrsaiaayulnslunsdudadeuuaiiFanalsa Aeromonas
hydrophila

2.1 NMSLATENAITNAFAL

annnsaialdksaNsaRANsEFiey SnvineanER (% yield) winiu 12% uazlataansaiaii
nzanalas % yield Winfu 3% AN NaN s aRRdmIINeaey TaaReuansainnsz ey
(GE) ansarinimzanelas (AE) uazgmeansarinayulng (GAF) innududusesansara 100 Aadnsu
siafiadans anihsnnsesansatngag membrane fiter 0.22 um Wiuliiernmages Fesielyl

2.2 matuadadmiunagay

1hide A. hydrophila snannasaideamzmatuladnisszauaznineanmait Guansnann
Uantlag arntudieide A, hydrophila a4lua11138115431 Trypticase soy broth LA9vIIN17LU¢i1
fignimnd 30 C iuiaan 24 Falus antudadiadantnindesinda (sterile NaCl) fiaanadaudu
0.85% 138919139 (dilution) AA21 11 d 141 0.5 McFarland turbidity standard m59adaulne 14
spectrophotometer SaA1gaNAWLALT 600 wiluwins TaelsiAn OD eejszudng 0.08-0.11

2.3 ManagauANNEINsalunsELEIM I3 aRda Aeromonas hydrophila 1898NS
aﬁ’mqu‘lws Tnes agar plate diffusion

fnuasa1n3annses Vuddhakul et al. (2007) lunnamasaupauanasnlunisdudonag
IR AT G‘?mmmmﬁmgﬂwsﬁqﬁ sinnsinaeidelsiiauueunsideede Nutrient agar (NA)
Usnnaude 100 ulnsans faldszann 3-s wilt annduihansafnanulnsusiazeiin Araradadn
100 HaANFuFaNaRAAT Lazanansain 1Usuns 50 lulrsans lduuuiunarauadunnuguenans
6 Hadinne seliedszann 35 uiiusiuRafasue s e Tsen 13 edu aniiuielidu
a1 15-20 wait lunsnadeviildin reverse osmosis sterile (RO sterile) Wusrouannaay iy
‘ﬁlfqmmﬁ 37 *Ciflwiaan 24 Galus ileATuiaantin petri dish fj"mmmLﬁumwu@uﬂ’ﬂmq‘l}nuﬁu&
(inhibition clear zone) magaafiile fminaianiumns ﬁﬂm?mmml,%ﬂ@: 3 s TTuinuag

2.4 m'-mM@u‘mﬁ"]m'mLﬁ’u"ﬁ’us‘iqqmﬁmmsmfl“uéy’qm'a‘m?cymmL%yfa (Minimal
inhibitory concentration: MIC) M288 broth dilution

fautlasannaanisees Cockerill et al. (2012) lunnsmadaumArasdudusmgaianansn
ﬁu&qmm?ﬁmmu%@ (Minimal inhibitory concentration: MIC) fan ﬁﬁmmﬁmgﬂmummﬁm LRI
mmﬁ’mmguiwa“?; 2,000 Adnusefladans uieANAILaMNTINNZIEE Mugller-Hinton Broth (MHB)
Iflpanududuanasaesiin (wo-fold serial dilution) Tnenaeafiuilaziinuidudusasasyinseti
1,000 HaAnsN/AaRART 1098 san nayuInsusaz Tl LLm%ﬁmmLiuiuﬁ%ﬁzgmmmguvl:vmm@:mﬁm
WinfU 0.97 TIAANUARAART ANt LUAT BaTiAcs a9 0.5 McFarland turbidity standard l@as

a

Tuynannudndu waenaz 100 Tulasans dhliisigomnd 37 °C wnan 24 dalue dunpaonuguls

9 a
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Tuusiazuaaaiatiuduna n1ameaesilldidanuanBananiuaimsdusaaouaunauan wasldans
anpayulnsana AL maLufiALIANNARL YINNINARDI 3 11

25 n1snagauuIANNdNTusIganda nisosinladauuaiiianalsa (Minimum

bactericidal concentration: MBC)

