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ABSTRACT (THAI) 

ชื่อเรื่อง การเพ่ิมมูลค่าคุณภาพเนื้อและการเจริญพันธุ์ของปลาลูกผสมเพื่อ
อุตสาหกรรมอาหาร 

ชื่อผู้เขียน นางสาวสุภาพร  สัตตัง 
ชื่อปริญญา ปรัชญาดุษฎีบัณฑิต สาขาวิชาเทคโนโลยีการประมงและทรัพยากรทางน้้า 
อาจารย์ท่ีปรึกษาหลัก ศาสตราจารย์ ดร.เกรียงศักดิ์  เม่งอ้าพัน  

  

บทคัดย่อ 
  

     เนื่องจากปัจจุบันมีปริมาณความต้องการปลาหนังน้้าจืดแล่เนื้อในตลาดโลกเพ่ิมมาก
ขึ้นท้าให้เกิดความต้องการลูกปลาที่มีคุณภาพส้าหรับการผลิตสัตว์น้้าสูงขึ้น แต่จ้านวนพ่อแม่พันธุ์ปลา
หนังน้้าจืดมีจ้ากัด ส่งผลต่อความต้องการในการปรับปรุงพันธุ์เพ่ือการเจริญเติบโต เพ่ิมจ้านวนการ
เจริญ พันธุ์  และคุณ ภาพ เนื้ อของปลาลู กผสม  (Pangasius larnaudii  x Pangasianodon 
hypophthalmus) โดยการเสริมน้้ามันปลาน้้าจืด 3 ระดับ คือ ที่ระดับร้อยละ 0 (ชุดควบคุม) 1 และ 
2 (น้้าหนัก/น้้าหนัก) ในอาหารปลา เพ่ือทดสอบประสิทธิภาพการเจริญเติบโต การเจริญพันธุ์ คุณภาพ
เนื้อ ได้แก่ คุณภาพสีของเนื้อ คุณค่าทางโภชนาการ องค์ประกอบของกรดไขมัน วิตามินอี คุณภาพ
ซาก สารต้านอนุมูลอิสระ และภูมิคุ้มกันแบบไม่จ้าเพาะ ก่อนน้าเนื้อปลาลูกผสมไปแปรรูปเป็น
ผลิตภัณฑ์ไส้อ่ัว จากนั้นประเมินคุณลักษณะทางประสาทสัมผัสของเนื้อปลาและผลิตภัณฑ์ไส้อ่ัว 
ตลอดจนต้นทุนการผลิตปลาต่อกิโลกรัม 

     ผลการศึกษา พบว่าในอาหารปลาที่เสริมน้้ามันปลาน้้าจืดมีปริมาณกรดไขมันทั้งหมด
สูงกว่าชุดควบคุม อย่างไรก็ตาม ปลาที่เลี้ยงด้วยอาหารปลาเสริมน้้ามันปลาน้้าจืดในช่วงฤดูวางไข่ 
(เมษายน-สิงหาคม) พบว่าปลาที่เลี้ยงด้วยอาหารปลาเสริมน้้ามันปลาน้้าจืดที่ระดับร้อยละ 1 มีน้้าหนัก
ที่เพ่ิมขึ้น และมีอัตราการเจริญเติบโตเฉลี่ยต่อวัน  (ADG) ในช่วงฤดูวางไข่ดีที่สุด โดยมีค่าเท่ากับ 
354.90 กรัม และ 2.96 กรัม/ตัว/วัน ตามล้าดับ มากกว่าชุดควบคุมอย่างมีนัยส้าคัญทางสถิติ 

(p<0.05) นอกจากนี้ยังพบอีกว่าในปลาลูกผสมเพศเมียมีปริมาณฮอร์โมน 17 β-estradiol/E2; 1,577 
± 5.26 pg/mL-1 และปลาลูกผสมเพศผู้มีปริมาณฮอร์โมน testosterone/T; 3.28 ± 0.41 ng/mL-1 
ซึ่งมีความแตกต่างอย่างมีนัยส้าคัญ (p<0.05) สูงกว่าชุดควบคุมที่ 113.12 ± 43.33 pg/mL− 1 และ 
2.56 ± 0.95 ng/mL− 1 ตามล้าดับ อีกทั้งยังพบจ้านวนเซลล์ไข่และน้้าเชื้อของปลาที่พัฒนาได้ดีใน
ปลาที่เลี้ยงด้วยอาหารปลาที่เสริมน้้ามันปลาน้้าจืดที่ระดับร้อยละ 1 และ 2 สูงกว่าชุดควบคุม แต่ไม่
แตกต่างทางสถิติ (p>0.05) ในช่วงหลังฤดูวางไข่ (กันยายน-ธันวาคม) ส่วนคุณภาพของเนื้อปลา ได้แก ่
สีเนื้อ คุณค่าทางโภชนาการ องค์ประกอบของกรดไขมัน ปริมาณวิตามินอี และคุณภาพซากของปลา
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ลูกผสมที่เลี้ยงด้วยอาหารปลาที่เสริมน้้ามันปลาน้้าจืดไม่มีความแตกต่างกันทางสถิติกับชุดควบคุม  
(p>0.05) ซึ่งผลของการเสริมน้้ามันปลาน้้าจืดในอาหารปลาต่อกิจกรรมต้านอนุมูลอิสระของระดับ 
กลูตาไธโอน พบว่าไม่มีความแตกต่างกันทางสถิติ (p>0.05) แต่ระดับมาลอนไดแอลดีไฮด์ของปลาที่
เลี้ยงด้วยอาหารปลาที่เสริมน้้ามันปลาน้้าจืดมีความแตกต่างกันทางสถิติ  (p<0.05) กับชุดควบคุมใน
เดือนเมษายนและมิถุนายน และภูมิคุ้มกันแบบไม่จ้าเพาะ พบว่ามีการเพ่ิมระดับของเอนไซม์ไลโซไซม์
ของปลาที่เลี้ยงด้วยอาหารเสริมน้้ามันปลาน้้าจืดที่ระดับร้อยละ  1 สูงกว่าชุดควบคุม และมีความ
แตกต่างกันทางสถิติ (p<0.05) แต่ค่าไนโตรบลูเตตตราโซเลียมไม่มีความแตกต่างกัน  (p>0.05) 
หลังจากการเลี้ยงนาน 8 เดือน ด้านการทดสอบความชอบทางประสาทสัมผัสของผลิตภัณฑ์เนื้อปลา
และผลิตภัณฑ์ไส้อ่ัว พบว่าผลิตภัณฑ์จากปลากลุ่มที่ได้รับอาหารปลาที่เสริมน้้ามันปลาน้้าจืดที่ระดับ
ร้อยละ 1 มีคะแนนความชอบทางประสาทสัมผัสสูงสุด ตลอดจนอาหารปลาที่เสริมด้วยน้้ามันปลาน้้า
จืดที่ระดับร้อยละ 1 และ 2 สามารถลดต้นทุนการผลิตได้ถึง 13.27 และ 8.47 บาท/กิโลกรัม 
ตามล้าดับ เมื่อเปรียบเทียบกับอาหารชุดควบคุม 

     ผลการวิจัยนี้สรุปได้ว่า การเสริมน้้ามันปลาน้้าจืดที่ระดับร้อยละ 1 ในอาหารปลา
ในช่วงฤดูกาลวางไข่ สามารถช่วยเพ่ิมการเจริญเติบโต การเจริญพันธุ์ของพ่อแม่พันธุ์ปลา เพ่ิม
ภูมิคุ้มกันแบบไม่จ้าเพาะ ตลอดจนการยอมรับผลิตภัณฑ์เนื้อปลาและไส้อ่ัว ลดต้นทุนการผลิตปลาได้ 
และมีศักยภาพสู่การเพาะเลี้ยงสัตว์น้้าเชิงอุตสาหกรรมอาหารได้  นอกจากนี้ ได้จดอนุสิทธิบัตร 
สูตรอาหารปลาเสริมน้้ามันปลาและผลิตภัณฑ์ไส้อั่วจากปลาลูกผสม 

 
ค้าส้าคัญ : การเจริญเติบโต, การเจริญพันธุ์, การประเมินทางประสาทสัมผัส, คุณภาพเนื้อ, ต้นทุน, 
น้้ามันปลาน้้าจืด, ภูมิคุ้มกัน, อุตสาหกรรมอาหาร 
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and Aquatic Resources 
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ABSTRACT 
  

     According to the increasing demand of freshwater catfish fillets in the 
world market, the demand of quality fry for fish production is expanding. A small 
amount of freshwater hybrid catfish broodstock effects on the breeding requirements 
to growth, increasing number, reproduction and meat quality of the hybrid catfish 
(Pangasius larnaudii x Pangasianodon hypophthalmus). This investigation was 
determined the effect of fish oil on various aspects of fish products. The brood fish 
was fed with fish feed pellet supplemented with 3 levels of freshwater fish oil 
including 0% (control), 1% and 2% (w/w) to improve growth efficiency, reproductive, 
meat qualities of fillet such as color quality, proximate composition, fatty acid 
composition, vitamin E content, carcass quality, antioxidants, nonspecific immunity 
and sensory evaluation of fillet and Sai Aua product (Northern Thai spicy sausage) as 
well as the cost of fish production. 

     The results showed that the fish diet supplemented with freshwater 
fish oil was higher fatty acid content than the control. The fish was fed with fish diet 
supplementd with freshwater fish oil during the spawning season (April-August). Fish 
diet supplemented with 1% freshwater fish oil had higher weight gain and average 
daily gain (ADG) in during the spawning season of 354.90 g and 2.96 g/fish/day, 

respectively, significantly more than the control (p<0.05). Female fish was 17 β-
estradiol /E2 of 1,577 ±. 5.26 pg/mL-1 and male fish was testosterone /T of 3.28 ± 
0.41 ng/mL-1 which were higher values significant difference than the control (p<0.05) 
of 113.12 ± 43.33 pg/mL−1 and 2.56 ± 0.95 ng/mL−1, respectively. In addition, the 
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number of well-developed oocytes and spermatocytes of fish diet supplemented 
with 1% and 2% freshwater fish oil were higher than the control. However, there 
were not significant differences during post-spawning season (September-December). 
The meat qualities such as color quality, proximate composition, vitamin E content in 
fish fillet and carcass quality in the fish sample treated with fish at diet 
supplemented with freshwater fish oil were not different with the control sample. 
The effects of freshwater fish oil supplementation in fish diet on antioxidants of 
glutathione was not different (p>0.05), but malondialdehyde levels of fish diet 
supplemented with freshwater fish oil were different with the control in April and 
June. Non-specific immunity was found that fish diet supplemented with freshwater 
fish oil at 1% was higher lysozyme value than the control sample and significantly 
different (p<0.05), but Nitroblue tetrazolium levels was not different after pisciculture 
8 months. For the sensory evaluation of fillet and Sai Aua products, the product from 
fish feeding with fish diet supplemented with freshwater fish oil at 1% had the 
highest sensory score by panelists. In addition, fish diet supplemented with 
freshwater fish oil at 1% and 2% can reduce costs to produce fish product of 13.27 
and 8.47 baht/kg, respectively, compared to control diet. 