AnuLlaganniBnisaas Cockeril et al. (2012) luﬂﬁimM@mmmmimﬁuﬁi’mmﬁmmm
sindeuuafiGeralsa (MBC) annsmAnAsdndusfign (MIC) i ldelsiwsnyluemnsivan
mn&uﬁﬁm@mﬁiﬂﬁﬂmaﬂjuvmm@miﬂ spread plate UWa1917 Trypticase soy agar laalinalil

1 1 v
100 Tulms@ms dnluunfigouugil 37 “c iluaan 24 dalung Mnnsmeaed 3 40

3. NM53AsIzRANTAIAY LAz uAMNAIRITRIRTAN AANULNG

% a A

‘Lif]mmﬁ“mﬁmmmﬁnmmﬂ‘uﬂ?uﬁmm@zi’ﬁﬁmmmqmmmuLuﬂuw'aﬂ@r1o nfu Lile¥anng
AAZFTUN AN IR ALY LA ANEN AN ASFRIRIA T ATY Lﬁ@ﬂmﬁumqn’mﬁué‘”ﬂm IPEATANA
nsziinazldans S-allyl cysteine (SAC)INATHIATFIN AINGENITLRY Arnault et al. (2003) uazlu
ansanaimzaielas Ida1s andrographolide 1uansumsg1u AuTEN19984 Sajeeb et al. (2015) i
gnungi 35 °C uan 6 e 1nedipszyi 0, 3 uaz 6 e

mﬁmew‘ﬂ?mmmimmﬁm SAC é’ffmm?;'ﬂ\‘i High-performance liquid chromatography
(HPLC) (3% LC 300 UHPLC System, PerkinElmer) Imn,m?aumimmng’?iﬁﬁmwi’u%’u‘l,umq 1.47-
150.0 ug/ml wumimmﬁmﬁwm (Retention time) 2.00 117l antuwaannamsswinsituil g ety
pniduduesarsninggn Inanunsgududunsalneiirnauniadaduns y = 3.5176x-2.092

wazilAn R? = 0.9993 (Figure 1)

SAC standard curve

600.00

y=3.5176x-2.092 PY
500.00 R*=0.9993 .

400.00

Peak area

300.00
200.00

100.00 .-".

X2
0.00 @°

0.00 50.00 100.00 150.00 200.00
Concentration (ppm)

Figure 1 Standard curve of S-allyl cysteine
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N199LATTILTHINAITNIRT5U andrographolide 1#¥11N153LA91EW HPLC AqeiA3e3 high
pressure liquid chromatography (HPLC) (;'u FLEXAR™ LC Systems, PerkinElmer) Lm??ﬂumimmg’m
AN Nduluga9 0.78-200.0 ug/ml WUAITNIRTFINAIAT 3.22 WA ANHUNALA NTINTTNINY
& A v o ¥ v v ISP =
nunlanafuadnduresarsuinsgiu lnsvuinsgrududunsalnaiAranningadunse v =
10347x+35658 UaziA1 R® = 0.9999 (Figure 2)

Standard Andrographolide Curve

2500000.00
y =10347x+ 35658
R?=0.9999 P

2000000.00
©
©1500000.00
@©
"4

$1000000.00 L4
o

500000.00 2
o®
0.00 @
0.00 50.00 100.00  150.00  200.00  250.00

Concentration (ppm)

Figure 2 Standard curve of andrographolide

4. MITUUANIATFIU (specification) Tasdnsanmialszgnsldiluasiadnludndiin

UINAN193AIIEHAaNsE ATy 1asdsainayuinssoamalla HPLC sniuunLfuIniansean
VBTN NNRAILANATININIBNANTATTA SaufLNsmssadeuatsiuten Tavemin uasiieqauriae

il didwanarsfusesnuunmassansanaives i edeanidigel lasaly

5.N153LASISUTRNANISAD A
nsdssideyanana inszianinudslsulasuaauuansnsresdneay taeldmnies