     It can be concluded from results of this research that freshwater fish 
oil supplementation at 1% in fish diet during the spawning season can increase the 
growth, reproductive of the fish broodstock, increase non-specific immunity, meat 
qualities as well as acceptance of fish meat and Sai Aua products. The reducing cost 
of fish production and support for aquaculture food industrial were evaluate. The 
petty patents were accepted for fish diet supplemented with fish oil freshwater and 
Sai Aua. 

 
Keywords : Growth, Reproduction, Sensory evaluation, Meat quality, Feed cost, 

Freshwater fish oil, Immunity, Food industry 
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CHAPTER 1  
INTRODUCTION 

 
Recently, significant increasing in demand for freshwater catfish fillet 

was observed in global market, shifting from U.S. and EU to China, India and ASEAN 
markets (Food and Agriculture Organization of the United Nations (FAO), 2017). 
Thailand is one of most important ASEAN member countries importer of Pangasius 
spp. (most frequently Pangasianodon hypopthalmus traded as “Pangasius Dory 
fillet”) from Vietnam, reaching over 10,600 tons of December 2019 (Department of 
Fisheries, 2019). Significant growth of the prices for freshwater catfish fillet market 
was recognized in period from 2017-2019, strongly driving the need for brood stock 
of high quality and quantity to produce enough fingerlings for catfish aquaculture. 
Even though COVID-19 pandemic caused an unexpected reduction in the 2020 
demands, it is likely that freshwater catfish aquaculture industry will soon recover 
and continue to grow in longer term (FAO, 2020). Therefore, providing optimal growth 
and sexual maturation conditions with adequate diets and husbandry is crucial for 
achieving higher gamete production to meet both current and future demand of 
quality fingerlings catfish for aquaculture and food industry. 

Industrial processing from whole catfish to frozen fish fillets produces 
40-60% of by-products such as bone, fish fat/oil, viscera, and skin. The offal is not 
usable for human consumption and is frequently used as raw material to produce 
fish meal and oil, or in some cases fertilizer (Silva and Dean, 2001). Recently trending 
“added value” seafood products are emphasizing their content and benefits of 
omega 3, 6 and 9 fatty acids in human diet. It was shown recently that fish oil from 
the Maejo Buk Siam freshwater hybrid catfish (Pangasianodon gigas x P. 
hypophthalmus) contains favorable ratios of fatty acids (saturated: monounsaturated: 
polyunsaturated as 13.83: 76.64: 9.52 g/100 g, respectively). Furthermore, content of 
omega 3, 6 and 9 fatty acids was reported as 0.73, 8.42 and 42.28 g / 100 g, 
respectively (Sattang et al., 2018a). However, recent trends in “added value” seafood 
products are emphasizing their content and benefits of omega 3, 6 and 9 fatty acids 
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in human diet (Stoneham et al., 2018). Unsaturated fatty acids (HUFAs: 
docosahexaenoic acid, DHA, 22:6n-3; eicosapentaenoic acid, EPA, 20:5n-3; and 
arachidonic acid, ARA, 20:4n-6), are required for proper growth and reproduction of 
fish (Sargent et al., 1999; Luo et al., 2019). However, the downside of increased 
demand for fish meal/oil is reflected on the increased cost and decreasing 
sustainability of its use in commercial diet formulations (Alhazzaa et al., 2019). Using 
of fat from aquaculture to supplement fish diets may present as viable alternative 
ingredients (Rattanapot et al., 2018a). 

Previously report, Tilapia fed with two different fish oil (Anchovy and 
cod liver oil) supplements showed differences in growth parameters (Hunt et al., 
2018). Furthermore, male European sea bass (Dicentrarchus labrax) showed better 
survival rates and reproductive performance when fed two commercial pellet diet 
enriched with polyunsaturated fatty acid (PUFAs) during the reproductive season 
compared to wet diet (Asturiano et al., 2001). As arachidonic acid is a critical precursor 
for prostaglandin synthesis. It plays an important role in regulation of sex hormones 
involved in development and maturation of sperm and eggs in fish (Ann Sorbera et 
al., 2001; Wade and Van Der Kraak, 1993). Fish oil from the Maejo Buk Siam freshwater 
hybrid catfish (P. gigas x P. hypophthalmus) contains favorable ratios of fatty acids 
(saturated: monounsaturated: polyunsaturated as 13.83: 76.64: 9.52 g/100g, 
respectively) and content of omega 3, 6 and 9 fatty acids was reported as 0.73, 8.42 
and 42.28 g/ 100 g, respectively (Sattang et al., 2018a). It was also reported that 
hybrid catfish responds to dietary supplementation of freshwater fish oil (1.5%, total 
fat 7.6%) with increased growth performance, but it had no effect on the prevention 
of oxidation. Because it had no effect on the oxidative defense and it could not 
reduce the level of lipid MDA in the fish plasma. (Rattanaphot et al., 2018a). However, 
growth performance of the Nile tilapia treated with feed supplemented with 1% and 
1.5% freshwater fish oil dramatically increased and can be reduced oxidative stress, 
increased endogenous antioxidants and improved resistance to poor environmental 
conditions (Rattanaphot et al., 2018b; Amornlerdpison et al. 2019). In order to utilize 
fish oil efficiently, it is necessary to determine optimal, cost-effective and sustainable 
levels of supplementation that will enhance growth and reproductive performance in 
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the hybrid catfish broodstock. In addition, hybrid catfish crossbreeding between 
Pangasius larnaudii (male) and P. hypophthalmus (female) provided the highest 
fertilization rate (95.33%) and hatching rate (87.33%). After experimental raising in 
cage, it was found that good growth and high survival rate (93.78%) were observed, so 
it has the potential to produce hybrid catfish fry (Sattang, 2015).  

Currently, there is no available information about effects of 
freshwater fish oil on hybrid catfish reproduction. Therefore, the aim of this study was 
to determine effects of low level (1 or 2%) freshwater fish oil dietary supplementation 
on growth, reproductive condition, antioxidant, non-specific immunity, fish flesh 
qualities and consumer acceptance of the hybrid catfish (P. larnaudii x P. 
hypophthalmus) in an effort to optimize brood stock husbandry in freshwater hybrid 
catfish aquaculture industry.  
 
Objectives 

 
1. To study the effect of freshwater fish oil dietary supplementation 

on growth and reproduction condition of the hybrid catfish (P. larnaudii x P. 
hypophthalmus) during and after spawning season.  

2. To study the effect of freshwater fish oil dietary supplementation 
on antioxidant, non-specific immunity, fish flesh qualities and consumer acceptance of 
the hybrid catfish.  

3. To develop valued fish products from hybrid catfish of 2 products, 
which are fish fillet and Sai Aua (Northern Thai Spicy Sausage). 

4. To study the cost of fish diets.                                         
5. To promote the aquaculture industry in the production of fish fry of 

freshwater hybrid catfish for sufficient quantities and sustainable. 
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Expected Benefits 
 

1. Novel knowledge on reproductive and efficiency of brood stock and 
fry production of hybrid catfish. 

2. The effect of freshwater fish oil dietary supplementation on growth, 
reproductive, fish flesh quality, antioxidant and non-specific immunity of hybrid 
catfish. 

3. Acceptance fish fillet and Sai Aua products of fish healthy food, 
ready-to-eat menus for marketing. 

4. Value added of fish diets using by product materials to develop 
health products from higher value from fish meat. 

5. Industrial entrepreneurs apply the research results to increase the 
economy and stability for the business sector. 

6. Farmers of hybrid catfish sustainably generate more income / year. 
7. Submitted at least 1 petty patent. 
8. Published 3 academic articles.   
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CHAPTER 2  
REVIEW OF LITERATURE 

 
1. The biology of stripped catfish (Pangasianodon hypophthalmus Sauvage, 
1878) 

 
Pangasianodon hypophthalmus is a member of the Pangasiidae 

family in the order Siluriformoes which includes all catfish (Roberts and Vidthayanon 
1991). Originally, known as a riverine freshwater fish, this species is limited to the 
Mekong River, the Chaopraya River and possibly the Mekong Basins in Cambodia, as 
well as the Lao People's Democratic Republic, Thailand and Viet Nam, together with 
the Ayeyarwady Basin of Myanmar. The species has a variety of common English 
names including Sutchi catfish, iridescent shark-catfish, and striped catfish. It is called 
‘Pa sooai’ and ‘Pa sooai khaeo’ in Laotian, ‘Pla Sawai’ in Thai language, ‘Pra’ and 
‘Trey pra’ in Khmer and ‘Cá Tra’ in Vietnamese (Ish and Doctor, 2005). The traditional 
development of capture-based aquaculture for this species, particularly in Viet Nam 
and to a lesser extent in Thailand and Cambodia, probably began because it is a 
prolific spawner, producing a relatively large numbers of larvae that are easily 
harvested from flowing rivers. Mature fish can reach a maximum standard total 
length of 130 cm and up to 44 kg in weight. This species is benthopelagic, typically 
living within the range of pH values of 6.5-7.5 and 22-26 °C. Females take at least two 
or three years to reach sexual maturity in captivity (being over 1.5-3 kg in weight), 
while males often mature in their second year, probably taking about the same 
amount of time as in the wild (Ish and Doctor, 2005). The seasonal spawning takes 
place at the beginning in of the season May-June (Poulsen et al., 2008). The P. 
hypophthalmus in Puerto Rico may be spawned from June through September when 
water temperatures are above 27 °C. Individuals may be induced to spawn more 
than once during this time. Females can produce as many as 60,000 eggs/kg at this 
stage. At the time of ovulation eggs are around 1.5 mm in diameter (McGee, 2014). 
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Figures 1 Characteristics of Pangasianodon hypophthalmus (Sauvage, 1878). 
Source: Sattang (2015) 

 
2. The biology of black ear catfish (Pangasius larnaudii Bocourt, 1866) 

 
Catfishes of the genus Pangasius are the members of the family 

Pangasiidae (Nelson, 1984). P. larnaudii is a species of catfish native to the Mekong 
and Chao Phraya river basins in Myanmar, Cambodia, Laos, Thailand, and Vietnam. 
This species migrates up and down the Mekong with the wet and dry seasons. 
Characteristics of P. larnaudii have anal soft rays 28 - 32. A large black spot above 
the base of the pectoral fin and a black longitudinal stripe along each caudal lobe. 
Dorsal and pectoral fins with a strong spine and a long, filamentous rays with 13-17 
gill rakers in first arch. This P. larnaudii feeds on shrimps, small fishes, gastropods and 
plants (Roberts and Vidthayanon, 1991). P. larnaudii is used, along with hybrids, in 
aquaculture in the native range, but no records of aquaculture use outside of 
Southeast Asia were found (Froese and Pauly, 2018). Mature fish can reach a 
maximum standard total length of 130 cm SL (Baird et al. 1999). Furthermore, 
Bardach (1958) suggests that their spawning habitats are in the Mekong River near 
Stung Treng whereby larvae reach the Bassac River (southern Cambodia) within 6 – 8 
days. P. larnaudii was observed to migrate over the Khone Falls in spawning 
conditions leading to speculation of spawning grounds above the Khone Falls. Young 
fish feed in floodplain habitats during the rainy season. During the dry season, they 
inhabit deep pools in the Mekong mainstream (Kratie-Stung Treng reaches). 
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Figures 2 Characteristics of Pangasius larnaudii (Bocourt, 1866). 
Source: Sattang (2015) 
 
3. The crossbreeding and hybridization in aquaculture 
 

3.1 Hybridization and crossbreeding  
 

Hybridization is the mating of genetically differentiated individuals or 
groups and may involve crossbreeding within a species (also known as line crossing or 
strain crossing) or crosses between separate species (Rahman et al., 2013). This 
breeding technique is used by aqua culturists to produce higher aquatic animal 
quality, increase disease resistance, improve environmental tolerance, meat qualities, 
and manipulate sex ratios, as well as various other traits (overall improvement, hybrid 
polyploidization, experimental hybridization, and unplanned or accidental 
hybridization) to make fish more profitable to raise (Rahman et al., 2013; Bartley et 
al., 2000). At times, the goal of crossing species or lines is not to capitalize on 
heterosis but rather to combine certain traits, such as the fast growth of pure striped 
bass with the hardiness of their smaller relatives, the white bass. Or, in the historic 
Taiwanese red tilapia, the red coloration of Mozambique tilapia with the faster growth 
and superior dress out of Nile tilapia. Hybrids of the carps Labeo fimbriatus and Catla 
catla have been produced for decades to combine the relatively small heads of the 
former with the deep bodies of the latter, resulting in greatly improved meat yield 
(Lutz., 2021). 
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Falconer (1981) reported that a cross should be mixed with two or 
more pure breed lines and continue to improve the good characteristics of the pure 
breed. By selection method to obtain stable traits first, then crossbreeds were 
performed to find good traits, which also increased heterozygous in the 1st generation 
of hybrid populations. There are several methods such as two-way cross, backcross, 
three-way cross, four-way cross (double cross) and rotational crossing (Figures 3). 

 

 
 

Figures 3 Systems for crossbreeding. 
Source: Christensen (2003) 

 
3.2 Some recent research 
 
In a recently published study, researchers in Cameroon evaluated 

reciprocal hybrids between their native catfish Clarias jaensis and the non-native 
Clarias gariepinus. Crossing female C. jaensis with male C. gariepinus resulted in the 
highest fertilization and hatching rates, as well as the highest larval survival rate and 
lowest rate of deformities, while the reciprocal cross demonstrated poor 
performance. Growth of the C. jaensis x C. gariepinus hybrid (the female parent 
should always be listed first) was comparable to that of pure C. gariepinus from day 
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4 through day 32 but survival was slightly lower, probably because of greater size 
variation within the offspring (Tiogué et al., 2020). 

Moreover, there were research of catfish,  1) reciprocal backcross 
hybrid catfish (RCBC), Pangasianodon gigas (female) x F1 hybrid catfish (male) 2) 
backcross hybrid catfish (BC), P. gigas (male) x F1 hybrid catfish (female) 3) P. gigas and 
4) F1 hybrid catfish, P. gigas (male) × P. hypophthalmus (female) were reared in net 
cages for 5 months. The results showed that, weight gain (WG) and average daily 
weight gain (ADG) of P. gigas were the highest amount 34.45 g and 0.20 g/fish/day, 
respectively. The length gain (LG), average daily length gain (ADL) and specific growth 
rate (SGR) were highest among the RCBC (10.66, 0.062 and 2.34, respectively). While 
the survival rate of BC, RCBC and F1 hybrid catfish were higher than P. gigas (55, 48.33, 
36.67 and 30%, respectively) (Panase and Mengumphan, 2015). 

 
3.3 A cautionary note 
 
One serious problem associated with the use of hybrids in 

aquaculture involves the potential for genetic impacts on wild populations. In many 
instances, hybrids are not only fertile, but also fully capable of interbreeding with wild 
populations of the parental stocks they were derived from. This inadvertent 
introgression can result in negligible impacts in some instances, but the possibility for 
pronounced harm to wild populations and their habitats cannot be dismissed and 
should not be underestimated. Risk analysis should be applied on a case-by-case 
basis (Lutz., 2021). 
 
4. The performance of hybrid catfish  
 
  Hybrid catfish F1 (Male, Pangasius larnaudii x Female, Pangasianodon 
hypophthalmus) was developed for growth performances, survival rate and external 
characteristics improvement. The results showed that the survival rate, weight gain, 
length gain, average daily growth (ADG), specific growth rate (SGR) and protein 

efficiency ratio (PER) of this hybrid were higher than purebred P. larnaudii. The survival 
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rate of this hybrid catfish was lower than P. larnaudii, but more than P. 
hypophthalmus. The total length of fish was determined by the external 
characteristics in 6 inches fingerlings. The external characteristics of this hybrid catfish 
were similar to the P. larnaudii by had black spot on pectoral fin, but the black spot 
color was lighter than the P. larnaudii (Mengumphan et al., 2017). The hybrid catfish 
(P. larnaudii x P. hypophthalmus) of 1 year old with average weight of 1.54 kg 
displays high growth, when was fed of 1% fish oil supplement in fish feed, white pink 
meat color and protein in the fish flesh around 18.95-19.51% dry matter basis 
(Sattang et al., 2018a). Moreover, freshwater fish oil supplementation in fish feed 
during spawning season supported increased growth and enhanced reproduction 
indicators of hybrid catfish brood stock in aquaculture (Sattang et al., 2021). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figures 4 Cross breeding of hybrid catfish. 
Source: Sattang (2015) 
 
 
 
 

Male, Pangasius larnaudi Female, Pangasianodon hypophthalmus 
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5. Lipids 
 
  The lipids are a heterogenous group of substances found in plant and 
animal tissues, which share the property of being relatively insoluble in water, and 
soluble in organic solvents, such as ether, chloroform, and benzene. In this respect, 
dietary lipids may be used to spare the more valuable protein for growth. In 
particular, free fatty acids derived from triglycerides (fats and oils) are the major 
aerobic fuel source for energy metabolism of fish muscle. 
  1) Lipids are essential components of all cellular and subcellular 
membranes (lipid classes that are involved include the polyunsaturated fatty acid 
containing phospholipids, and sterol esters). 
  2) Lipids serve as biological carriers for the absorption of the fat-
soluble vitamins A, D, E and K. 
  3) Lipids are a source of essential fatty acids, which in turn are 
essential for the maintenance and integrity of cellular membranes, are required for 
optimal lipid transport (bound to phospholipids as emulsifying agents), and are 
precursors of the prostaglandin hormones. 
  4) Lipids are believed to play a role as a mechanical cushion/support 
for the vital body organs, and aid in the maintenance of neutral buoyancy. 
  5) Lipids are a source of essential steroids, which in turn perform a 
wide range of important biological functions (i.e., the sterol cholesterol is involved in 
the maintenance of membrane systems, for lipid transport, and as a precursor of 
vitamin D3, the bile acids, and the steroid hormones - androgens, estrogens, adrenal 
hormones, and corticosteroids). 
  6) From a feed technology viewpoint, lipids act as lubricants for the 
passage of feed through pellet dies, as substances which reduce the dustiness of 
feeds, and play a role in feed palatability (Tacon, 1987). 
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6. Freshwater fish oil (FFO) 
 

Previous study, Amornlerdpison et al. (2010) found that 100 g of crude 
oil from the hybrid catfish group Pangasius sp., contained 44.00 g of saturated fatty 
acids and 51.09 g of total unsaturated fatty acid consisting of monounsaturated fatty 
acid (MUFA) 37.60 g, omega-9 fatty acids such as oleic acid in the amount of 34.47 g. 
Polyunsaturated fatty acid (PUFA) has the total amount of 13.49 g. It is an omega-3 
fatty acid, including alpha-lipoic acid (ALA) 0.93 g, eicosapentaenoic acid (EPA) 0.65 g, 
and docosahexaenoic acid (DHA) 2.72 g and omega-6 fatty acids including linolenic 

acid (γ-Linolenic acid, cis-9,12-Linolenic acid) 8.47 g. 
Fish oil from the Maejo Buk Siam freshwater hybrid catfish 

(Pangasianodon gigas x Pangasianodon hypophthalmus) contains favorable ratios of 
fatty acids (saturated: monounsaturated: polyunsaturated as 13.83: 76.64: 9.52 g/100 
g, respectively) and contents of omega 3, 6 and 9 fatty acids were reported as 0.73, 
8.42 and 42.28 g/100 g, respectively (Sattang et al., 2018b). Importance of essential 
fatty acids in fish diet has been reported (Sargent et al., 1999). Unsaturated fatty 
acids (HUFAs: docosahexaenoic acid, DHA, 22:6 n-3; eicosapentaenoic acid, EPA, 20:5 
n-3; and arachidonic acid, ARA, 20:4 n-6), are required for proper growth and 
reproduction of fish (Sargent et al., 1999; Luo et al., 2019). Unsaturated fatty acids 
from fish oil, cod liver oil and squid liver oil contain essential fatty acids (EFA) which 
serve as precursors for prostaglandins synthesis (Saini and Keum, 2018). 
Prostaglandins are involved in different regulatory pathways including contractions of 
smooth muscles in the uterus, ovulation, hormone secretion, and regulation of blood 
pressure (Takahashi et al., 2018). 

Sattang et al. (2021) reported that the growth performance (WG and 
ADG) of hybrid catfish (Pangasius larnaudii x Pangasianodon hypophthalmus) during 
spawning season (August) treated with fish diet mixed with 1% freshwater hybrid 
catfish oil (FFO, P. gigas x P. hypophthalmus) was higher than control (p<0.05). This is 
in accordance with previous work of Rattanaphot et al. (2018b) who reported 
significant increase in growth of hybrid catfish (P. gigas x P. hypophthalmus) treated 
with FFO (Pangasius sp.) supplements containing high amount of omega 9 fatty acids 
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(four times higher than marine fish diet). In addition, recent research report of 
Tongmee et al. (2021) found that FFO (P. gigas x P. hypophthalmus) treatment 

inhibited the secretion and mRNA expression of the pro‑inflammatory cytokines IL‑6, 

IL‑1β, TNF‑α. FFO also reduced apoptotic body formation and DNA damage and 
enhanced the immune response by modulating the cell cycle regulators p53, cyclin 
D2 and cyclin E2.  