AATEAANLLTUTIU (one way ANOVA) ifFauifisuaauuansnetesAaasingds Duncan’s New

Multiple Range Test NzALIANNNITRNW 95%
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NANITANLUUIIUIRE
1. maAnuilssananmwlunmssusadauuaiiGanalsa Aeromonas hydrophila
1.1 uamssuganuafiGerassnsannayulnsdaeia agar plate diffusion
NAYBNANTANANTETIEIN (GE) gnsananmzaaiag (AE) Lmzqmmmﬁmgﬂm (GAF)
ﬁi'ﬂﬂ’lj“wM'a‘]_lﬂ')’m@Wmﬁiﬂiumiﬁuﬂ%ﬂ’m@?mﬂmL%'a A. hydrophila ImeAs agar plate diffusion Lﬁjiﬂ
NN199ATUIAEUNIAUENAN9T2Y inhibition zone WLI91 GAF ﬁmuﬁmmuimmnﬁqm %ummﬁmm%ﬁu

v v 1 1
N3EUSINNIA3BRTD A. hydrophila ANEA 9898911AB AE WAz GE 39dAInatAzsiu (Table 1)

Table 1 Antibacterial activity of herbal extracts against Aeromonas hydrophila

Inhibition zone
Herb extracts
(mean + SD) (mm.)

Garlic extract (GE) 14.1420.13"
Andrographis extract (AE) 14.92+0.24°
Herbal formula (GAF) 17.07+0.41°

Note: *° in the same column show statistical differences (p<0.05)

1.2 HAUBIANANMNTNTUANGATRIE YU NS N NT0EULINITIAT YR LT (Minimal
inhibitory concentration: MIC) WA ATAITNLTNTUAAINITOKNLE @ (Minimum bactericidal

concentration: MBC)

HANIINAABUNIAIANNIENT WA AN A NI TR ULIN9IaTTyI0Ta A, hydrophila

WUINAY MIC uaz A1 MBC 19445419810 GAF HAIN19SUEIUaZN19%1T0 A, hydrophila AgA

o o

Taaandnansdinaialage GE waz AE 14 2 W1 SellAuananeasd e liagAtunieaia (p<0.05) Lia

Waunuansainayulnaiaen (Table 2)

Table 2 Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of

herbal extracts

Aeromonas hydrophila

Herb extracts

MIC (mg/ml) MBC (mg/ml)
Garlic extract (GE) 15.63+0.00" 15.63+0.00°
Andrographis extract (AE) 15.63+0.00 " 15.63+0.00 "
Herbal formula (GAF) 7.81+0.00° 7.81+0.00°

Note: *° in the same column show statistical differences (p<0.05)

o
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2. nansAATIzUaIsAALaslszIRUANAIAIRIANTAN ARy UINS
ANNANNIHTR A. hydrophila 158 MBC T Table 2 Aiaangmsansan nax1lng GAF 1nvinnsdntn

a =

AMAsAR luaN N lduase Naauund 35 asAal@aa Tnavinnnsdmiiunnians S-allyl cysteine

a
' |
=l

(SAC) wazdnLFuNnudns andrographolide 711981 0, 3 WAY 6 LAY ARENATA HPLC wudn Welfiuans

anpliiduszazingn 6 e a17d1AYNe 2 AallAnanasauanal Taalulaaun 3 Las 6 AN41T S-allyl
cysteine AARIAINANTNAU (LABW 0) AINFBEAT 100 WA 61 LAY 47 ATNAAL GIUAIENT

o o

andrographolide AARYANNENAL IWAS 27.29 LAY 21.71 ATNAIAL TIUANLANFNaH 19N Tg Aty

NNANA (p<0.05) (Table 3, Figure 3)

Table 3 Active compound in the herbal formula (GAF)

Active compound

month S-allyl cysteine Andrographolide
(mg/g extract) (mg/g extract)
0 8.89+0.61° 14.40+0.26°
3 5.46+0.09° 3.93+0.02°
6 4.20+0.14° 3.13+0.11°

Note: *” in the same column show statistical differences (p=<0.05)
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1]
|« anaregrashelids siandard (A)