 
7. Essential fatty acid requirement 
 
  In view of the inability of animals to synthesize de novo fatty acids of 
the n-6 and n-3 series, these fatty acids must be supplied in a ready-made form 
within the diet. For land animals, the linoleic (n-6) series has been found to have the 
highest essential fatty acid (EFA) activity, with the linolenic (n-3) series having only 
partial EFA activity. It follows, therefore, that the predominant fatty acids (PUFA) in 
the tissues of land animals belong to the linoleic series, namely 18:2 n-6 (linoleic 
acid) and 20:4 n-6 (Arachidonic acid) (Tacon, 1987). 
  By contrast, the predominant PUFA in the tissues of fish and shrimp 
belong to the linolenic (n-3) series, and this applies to freshwater and marine fish 
alike. The concentration of n-6 PUFA in the tissues of fish is generally low, although 
higher levels are reported in freshwater fish species. This is perhaps not surprising if 
one considers that the diet of freshwater fish contains a component derived from 
terrestrial sources, and consequently rich in n-6 series fatty acids. It is generally 
believed that the n-3 series fatty acids permit a greater degree of unsaturation a 
requirement for greater membrane fluidity, flexibility, and permeability at low 
temperatures. In fact, it is generally believed that the dietary requirement 
(preferential) of fish for n-3 series EFA, over n-6 series, is fundamentally due to the 
low water temperature of their aquatic environment (as compared with mammals). 
In fact, the lower the water temperature, the greater the incorporation of n-3 series 
PUFA in the tissues. Apart from the differences in n-6 PUFA content of the tissues of 
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freshwater and marine fish species, freshwater fish also generally have higher tissue 
concentrations of the shorter chain PUFA n-3 series (Tacon, 1987). 

With the exception of strict carnivorous fish species, fish are able to 
chain elongate and further desaturate 18:2 n-6 or 18:3 n-3 (depending on the fish 
species) to the corresponding highly unsaturated fatty acid (HUFA): 20:4 n-6 in the 
case of the n-6 series, and 20:5 n-3 or 22:6 n-3 in the case of the n-3 series. It is 
generally believed that these HUFA are responsible for the key metabolic functions 
ascribed to the EFA. In fact, for most fish species, HUFA have greater EFA activity than 
the corresponding basic unit (18:2 n-6 or 18:3 n-3) (Tacon, 1987). On a general basis, 
the dietary EFA requirement of fish have been found to increase with increasing in 
dietary lipid level and/or with decreasing water temperature (Castell et al., 1972). 
Channel catfish is requirement alpha-linolenic acid (18: 3 n-3) less than 1% (Robinson 
and Lovell, 1978). 
 
8. The fish oil supplement in fish diet 
 
  The trend to increase lipid content of fish feeds for fish to optimize 
growth, feed conversion and protein utilization has caused an increase in demand for 
fish oil. The global production of fish oil (FO) based on fisheries landing is stable, and 
it is estimated that by 2020 the fish feed industry will require at least 50% of total 
world production of fish oil (Barlow, 2000; Montero et al., 2005). Aquafeeds are made 
using fish oil as the main source of lipids, since it has been rapidly available and 
enjoys a high content of n-3 HUFA (highly unsaturated fatty acids), which is essential 
fatty acidy for fish. On the other hand, capture fisheries will not be able to meet the 
increasing demand of fish oil due to the fact that sustainable levels are threatened 
by overfishing, climate changes and increasing demand from other sectors (Sargent 
and Tacon, 1999). 
  Consequently, there is increasing interest in use of alternative oils in 
both marine and freshwater aquafeeds to partly substitute and decrease the 
dependence on FO. Fish cannot synthesize the essential fatty acid (EFA), such as 
linoleic (18:2 n-6) and linolenic acid (18:3 n-3). Substitution of fish oil by alternative 
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lipid sources seems possible if the EFA requirements are met (Sargent et al., 1999). 
Therefore, substitution of FO using different alternative oils would have a positive 
impact both on demand for FO and its price (Piedecausa et al., 2007). 

Hunt et al. (2018) determined the effect of fish oil (FO) and cod liver 
oil (CLO) as the dietary lipid sources on the growth performance, feed utilization and 
fatty acid (FA) composition of Oreochromis niloticus. Results revealed that the source 
of lipid significantly effects on (p<0.05) final body weight, live body weight and daily 
growth rate. Fish fed FO diet showed lower lipid deposition and higher protein 
amount in muscle tissues (p<0.05 ). In fillet fish fed FO diet, DHA (docosahexaenoic 
acid), omega 3 and omega 6 PUFA were the higher when compared with fish fed 
CLO-based diet (p<0.05). However, fish fed CLO contained diet showed significantly 
higher liver fat (20.20±0.22) than fish fed FO diet (13.88±0.22) (p<0.001). It was also 
reported that hybrid catfish (Pangasius larnaudii x Pangasianodon hypophthalmus) 
responds to dietary supplementation of freshwater fish oil (1.5%, total fat 7.6%) with 
increased growth performance (Rattanaphot et al., 2018a). Supplementation of 
catfish brood stock (Ictalurus punctatus) diets with 10% fish oil increased spawning 
success, fecundity, total egg volume (matrix removed), individual egg weight, 
eggs·spawn-1 (volumetric), total egg lipid concentration, hatching success, and fry 
survival compared to a control diet with 4% fish oil (Sink and Lochmann, 2008). 
  It is well documented that fish consumption have a positive impact 
on human health as well as risks related to cardiovascular disease (CVD) and 
coronary heart disease (CHD) (Mohebi-Nejad and Bikdeli, 2014). Therefore, the 
relations between fish as food and human health are strongly correlated with the 
fatty acid composition of the diet (Kris-Etherton et al., 2002). The fatty acid content 
of fish can be changed with diets containing different lipid sources (Naylor et al., 
2009). 
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9. Fish reproduction 
 

9.1 Oogenesis and maturation 
 
   At first, nucleases of primordial germ cells (PGC) are increased, and 
more organelles are present in the cytoplasm, the cells then continue growing. The 
granular endoplasmic reticulum is well developed, forming concentric layers and 
whorls around each mitochondrion. The oogonia multiply rapidly by successive 
mitosis before the start of meiosis, one oogonium starts a process of successive 
divisions and formed oogonia remain linked together with a few surrounding somatic, 
or pre-granulosa cells (Le Menn et al., 2007). The first three nucleus stages occur 
during stage I of primary oocyte development. The nucleolus envelope is almost 
smooth and nuclear pores are regularly spaced. In stage II, the nucleus exhibits a 
new feature characteristic of the diplotene stage of the prophase of the first meiotic 
division. At the end of pre-vitellogenic stage II, the oocytes contain all the molecules 
and organelles necessary for its subsequent endocytic and exocytic activities during 
oocyte vitellogenesis. Ovarian follicle enlargement occurs in stage III, while the 
nucleus remains in the diplotene stage. During this stage, the oocytes accumulate in 
the yolk containing nutritional reserves (vitellogenesis) from the blood stream 
needed for embryo development and completes differentiation of its cellular and 
cellular envelopes. Vitellogenesis is a process whereby yolk eggs are produced; it 
gives both the synthesis of vitellogenin by the liver and its uptake by growing 
oocytes, where it is stored as yolk to serve as the food source of the developing 
embryos (Tyler, 1991). Vitellogenesis is also the incorporation of vitellogenin protein 
by oocytes and the processing of conversion into yolk proteins (Le Menn et al., 
2007). During this time, yolk precursors (vitellogenins) are taken up and stored within 
yolk granules in the oocyte. The yolk serves as a nutrient source for growing embryos 
and larvae once the eggs have been ovulated and fertilized.  
  Vitellogenesis starts with production in response to the central 
nervous system induces a cascade of neurohormones leading to the secretion of the 
gonadotropin-releasing hormone (GnRH) by specialized neurons. The GnRH acts on 
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pituitary cells, which secrete the follicle-stimulating hormone (FSH). The FSH signal is 
mediated by a specific receptor located on thecal and granulose cells. This leads to 
the synthesis of sexual steroid hormones, such as 17β-estradiol (E2). E2 is secreted 
into the theca blood vessels to reach the blood stream. In response to E2, specific 
receptors in hepatocytes mediate the synthesis and the release of vitellogenins (Vtgs) 
into the blood. These are considered, the main yolk precursors in the plasma (Le 
Menn et al., 2007). The Vtgs reaches the oocyte surface by passing first between the 
thecal cell, through the basement lamina and between the granulosa cells, and 
finally, along the oocyte microvilli (Selman and Wallace, 1982; Abraham et al., 1984). 
It is now well found that Vtg is selectively separated by growing ovarian follicles via 
specific receptors located in the oolemma, which become effective at this early 
stage in vitellogenesis (Le Menn et al., 2007). The mature egg is a metaphase II 
oocyte released from the ovary after the completion of the ovulatory process. At 
this stage, the egg is fully formed and contains all the molecules and nutritive 
reserves needed for embryonic development as previously explained (Brook et al., 
1997). During maturation, the primary oocyte leaves the diplotene stage and restarts 
the first miotic division. Maturation processes are induced by gonadotropic hormones 
and occur in the ooplasm and nucleus of the primary oocytes. The maturation signal 
consists of a new pulse of gonadotropic hormones, which stimulate ovarian somatic 
follicle cells, triggering synthesis of the maturation-inducing steroid (MIS). MIS acts on 
specific receptors located on the oolemma, which in turn, trigger the synthesis and 
activation of the maturation-promoting factor (MPF) in the ooplasm (Yamashita 1998; 
Senthilkumaran et al., 2004). 

In females, during vitellogenesis, GtH I or GtH II stimulates the 
production of testosterone (T) by the theca cells and its aromatization to estradiol-17 

β (E2) in the granulose cells (Nagahama, 1994). In response to stimulation by E2, the 
liver produces vitellogenin, which is sequestered by the oocytes in a receptor-
mediated process enhanced by GtH I (Polzonetti-Magni et al., 2004). At the 
completion of vitellogenesis, a surge in plasma GtH II stimulates a drop in plasma E2, 
a transient increase in plasma T during germinal vescicle (GV) migration, and a 
dramatic elevation in the plasma levels of the maturation inducing steroid (MIS), 
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which acts at the level of the oocyte membrane to induce FOM (Nagahama, 1994; 
Peter & Yu, 1997). The most common MISs are 17, 20β -dihydroxy-4-pregnen-3-one 
(17, 20 β-P) and 17, 20 β, 21-trihydroxy-4-pregnen-3-one (17, 20β, 21-P). The elevation 
of GtH II prior to FOM also induces the maturational competence of the oocytes 
(Kagawa et al., 1998), a process by which the de novo synthesis of MIS receptors 
enables the oocyte to respond to the MIS and undergo maturation. In addition to 
GtH II, insulin-like growth factor I (IGF-I) has been shown to induce maturational 
competence and FOM (Negatu et al., 1998) (Figures 5). 
 

 
 
Figures 5 Hormonal control of the hypothalamus-pituitary-gonad axis of female fish 
and morphological changes associated with vitellogenesis and final oocyte maturation.  
Source: Cardinaletti et al. (2010) 
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9.2 Spermatogenesis and maturation 
 

Spermatogenesis is the process in which spermatozoa carrying a 
haploid are produced from male primordial germ cells or diploid spermatogonial 
stem cells by way of mitosis and meiosis. Germ cells are produced through three 
major phases: mitotic proliferation (spermatogonia), meiosis (spermatocytes), and 
spermiogenesis, i.e., the transformation of the haploid spermatids into flagellated 
spermatozoa (Schulz and Miura, 2002). Spermatogonial stem cells or spermatogonia 
are committed to miotic proliferation, leading to meiosis and spermiogenesis. 
Normally, the spermatogonia go through several consecutive cell cycles in order to 
expand the germ cell so as to provide large number of cells required for fertility. 
After, mitotic proliferation, the germ cells enter the meiotic phase, which is 
comprised of two specialized cell cycles. The first one, DNA is duplicated, and the 
genetic information is recombined in the primary spermatocytes. They divide to form 
the short-lived secondary spermatocytes, which divide again quickly without DNA 
duplication, so that the germ cells emerge from meiosis as the haploid spermatids. 
Spermatogenesis starts with a single primary cell or a single spermatogonium or stem 
cells.  

Based on the different stages of the seminiferous epithelium cycle, it 
can be classified into three different types (De Rooij and Russell, 2000): type A, 
intermedia, and type B. Type A spermatogonia gives rise to differentiated type A 
spermatogonia (two to eight germ cells). Type B spermatogonia involves a 
progressively decreasing cell and nuclear volume, with a small rim of cytoplasm 
surrounding an oval to round nucleus that gradually shows more heterochromatin 
and divides more than type A spermatogonia (these cells occur in cysts with 16 or 
more germ cells). After the final mitosis, type B spermatogonia differentiate into 
primary (preleptotene) spermatocytes, from where the ensuing developmental stages 
are primary spermatocytes (1st meiotic division) to secondary spermatocytes (2nd 
meiotic division) to spermatids (differentiation without proliferation). The last stage 
involves spermatozoa. The spermatid undergoes a final differentiation period known 
as spermiogenesis, during which time they develop a flagellum, wherein the DNA is 
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maximally compacted into a small nucleus, and superfluous cellular material is 
discarded into the so-called residual body (Schulz et al., 2010).   

Spermiogenesis consists of morphological changes that lead to the 
differentiation of spermatids into spermatozoa. The changes include nuclear 
condensation, elimination of organelles and cytoplasm, flagellum formation, and the 
rearrangement of cellular organelles along the spermatozoon cytoplasm (Jamieson 
and Leung. 1991). Fish spermiogenesis involves three types; type I is characterized by 
a perpendicular flagellum in relation to the nucleus with nuclear rotation; in type II, 
the flagellum develops parallel to the nucleus without nuclear rotation, and in type 
III, the flagellum is central without nuclear rotation (Quagio-Grassiotto and Oliveira, 
2008). Generally, fish spermatozoa have no acrosome, and the impenetrable chorion 
is pierced by a micropyle that provides entry into the membrane of the oocyte. 
Moreover, fish spermatozoa can be classified into two forms, aqua sperm and endo 
sperm, according the external or internal mode of fertilization, respectively 
(Jamieson, 1991). At the end of spermiogenesis, when intercellular bridges are broken 
and spermatozoa are individualized, the junctional complex between the cyst-
forming sertoli cells undergoes a dynamic remodeling that culminates into the cyst 
opening and hence the release of spermatozoa into the tubular lumen.  

In males, gonadotropins regulate spermatogenesis via testicular 
production of androgens, mainly 11- ketotestosterone (11-KT) (Borg, 1994). Since T is 
the precursor of 11-KT, the levels of the two androgens co-vary during most of the 
reproductive season. Plasma 11-KT levels peak during spermiogenesis and decline 
just prior to, or during the spermiation period. In vitro studies of the immature testis 
of the Japanese eel (Anguilla japonica, Anguillidae) have shown that GtH-induced 11-
KT production by the Leydig cells stimulates activin B production by the Sertoli cells, 
which in turn induces spermatogenesis (Miura et al., 1991). In a phenomenon parallel 
to that which occurs in females, an increase in plasma GtH II levels at the onset of 
the spawning season shifts the testes’ steroidogenic production from androgens to 
MIS (Nagahama, 2002). Luteinizing hormone and the MIS induce increases in 
expressible milt volume by stimulating production of seminal plasma (Pankhurst, 
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1994), and the MIS stimulates motility capacitation of the stored spermatozoa via an 
increase in the pH of the seminal plasma (Ohta et al., 1997) (Figures 6). 

Measurements of gonadal steroid concentrations in the bloodstream 

provide information about the status of the brain–pituitary–gonadal (BPG) axis, and 

therefore aid in assessing the reproductive status of the fish (Merson et al., 2000). 

 

 
 

Figures 6 Hormonal control of the hypothalamus-pituitary-gonad axis of male fish 
and the major events in the testes during spermatogenesis and spermiation. 
Source: Cardinaletti et al. (2010) 
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9.3 Gonadosomatic index (GSI) 
 
Gonadosomatic Index is one of the parameters used in the 

reproduction studies of fish. It is the measurement of the relative weight of the 
gonad with respect to total or somatic weight, and is represented by the formula: 
Gonadosomatic index (% GSI) = weight of gonad (g) x 100 / body weight (g) (Nikolsky, 
1963; Sutthi et al., 2014; Al-Deghayem et al., 2017). The percentage of body weight 
of the fish that is used for egg production is determined by the gonadosomatic index. 
GSI is a common metric of reproductive allocation and reproductive conditions in 
fishery biology. However, GSI may be an imprecise proxy for the gonadal stage 
because it assumes isometry between somatic mass and gonad mass as well as a 
tight correspondence between total gonad mass and the gonad developmental stage 
(Devlaming et al., 1982; Packard and Boardman, 1988).  

Nonetheless, if significant gonad growth occurs at distinct 
developmental stages (e.g. vitellogenesis), GSI cut-off scores (i.e. designating those 
above the score as ‘reproductive’ or ‘spawning capable’) may be useful metrics for 
sorting fish into gross reproductive categories. Gonadosomatic cut-off scores of 8% 
(females) and 1%–1.3% (males) are commonly used to select reproductive 
individuals in round goby invasion studies (Bowley et al., 2010; Yavno and Corkum, 
2011; Kasurak et al., 2012). The increased values of GSI in catfish, such as Mystus 
gulio, indicated development of the gonad from March to July (peak) and droped in 
December (Sarker et al., 2002; Islam et al., 2008), Similarly to Brackish water catfish 
(Plotosus canius), the GSI indicated that mature fish become available from April to 
August, the peak was found in July (Khan et al., 2002). Additionally, Kumari (2014) 
reported that the GSI of Heteropneustes fossilis determined that the peaks of the 
diameter oocytes and testicular lobules occurred during the period of July to August. 
Kabir, et al. (2012) reported that the highest increase GSI values of female 
Pangasianodon hypophthalmus in November (0.77±0.14%) and lowest in June 
(0.26±0.07%). Similarly, as hybrid catfish F2 (female), the GSI between May to June 
was 0.22±0.15 and 3.07±0.19 of male (Sutthi et al., 2014). Al-Deghayem et al. (2017) 
revealed that animal-based protein diet and temperature around 28 °C were the 
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critical requirements for the physiological performance and GSI of Clarias gariepinus, 
while research report of Arfah et al. (2018), report the pregnant mare serum 
gonadotropin (PMSG) + Antidopamine and turmeric in feed was able to accelerate 
the gonadal maturation in spawning season (June-August) of striped catfish 
(Pangasionodon hypophthalmus). 
 

9.4 Sex steroid hormones 
 

In sex steroid hormones, the androgens (testosterone, T; 11- 
Ketotestosterone, 11-KT) develop biological activity via the testicular somatic cells 
and increase gradually as spermatogenesis proceeds and decreases at spermiation. 

Two androgen receptor subtypes (α and β) have been described in fish and they are 
all predominantly expressed in the gonads (Takeo and Yamashita, 1999; Todo et al., 
1999; Ikeuchi et al., 2001). It has been expressed in sertoli and interstitial cells but 
not in germ cells (Ikeuchi et al., 2001). The effectiveness of androgen is supporting of 
either the whole process of spermatogenesis, or at least some steps such as 
spermatogonial multiplication and spermatocyte formation (guppy) or maturation 
(killifish) (Remacle, 1976; Billard et al., 1982; Billard, 1986; Nagahama, 1994; Borg, 
1994). They may also participate in the initiation of puberty (Miura et al., 1991a, b). In 
addition, androgens induce spermiation in some species but were clearly less 
effective than progestins (Ueda et al., 1985). The main function of FSH during the 
initiation of spermatogonial proliferation is to stimulate the production of 
spermatogenesis-inducing steroids, such as 11-ketotestosterone (Miura et al., 1991a), 
the major androgen of teleost fish. In fact, FSH can induce the production of          
11-ketotestosterone in the testis in vitro (Kamei et al., 2005; Ohta et al., 2007).       
11-ketotestosterone was first identified by Idler et al. (1961) as a major androgenic 
steroid in the male sockeye salmon (Oncorhynchus nerka). In various teleost fish, this 
steroid has since shown that it can be synthesized in the testis following GTHs 
stimulation. High levels were detected in the serum during spermatogenesis (Billard 
et al., 1982) and were involved in the initiation of spermatogonial proliferation 
toward meiosis.  
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In the previous study, one-year old specimens of female hybrid catfish 
F2 (Pangasianodon gigas, male x Pangasianodon hypophthalmus, female) cultured in 
earthen ponds, showed the highest levels of 17 β-estradiol (E2) in June-October 
(49.05±8.60 pg/ml), but found that testosterone levels of male 1.33±8.60 ng/ml in 
May- June (Sutthi et al., 2014). Similarly to Manosroi et al., 2003, it was reported that 
17 β-estradiol levels in female was 47.8 pg/ mL-1 and the testosterone levels was 
record at 14.23 pg/ mL-1 in male. The highest testosterone (T) value in male 
Hemibagrus nemurus was observed in November with 0.078 ± 0.017 ng/ml and E2 
levels was highest in November (0.728 ±0.016 ng/ml) (Adebiyi et al., 2013).  

 
10. Meat quality  
 

Meat quality can be perceived by its sensory attributes (color, texture, 
juiciness, taste, odor, softness), nutritional composition (fat content, fatty acid profile, 
protein percentage, minerals, and vitamins), technical parameters (pH, water holding 
capacity (WHC) and thawing loss) (Hocquette et al., 2005; Guerrero et al., 2013). 

Carcass traits and meat quality, such as tenderness and color, are 
critical for consumer acceptance (Song and King, 2015). Some aspects of meat quality 
such as color and amount of fat can be perceived visually, but others such as 
nutritional value, fatty acid comprosition, vitamin E and the absence of residues are 
only ensured by means adequate analysis and labeling and certification (dos Santos 
et al., 2019). 