Andrographolice

Anregrapholids sanga (©)
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Figure 3 Chromatogram of : (A) Andrographolide standard, (B) Andrographolide in GAF after the formulation,
(C) Andrographolide standard, (D) Andrographolide of GAF, keep 35 °C, for 3 months, (E) Andrographolide
standard, (F) Andrographolide of GAF, keep 35 °C, for 6 months, (G) S-allyl cysteine standard (SAC), (H)
SAC of GAF after the formulation, (I) SAC standard, (J) SAC of GAF, keep 35 °C, for 3 months, (K) SAC
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3. NMSIUUANIASFIY (specification) Tasansanmiaszgnaldilluasiadnludndn
nuualufusasgaeansainayulng (GAF) lasunAAududusesansain vie MBC salta
A. hydrophila $n RN MUANNR UG AIANTATR GAF iBAILANANNTWIBNHAR turTanseE N lwemng

Am7 pulseniANIENIIINERTILATANNTl G‘“ﬂ\i ﬁwumqmmwudﬁ"@m ﬁliﬁ’]u‘ll@ﬂ@’]ﬂ’]iﬁm’fﬂ’)llﬂﬂLftl‘W’]5

W.A. 2558 UseNNemF@s N MILART AU VLN e ige (Table 4)

Table 4 Specification of herbal formula (GAF) for aquaculture

Product name Scientific name: Part used
Herbal formula (GAF) Andrographis paniculata Leaves

Allium sativum L. Bulb
ANALYSIS ITEM SPECIFICATION METHOD
Assay:
Andrographolide = 0.112 mg/g HPLC method
S-allyl cysteine (SAC) = 0.069 mg/g HPLC method
Appearance Fine powder Organoleptic
Color light green Organoleptic
Odor & taste Characteristic Organoleptic
Moisture < 5.0% Moisture analyzer
Heavy metals:
Lead (Pb) < 1.0 mg/kg Eur.Ph. <2.2.58>ICP-MS
Tin (Sn) < 250.0 mg/kg Eur.Ph. <2.2.58>ICP-MS
Arsenic (As) < 2 mglkg Eur.Ph. <2.2.58>ICP-MS
Cadmium (Cd) < 0.3 mg/kg Eur.Ph. <2.2.58>ICP-MS
Mercury (Hg) < 0.02 mg/kg Eur.Ph. <2.2.58>ICP-MS
Microbiology
Yeast & Mold < 10° CFU/g Eur.Ph. <2.6.12>
Total plate count <10° CFU/g Eur.Ph. <2.6.12>
Staphylococcus aureus Not detected (CFU/ 0.1 g) Eur.Ph. <2.6.12>
Clostridium spp. Not detected (CFU/ 0.1 g) Eur.Ph. <2.6.12>
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Salmonella spp. Not detected (CFU/ 25 g) Eur.Ph. <2.6.13>

E. Coli < 3.0 (MPN/qg) Eur.Ph. <2.6.13>
Mycotoxin

Aflatoxin (B1+B2+G1+G2) < 20.0 (ppb) AOAC (2019), 991.31
Allergen None

Packing &Storage: Packed in aluminum foil vacuum bag; N.W: 1 Kg

Store in the room temperature 25-35 °C and dry container Away

from light.

6 months under the conditions above and in its original
Shelf life:

packaging.

Center of excellence of agricultural innovation for graduate
Manufacturer:

entrepreneur, Maejo university, Thailand

Remark: 1. (No. 414) B.E. 2563 Issued by virtue of the Food Act B.E. 2522 Re: Standards for Contaminants in Food.
2. (No. 416) B.E. 2527 Issued by virtue of the Food Act B.E. 2522 Re: Standards for pathogenic microorganisms in

Food.