 
1) Color  
 
Color is one of the most important sensory attributes used to 

evaluate the quality of products and first criterion consumers use to judge meat 
quality and acceptability (Karthika et al., 2016). The main pigment responsible for 
meat color is myoglobin, a protein present in the sarcoplasm of the muscle fiber 
(Aroeira et al., 2017). The parameters of evaluation used for color, characterized by 
luminosity (L*, a*, b*), L* is the lightness (0 for black and 100 for white), a* is in the 
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redness (-100 for green and +100 for red) and b* is in the yellowness (-100 for blue 
and +100 for yellow) (Noordin et al., 2019). 

 
2) Nutritional composition 

 
Assessment of the major chemical composition in fish meat consisted 

of determination of moisture, protein, fat, and ash. All this, it was found that meat 
contains most water, which is about 70-80%. Other components vary depending on 
several factors, including size, sex, temperature, exercise time, type, formulation and 
feeding frequency (Shearer, 1994). The three main organic compounds in meat are 
essential for consumption: moisture, protein, and fat. 

The fat content in animals showed the greatest variability. Because 
the amount of fat depends on the piece of meat. The fat content of fresh fish is 
related to the amount of nutrients the animal receives. If compared between farmed 
fish and wild fish. It was found that the fat content of commercial farmed fish was 
higher because the feed intake and formula were good enough for the fish is needs 
(Jankowska et al., 2003). 

In addition, Papoutsoglou et al. (1987) reported that the protein and 
body fat content of fish increases as the fish grows older or as the fish gets bigger. 
The characteristics of fish meat composition and blood composition (hematological 
characteristics), or even the total fat content in the liver, can be a good indicator of 
the growth rate and health of a fish. But the changes of the earlier characteristics 
usually depend on the size of the fish (Papoutsoglou et al, 1978). 

 
3) Carcass quality  

   
  The condition factor (CF) is defined as the ratio of the body weight 
(grams) and body length (cm) cubed, and is commonly used to measure the 
conformation of fish (Akvaforsk, 2005). This trait was an important economic trait, 
suitable also for breeding purposes. The CF determines the percentage of flesh 
present on the fish body, and it coincides with a high fillet yield (Rørå et al., 2001). 
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Fillet yield is the ratio between fillet and carcass weight and is a criterion for the 
edible part of the body. The carcass percentage was calculated by the following 
formulas: carcass quality = (carcass weight / whole body weight) x 100 (Hasan et al., 
2019). 
  Intarak et al. (2015) reported that the carcass quality of Punga fish 
(Pangasius bocourti Sauvage) average body weights of 700, 900 and 1200 g did not 
changed with slaughter weight and the fillet percentage was 30.4, 31.2 and 30.7%, 
respectively. The Buk Siam hybrid catfish (Pangasianodon gigas X Pangasianodon 
hypophthalmus) average body weight 1.19 kg has carcass quality such as fish fillet, 
ventral meat, and skeleton average as 37.88, 13.51 and 33.34%, respectively (Sattang 
et al. 2018b). 
 
11. Sensory evaluation 
 
  The discipline of hedonic response flourished swiftly in 2 0 th century 
along with the growth of food processing industries. It encompasses a set of 
techniques required for the precise measurements of human reactions to foodstuff 
ultimately persuading the consumer perceptions. According to the Institute of Food 
Technologists (IFT), sensory evaluation is a scientific method used to evoke, measure, 
analyze and interpret those responses to products as perceived through the senses 
of sight, hearing, touch, smell, and taste (Stone and Sidel, 1993; IFT, 2007). Since its 
advent in 1940 s, sensory assessment has been established as an exciting, dynamic, 
and continually evolving discipline that is now renowned as a scientific field in its 
own right. The sensory professionals are regularly challenged with problems which 
call upon widespread skills derived from array of disciplines, like bio-sciences, 
psychology, statistics and often required to work with other experts from these areas. 
Furthermore, working with a human as ‘measuring instrument’ is challenging due to 
great variability. Today’s lifestyle is entirely different; hypermarkets are offering 
consumers a great range of food products. The competition between food processing 
industries is escalating for more space in superstores; hence sensory analysis has 
become vital part of food production. Sensory evaluation has emerged as an 
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essential component of food product development and standards for setting up, 
testing, analyzing, and interpreting sensory results are now at an advanced stage. 
Moreover, innovations and advancements in electronic devices have further 
simplified the evaluation process. 

 
11.1 Sensory perception 

 
  Sensorics attributes of the food products are perceived by the sensory 
organs like eyes, tongue, nose, ear etc. by interacting with food components (Kemp 
et al. 2011). The biological mechanisms involved in perception are discussed below: 
 
  1) Perception 
 

It is first food attribute which is critical in the selection or rejection of 
food. The appearance of any product is accessed through the perception. Actually, 
light waves after striking with food stuff fall on the eye retina which is comprised of 
rods and cones. Light energy after transforming into neural impulses reaches to the 
brain through optic nerve. Rods respond to white light and communicate info 
regarding the lightness of the color. Cones are receptive to diverse wavelengths of 
light concerning to ‘color’. The brain deduces these indicators, and we notice the 
appearance (shape, size, color, etc.) of the product. 
 

2) Taste 
 
It involves the perception of constituents after being dissolved in 

saliva, oil, or water by taste receptors in the taste buds found superficially on the 
tongue and other parts of the mouth or gullet. The consequential discernments can 
be divided into 5 various taste qualities – sweet, salty, sour, bitter and umami. 

• Sweet: sucrose, glucose, fructose, saccharine, aspartame  
• Salty: sodium chloride, potassium chloride  
• Sour: phosphoric acid, citric acid  
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• Bitter: quinine, caffeine  
• Umami: Chinese salt 
 
3) Smell 
 
The aroma or odor associated with food products is sensed by 

olfactory receptors present in nasal epithelium. Hence, for the detection of aroma or 
odor, volatile molecules must be shifted to the nasal cavity. These compounds 
further move in the nose during inhaling or breathing or during eating through the 
back of the throat. A specific odor is the outcome of numerous volatile compounds, 
but sometimes particular volatiles can be associated with a specific smell, e.g. Iso-
amyl acetate. 

 
4) Sound 
 
It is detected by tiny hair cells in the ear stimulated by the sound 

waves. The noise produced by food during eating contributes to the perceived 
texture of a food, e.g. effervescence of a carbonated drink, crispness of an apple or 
puffed rice. The sound waves produced during the consumption of food products 
are conducted by the air and/or bones in the jaw and skull known as intra-oral 
perception. 

 
5) Touch 
 
Texture is a complicated phenomenon, and it can be divided into 

categories including mechanical (hardness and chewiness), geometric (graininess and 
crumbliness) and mouth-feel (oiliness and moistness). Generally, these are professed 
during biting, chewing after swallowing. 
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11.2 Affective testing 
 

These tests are mostly used to establish the consumer acceptability 
or preference for a particular product through liking and disliking. Affective tests are 
employed in the food industry to determine liking and disliking of consumer, 
preference of one product over another and consumers intention to use a product. 
Generally, a fresh product is preferred over foodstuff close to end of shelf life. A rusk 
is expected to lose some of its crispness and slight change in flavor. Consumers are 
generally enquired whether they still consider these rusks acceptable despite 
changes in sensorics attributes during the storage. The most commonly used 
affective methods include paired preferences, ranking for preference and 9-point 
hedonic scale. In paired preference the assessor is enquired to point out sample of 
his preference among the two samples. A judge may choose one of the samples but 
find neither one desirable. This test is quite simple and easy to perform especially 
when the desirability of one sample is known. In ranking for preference, the assessor 
is requested to rank 2 or more samples for being favorite. In hedonic scale, degree of 
liking for a specific product is assessed. The most commonly used hedonic scales are 
7-point hedonic scale and 9-point hedonic scale with expressions stretching from 
dislike extremely to like extremely. By using hedonic scale, the evaluator can 
compare the acceptability of numerous products (Sharif et al., 2017). 
 

 
 

Figures 7 The 9-point Hedonic Scale - Society of Sensory Professionals. 
Source: Sharif et al. (2017) 
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12. Free radical 
 
  A free radical can be defined as any molecular species capable of 
independent existence that contains an unpaired electron in an atomic orbital 
(Halliwell and Gutteridge, 1989). The presence of an unpaired electron results in 
certain common properties that are shared by most radicals. Radicals are weakly 
attracted to a magnetic field and are said to be paramagnetic. Many radicals are 
highly reactive and can either donate an electron to or extract an electron from 
other molecules, therefore behaving as oxidants or reductants. As a result of this high 
reactivity, most radicals have a very short half-life (10−6 seconds or less) in biological 
systems, although some species may survive for much longer (Halliwell and 
Gutteridge, 1989). The most important free radicals in many disease states are oxygen 
derivatives, particularly superoxide and the hydroxyl radical. Radical formation in the 
body occurs by several mechanisms, involving both endogenous and environmental 
factors (Figures 8; Young and Woodside, 2001). 

 

 
 

Figures 8 Major sources of free radicals in the body and the consequences of free 
radical damage. 
Source: Young and Woodside (2001) 
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12.1 Oxidative stress 
 
Free radicals and oxidants give rise to a phenomenon known as 

oxidative stress; this is a harmful process that can negatively affect several cellular 
structures, such as membranes, lipids, proteins, lipoproteins, and deoxyribonucleic 
acid (DNA) (Droge, 2002; Willcox et al., 2004; Pacher et al., 2007; Genestra, 2007; 
Halliwell, 2007; Young and Woodside, 2001). Oxidative stress emerges when an 
imbalance exists between free radical formation and the capability of cells to clear 
them. For instance, an excess of hydroxyl radical and peroxynitrite can cause lipid 
peroxidation, thus damaging cell membranes and lipoproteins. This in turn will lead 
to malondialdehyde (MDA) and conjugated diene compound formation, which are 
known to be cytotoxic as well as mutagenic. Being a radical chain reaction, lipid 
peroxidation spreads very quickly affecting a large amount of lipidic molecules (Frei, 
1997). Proteins may as well be damaged by oxidative stress, undergoing to 
conformational modifications that could determine a loss, or an impairment, of their 
enzymatic activity (Halliwell, 2007; Frei, 1997). 

Oxidative stress is a phenomenon caused by an imbalance between 
production and accumulation of oxygen reactive species (ROS) in cells and tissues 
and normally generated as by-products of oxygen metabolism. Therefore, causing 
the imbalance that leads to cell and tissue damage (oxidative stress) (Pizzino et al., 
2017). Cells deploy an antioxidant defensive system based mainly on enzymatic 
components, such as superoxide dismutase (SOD), catalase (CAT), and glutathione 
peroxidase (GPx), to protect themselves from ROS-induced cellular damage 
(Deponte, 2013). 