AANTRINANI5IRE

AnuanT3Ussiind sc AN nuedasananssiian (GE) 41387 aN1nsanalas (AE)
uazgRsaNTaTnaNWNg (GAF) AN suaNansarin GE: AE Tugnandau 1:1 Tunisdudadeuundide
nalsa A. hydrophila Tutan nan1snagaunuin GAF TWnalunnatiuduazainigae A, hydrophila 16
Andngaulnsinsaed 1 liiudfoyneada desainlugnazes GAF SansdrAnyludauses S-Allyl
cysteine (SAC) waz andrographolide ﬁﬂiwL@?mqw'ﬁrﬁuiumiﬁﬁmﬂL%@Lmﬁﬁﬁbﬂ WATA1INEN SAC 7
wulunszian A9eeunissanudngia g IunismeuaueasssuLNRAN IR Lavdusuniunng
it A, hydrophila Turlandian (Labeo rohita) svavianin (fingerlings) laasinaiitsz@n5nn (Sahu
et.al., 2007) AaMAAR4TLTI9NUYRY Natasya et al., (2018) WUINATARANTUALNAINNIUDA 20%
figaemanududu 0.6 - 0.8 mg/ml anunendues (MIC) Larainde (MBC) A. hydrophila yanani
lunszineuegaians alicin ﬁﬁqm%ﬁumﬁmfﬁm@ﬁqmew’ DNA a2 RNA dadpaa1anisainslilssiy

al

TuuuAnLTe (Ankri and Mirelman, 1999) L&z andrographolide anarranaiineatalasdanuim
v o PREP Y o o = | - A .

fudinisuanseandasguninaadasiunisdunszillsnuiaznisutiagadraaiuanize (Hossain
et al., 2021) Haeunisldansaninimeanalaslulainas (Carassius auratus) wudn Uaneslungs

NAnEa A. hydrophila NATuAsaAN I MzATaINENIINT998ATIATIZITN (80%) IaLELALNGNT
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Aol dsansain Tmﬂﬁﬂaiﬂmifa@ﬂqﬁu@ﬂmﬂrf’fml,%@ A. hydrophila uda Saiunsugndean

yasgiulalnlmil (Cytokine Genes) Aifluasian1sfunNISnELaNAS (Thomas ef al., 2023)
naannIsAsEsenanauansliiiuingrsayulnsiinsnanarsaiansniauiuiinzanalas

WiuadudimsadryifvineadeuueiiGerelsnldaign anihllgninlszfiurunsiazesansddy

a

aaanlnaia 2 7in A SAC uaz andrographolide lugmsanulnauaa GAF Aiqruvni 35 °C iluiaan
6 LA L‘ﬁfaﬂa‘zLﬁumﬁqm3Lﬁu§ﬂwwfmmmﬁm Senudn ﬂ?mmmidwﬁmﬁq 2 %l anavatieseiiiog
Tneluideudl 3 A SAC anasfieuwinga ustednslsfimuans SAC Seflaruasiasnnninganssandulu
ansaranazfieniiin | ugnmniives (302 °C) usvazionn 15 fu fliuudadTuaens 51.68%
vasfiunndaddududuluasafanssiaududu uaglinuliunnsadduiieioliuiu so 5u
(Phoungchandang and Boonnattakorn., 2008) Tuanidien andrographolide anadwaasaeas 27 413
waulnsnsnin'las (Andrographolide) %QLﬂumﬁizﬁ’ﬂﬁmiuﬁﬁm:@ﬁﬂIm fAnuiadesfanILiaui

=2 =

HIUNYNAIDN 70 a9AEALTEA (Phlapruekkan et al., 2006) AvFaSWENWILUIN N Ui UATEATY
sinlulunnsAnmasei sidedesndnansaialildluszasnisdesliifiu 3 e ednslsimuainna
nssinideuuaiiBy A. hydrophila HlildAAadduTiasimn i uunRnn nasainasulnsia
2 110 lwenansfusesnInsguansann we specification deluuannemssimiaasuinsduans

¥

s luniattasiuisaludndunlesalil

nnanssusenA
NudRaEetlafunisaduayuAINNaIuANLaTH 991, TATINNINAMUIINAARLA IR
Lﬁ@@mmuﬂiw (Wa9.) (s%atAganis: PHD58100069) meﬂmuQr:uﬂmzmﬁiuiﬂﬁmiﬂ?xmum

niwenamien lunisewasziidie Aeromonas hydrophila & miuAa e zisugnsnl arsad

anunlun19M134e wazANdoamae lud1uane o anfineutinddaaesgudaonuiuiaadiu

al
1 v ¥

winngssuneNIsNERsA miLTARgssneunng unanendeud1s aunsyiaanideaiatdiagans

¥ a
MEIA

LANA1FA9B
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