A free radical is defined as any species capable of independent 
existence (hence the term ‘free’) that contains one or more unpaired electrons 
(Halliwell and Gutteridge 2007). This broad definition encompasses a wide range of 
species (Tables 1).  
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Tables 1 Some reactive species 
 

Free radicals Non-radicals 
Oxygen reactive species (ROS) Oxygen reactive species (ROS) 
Superoxide, O2

•- Hydrogen peroxide, H2O2 
Hydroxyl, OH• Hypobromous acid, HOBr 
Hydroperoxyl, HO2

• (protonated superoxide) Hypochlorous acid, HOCl 
Carbonate, CO3

•- Ozone, O3 
Peroxyl, RO2

• Singlet oxygen (O2
1∆g) 

Alkoxyl, RO• Organic peroxides, ROOH 
Carbon dioxide radical, CO2

•- Peroxynitrite, ONOO– 
Singlet O2

1∑g+ Peroxynitrate, O2NOO– 
 Peroxynitrous acid, ONOOH 
 Peroxomonocarbonate, HOOCO2

– 
 Nitrosoperoxycarbonate, ONOOCO2

– 

Reactive carbonyl species (RCS) Reactive carbonyl species (RCS) 
Atomic chlorine, Cl• Hypochlorous acid, HOCl 
 Nitryl chloride, NO2Cl 
 Chloramines 
 Chlorine gas (Cl2) 
 Bromine chloride (BrCl) 
 Chlorine dioxide (ClO2) 

Reactive bromine species (RBS) Reactive bromine species (RBS) 
Atomic bromine, Br• Hypobromous acid (HOBr) 
 Bromine gas (Br2) 
 Bromine chloride (BrCl) 

Reactive nitrogen species (RNS) Reactive nitrogen species (RNS) 
Nitric oxide, NO• Nitrous acid, HNO2 
Nitrogen dioxide, NO2

• Nitrosyl cation, NO+ 
Nitrate, NO3

• Nitroxyl anion, NO– 
 Dinitrogen tetroxide, N2O4 
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 Dinitrogen trioxide, N2O3 
 Peroxynitrite, ONOO– 
 Peroxynitrate, O2NOO– 
 Peroxynitrous acid, ONOOH 
 Nitronium cation, NO2

+ 
 Alkyl peroxynitrites, ROONO 
 Alkyl peroxynitrates, RO2ONO 
 Nitryl chloride, NO2Cl 
 Peroxyacetyl nitrate, CH3C(O)OONO2 

 

Source: Halliwell (2006) 
 

13. Antioxidant 
 

Antioxidants are substances that may protect cells from the damage 
caused by unstable molecules known as free radicals (Sies, 1 9 9 7 ). Oxidation is a 
chemical reaction that transfers electrons from one molecule to an oxidizing agent. 
Oxidation reactions are known to produce free radicals. These free radicals are highly 
reactive species which contains one or more unpaired electrons in their outermost 
shell. Once they are formed, the chain reaction starts. Antioxidant reacts with these 
free radicals and terminates this chain reaction by removing free radical 
intermediates and inhibits other oxidation reactions by oxidizing themselves (Pal et 
al. 2014). 

In living cell, two antioxidant defense system are present against free 
radical damage. The first line of defense includes antioxidant enzymes (such as 
superoxide dismutase, catalase, GSH peroxidase), whereas the second defence 
system includes low molecular non-enzymatic antioxidants (thioredoxin, GSH, 
vitamins A, C, E, lycopene, lutein, quercetin etc.). These antioxidants inhibit the 
formation of free radicals (FRs) by breaking the chain reaction or can reduce the 
concentration of FR by donating hydrogen and an electron. They also act as peroxide 
decomposer (vitamin E), enzyme inhibitor, singlet oxygen quencher (vitamin E), 
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synergist and metalchelating agents (tranferritin). To provide maximum intracellular 
protection, antioxidants are strategically compartmentalized throughout the cell. So 
that FR is produced intracellular and extracellular during metabolism, both 
enzymatic and non-enzymatic antioxidants are able to detoxify FRs (Singh et al., 
2014). 

 
13.1 Antioxidant defense systems  
 
Because radicals have the capacity to react in an indiscriminate 

manner leading to damage to almost any cellular component, an extensive range of 
antioxidant defenses, both endogenous and exogenous, are present to protect 
cellular components from free radical induced damage. These can be divided into 
three main groups: antioxidant enzymes, chain breaking antioxidants, and transition 
metal binding proteins (Figure 8; Halliwell and Gutteridge, 1989). 

Antioxidant defenses against free radical attack. Antioxidant enzymes 
catalyze the breakdown of free radical species, usually in the intracellular 
environment. Transition metal binding proteins prevent the interaction of transition 
metals such as iron and copper with hydrogen peroxide and superoxide producing 
highly reactive hydroxyl radicals. Chain breaking antioxidants are powerful electron 
donors and react preferentially with free radicals before important target molecules 
are damaged. In doing so, the antioxidant is oxidized and must be regenerated or 
replaced. By definition, the antioxidant radical is relatively unreactive and unable to 
attack further molecules (Figures 9; Young and Woodside, 2001). 
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Figures 9 Antioxidant defenses against free radical attack. 
Source: Young and Woodside (2001) 

 
14. Immunity 
 

The immune system is the immune system of fish similar to that of 
mammals. It consists of several cell types that function together, such as lymphocyte 
and phagocyte. In normal conditions, these cells are mainly present in tissues, blood, 
lymph, and bone marrow, with the exception of plasma cells (Sakai, 1 9 9 9 ) .  The 
immune system of fish which consists of a non-specific immunity and specific 
immunity. The nonspecific immune system is the first line of defense against the 
invasion of pathogens. It has a quick response to prevent germ invasion. The specific 
immune system develops more slowly than the nonspecific immune system. But has 
a memory system, this gave the fish a quicker response than the initial stimulus 
(Vadstein, 1997). Immunity can be divided into two types according to the nature of 
work: 
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14.1 Cell mediated immunity 
 

The cells involved in the immune system are different types of white 
blood cells. There are five types of fish white blood cells: monocytes, neutrophils, 
basophils, eosinophils, and lymphocytes. These white blood cells are responsible for 
catching foreign substances that enter the body (Pinyowit, 2002 ). The functions of 
each type of white blood cell are as follows: 

1) Monocytes: Monocytes are diameter approximately 9-12 µm. The 
nucleus is oval or horseshoe, placed close to either side of the cell. The chromatin 
in the nucleus is very thin. In the bloodstream, monocytes are approximately 3 -5% 
of all white blood cells. The monocytes are responsible for the removal of antigens 
by phagocytosis. 

2) Neutrophils: In the total number of white blood cells contains 60% 
of the neutrophils. Mature neutrophils are 12 µm in size, with nucleus 2-5 lobe. 
Neutrophils act in phagocytosis, where neutrophils leave the bloodstream into the 
tissues that contain foreign bodies. By inserting between the endothelial cells lining 
the blood vessels. 

3) Basophil: Basophils are diameter approximately 12 µm and the 
nucleus has 2 lopes. In the cytoplasm there are granules larger than that of 
neutrophils and eosinophils. The granules are so numerous that they obscure most 
of the nucleus. The basophils move and catch foreign objects. But the ability to 
capture foreign matter is much inferior to neutrophils and eosinophils. 
  4) Eosinophil: Eosinophils are present in the bloodstream, making up 
about 2-5 percent of all white blood cells. This slightly smaller than neutrophils, 
about 9  µm in diameter and the nucleus has 2  lopes. Eosinophils are phagocytes 
that selectively bind to antigenic complexes. 
  5) Lymphocyte: Lymphocytes in the bloodstream are mostly small 
cells. which has a diameter of 6-8 µm and lymphocytes can move. In the total white 
blood cell count, there is about 20 percent lymphocytes (Sarasombat et al., 1994). 
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14.2 Humoral immunity  
   

1) Complement: Complement is a group of serum proteins that play a 
role in preventing foreign invasion. Serves to help make bacteria and viruses easier to 
be destroyed. It causes lysis of bacterial cells and enveloped virus, as well as is 
precursor to opsonization that will enhance cell phagocytosis. It involves covering 
the foreign body with a piece of complement. These fragments are recognized by 
receptors on the surface of phagocytic cells and are engulfed and destroyed 
(Chitmanat, 2002; Wongsawang, 1995).   

2) Lysozyme: Lysozyme is produced by cells that absorb foreign 
substances and release them into the bloodstream, which will be in the blood. It is 
an enzyme that acts to break the bacterial cell wall until it cannot function. Then it 
will be easier to be caught and eaten (Dalmo et al, 1997; Lim and Webster, 2001).  
  3) Substances that inhibit the growth of microorganisms such as 
transferrin and protein C-reaction (CRP) in the serum. Acts in conjunction with the 
complement to help increase the ability to capture foreign matter (Chitmanat, 2002; 
Wongsawang, 1995). 

4) Cytokine: Cytokine is a group of proteins responsible for signaling to 
stimulate movement, growth, differentiation of white blood cells and other cells 
including inhibiting the functioning of immune cells (Chitmanat, 2002 ; Wongsawang, 
1995). 

 
14.3 Analysis of lysozyme and nitroblue tetrazolium (NBT) 

 
Stimulation of lysozyme is often associated with phagocytosis, or 

ingestion, to destroy germs or foreign matter (Misra et al., 2006; Ai et al., 2007). The 
lysozyme is a cationic enzyme which is a component in peptidoglycan bonds of 
gram-positive cell walls. The lysozyme is specific to the destruction of gram-positive 
bacteria such as Micrococcus lysodiekticus. In addition, lysozyme an important 
component of the nonspecific immune system, plays an important role in the 
removal of foreign cells. Through properties that can destroy cancer cells 
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(anticancer), destroy viruses (antiviral) and opsonin (opsonization properties) (Jolles 
and Jolles, 1984). Nitroblue tetrazolium reduction (NBT reduction assay) is a method 
for measuring respiratory burst of phagocytic cells, namely superoxide anions (O2

•-) .  
It has a specific reaction and decreases the amount of Nitroblue tetrazolium (NBT), 
converting to formazan. 
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CHAPTER 3  
MATERIALS AND METHODS 

 
1. Freshwater fish oil, experiment fish and diets 
 

Freshwater fish oil (FFO) obtained from the adipose tissue of 
freshwater hybrid catfish (Pangasianodon gigas x Pangasianodon hypophthalmus) 
which steamed at 90 °C for 30 min. The liquid oil was filtered with a filtering sack to 
separate the tissue and use of fish oil as supplement in experiment of fish diet. The 
hybrid catfish (Pangasius larnaudii x Pangasianodon hypophthalmus) 1 year old with 
starting average weight of 1.48-1.57 kg obtained from the Excellent center for social 
service, Pla Buk and Buk Siam hybrid catfish. The hybrid catfish were reared in cages 
(4 x 3 x 2 m) on a soil-based pond at density of 15 fish per cage for total of 8 
months.  

Total of 135 hybrid catfish were distributed to 3 replicate cages per 
treatment using completely randomized design (CRD) (Steel and Torrie, 1960; Sattang 
et al., 2018b). Three different levels of FFO were supplemented at: 0% (control), 1% 
and 2% (w/w) in fish diets (Tables 2). Fish were fed at 3% of their body weight for 
two times per day (09:00 a.m. and 04:00 p.m.) with pelleted feed formulated 
containing 30% protein, as normal standard (Rattanaphot et al., 2018a). Average body 
weight was calculated monthly based on representative samples from each 
replicate. Use of fish in the experiment was reviewed and approved by the Maejo 
University Animal Care and committee. Samples collection and result analysis were 
divided in two group periods, first during the spawning season (May-August 2017) and 
second post-spawning season (September-December 2017).  

The proximate analysis of the experimental diets included moisture, 
ash, protein, crude fiber, fat and carbohydrate contents were determined by 
standard AOAC methods (AOAC, 2000). Fatty acid composition of fish feed was 
analyzed at the Central Laboratory (Thailand) Co. Ltd., Chiang Mai Branch, following 
the method based on AOAC 996.06 (AOAC, 2012). 
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Tables 2 Formulas of pellet fish feed containing freshwater fish oil (FFO) at different 
level of 0% (control), 1% and 2%. 
 

Ingredients  
(per 100 g of feed) 

Formulas 
0% FFO1 1% FFO 2% FFO 

   Fish meal 15 15 15 
   Soybean meal 37 37 37 
   Broken rice 32 27 26 
   Rice bran 15 20 20 
   Soybean oil 1 0 0 
   Freshwater fish oil  0 1 2 
   Total (kg) 100 100 100 
   Energy (kcal/g) 416.80 421.20 430.40 

   Protein (%) 30.65 30.70 30.57 

   Cost (baht/kg) 25.80 25.42 25.33 
 

Note. 1The ingredients of the control diet (0% FFO) unit is adapted from Rattanaphot et al. 
(2018a). 

 
2. Growth performance parameters 
 

Growth performance parameters such as the weight gain (WG), average 
daily weight gain (ADG), feed conversion ratio (FCR), feed conversion efficiency (FCE), 
and survival rate (SR) were randomly calculated at 1 month intervals using measured 
body weight from 5 fish each cage. Parameters were calculated using following 
formulas (Bagenal, 1978; Panase and Tipdacho, 2018): 

WG (g/fish) = final weight (g) - initial weight (g) 
ADG (g/fish/day) = [final weight (g) - initial weight (g)] / Days 
FCR = total feed fed (g) / weight gain (g) 
FCE (%) = [weight gain (g) x 100] / Days  
SR (%) = [number of surviving fish / initial number of surviving fish] x 100 
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3. Indicators of reproductive condition 
   
  To determine reproductive capacity and effects of dietary 
supplements on hybrid catfish, samples were collected for analysis of sex steroid 
hormones, gonadosomatic index calculation, and histological evaluation of gonadal 
tissue in August (spawning season) and in December (post-spawning season). Plasma 
steroid hormone concentrations were determined as per Sutthi et al. (2014) with 
minor modifications. Whole blood samples (1 ml) were collected from caudal vein of 
3 females and 3 males per treatment and centrifuged using centrifuge (MIKRO 200R, 
Hettich, Germany) at 9,500xg for 5 min and the serum was stored at -80 °C until use. 
17 β-estradiol (E2) and testosterone (T) were measured with commercially available 
enzyme-linked immunosorbent assay (ELISA) kits from Cayman Chemical Company 
by an electro-chemiluminescence immunoassay analyzer (Elecsys 2010, Roche, 
Germany). For determination of gonadosomatic index, total of 3 male and 3 female 
fish per treatment were sampled, total body weight and gonad weight of each fish 
were measured with a digital scale (HT-500, AND, Japan). Gonadosomatic index for 
ovaries and testis was calculated with following formula (Nikolsky, 1963; Sutthi et al., 
2014; Al-Deghayem et al., 2017):  
 
Gonadosomatic index (% GSI) = weight of gonad (g) x 100 / body weight (g)  
 

For determination of the maturation stages of gonads (Arfah et al., 
2018; Kabir et al., 2012), ovaries and testes were removed from 3 females and 3 
males per treatment and fixed in 10% neutrally buffered formalin and stored at -18 
°C until use. Fixed ovaries and testes were processed for sectioning and 4 µm thick 
sections were stained with haematoxylin and eosin. The histological evaluation and 
staging of oocytes and spermatocytes were determined under light microscope 
(model SFC-282, brand Motic, Thailand) as per (Coward and Bromage, 1998). 
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4. Fish fillet qualities 
 

Fish was catch when they attained marketable size (weight 1.5-2 
kg/fish) by dividing into 2 periods: in August (spawning season) and in December 
(post-spawning season). Fish was not fed for 24 hours prior catching. As commonly 
practice, fish was collected in ice box containg ice until death and recorded fresh 
weight before being used slaughtering. Afterwards were deheading, cutting off of tails 
fins and removing viscera. The fish fillet sample was stored in vacuum-packaged form 
at -20 °C for analysis. 

4 . 1  The color measurement of fillet samples were analyzed using 
Chroma Meter CR-400 (KONICA MINOLTA, Japan). The meat color was determined 
using CIE lab system including L* a* and b*.  L* is the lightness (0 for black and 100 
for white), a* is in the redness ( -100 for green and 100 for red)  and b* is in the 
yellowness (-100 for blue and +100 for yellow) (Noordin et al., 2019). 

4 . 2 The proximate composition of fillet samples were analyzed 
protein, fat, ash, moisture and fiber contents by using the standard of AOAC methods 
(AOAC, 2000).  

4.3 The fatty acid composition of fillet samples were analyzed at the 
Central Laboratory (Thailand) Co. Ltd., Chiang Mai Branch, following method of TE-
CH-208 based on AOAC 996.06 (AOAC, 2012). 

4.4  The vitamin E content of fillet samples were also analyzed using 
the method of Khon Kaen AGR. J. 42 SUPPL.1: 2014 in Chiang Mai, Central Laboratory 
(Thailand) Co. Ltd. 

4.5 The carcass quality was analyzed by cutting off of head, tails and fins 
and removing viscera followed. Fillets, grated meat, skeleton, visceral, ventral meat, chin 
meat and gonad were weighed and their proportion of carcass weight was calculated 
using following formulas (Hasan et al., 2019): 

 
Carcass quality = (carcass weight / whole body weight) x 100. 
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5. Immunity 
 

5.1 Antioxidant  
 

5.1.1 Preparation of plasma and erythrocyte samples  
 
Plasma and erythrocyte samples from fish blood were prepared and 

measure the amount of antioxidants, including total glutathione, oxidized glutathione 
and reduced glutathione and measured malondialdehyde (MDA) levels, indicating 
oxidative stress. 
  1. Microcentrifuge tube preparations contained anticoagulants such as 
EDTA. 

2. Fish blood (caudal vein) was collected 500-1,000 µ l  using an 
anticoagulants in the microcentrifuge tube (return the microcentrifuge tube up-down 
to mix with the blood). 

3. Blood was centrifuged at 1,300xg for 10 minutes at 4 °C. 
4. Pipette off the top yellow plasma layer (supernatant) was stored at 

-80 ° C before analysis of MDA. 
5. White buffy layer (leukocyte) was removed as discard. 
6. Erythrocytes (red blood cells) were pipette into a new microcentrifuge 

tube size 1.5 ml (Lot No. 1290428, brand Hycon, Thailand) and added water (HPLC 
grade) at a ratio of 1: 5 (200: 800 µl) and vortexed for 10-15 second. 

7. The samples were centrifuged at 1,300xg for 10 minutes at 4 °C. 
8. 2 0 0  µ l  of supernatant in the top section was collected for 

deproteinated: 
8.1 MPA reagent: dissolve metaphosphoric acid (Sigma-Aldrich 

239275 or VWR Catalog No. AA33267-22) amount 5  g in 50  ml distilled water (MPA 
solution is stable at 25 ° C for 4 hours). 

8.2 MPA reagent was added into the sample 1 volume (200 µl : 
200 µl) and mix by vortex. 
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8.3 Incubation 5 minutes at room temperature and centrifuged 
at 3,500xg for 4 minutes. 

8.4 Erythrocytes lysate was kept at -20 °C for analysis of 
Glutathione. 
 

5.1.2 Malondialdehyde (MDA) 
 
Malondialdehyde level (MDA) was measured of malondialdehyde in 

blood to find out the antioxidant activity from lipid peroxidation reaction. The blood 
was centrifuged for separation of the solution, the supernatant and the plasma were 
taken to measure the absorbance at the wavelength of 5 4 0  nm using 
spectrophotometer (model Multiskan GO, brand Thermo fisher, USA) by method 
using TBARS Assay Kit Item No. 10009055 (Cayman Chemical Company, Ann Abor, 
Michigan, USA) and measured the concentration from the standard curve and then 
the values obtained were compared with the protein content obtained by Bradford 
assay (Rattanaphot et al., 2018a). 

 
5.1.2.1 Colorimetric standard preparation 
 
150 µl of the MDA standard (Item No. 10009202) was diluted with 375 

µl of water to obtain a stock solution of 125 µM. Taking eight clean glass test tubes 
and label them A-H. Add the amount of 125 µM MDA stock solution and water to 
each tube as descried in Tables 3. 
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Tables 3 MDA colorimetric standards. 
 

Tubes MDA (µl) Water (µl) MDA Concentration (µM) 
A 0 125 0 
B 2.5 497.5 0.625 
C 2.5 247.5 1.25 
D 2.5 122.5 2.5 
E 5 120 5 
F 10 115 10 
G 25 100 25 
H 50 75 50 

 
5.1.2.2 Performing the assay 
 
1. Label vial caps with standard number or sample identification 

number. 
2. 12.5 µl of sample or standard was added to appropriately labeled 5 

ml vial. 
3. 12.5 µl of SDS solution was added to vial and swirl to mix. 
4. 500 µl of the color reagent forcefully down side of each vial. 
5. Cap vials and place vials in foam or some other holder to keep the 

tubes upright during boiling. 
6. Vials to vigorously boiling water was added and boil vials for one 

hour. 
7. After one hour vials, immediately removed, place in ice bath for 

stop reaction and incubated on ice for 10 minutes. 
8. After 10 minutes, the vials were centrifuged for 10 minutes at 1,600 

x g at 4 ºC. Vials may appear clear or cloudy. Cloudiness was clear upon warming to 
room temperature. 

9. Vials are stable at room temperature for 30 minutes. 
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10. 150 µl (in duplicate) was load from each vial to either the clear 
plate (colorimetric version) or to the black plate (fluorometric version). 

11. The absorbance was read at 540 nm using spectrophotometer. 
 
5.1.2.3 Colorimetric calculations 
 
1. The average absorbance was calculated of each standard and 

sample. 
2. The absorbance value of the standard A (0 µM) was subtracted 

from itself and all other values (both standards and samples). This is the corrected 
absorbance. 

3. The corrected absorbance values (from step 2 above) was ploted of 
each standard as a function of MDA concentration (see Tables 5). 

4. The values of MDA for each sample was calculated from the 
standard curve.  

MDA (µM) = [(corrected absorbance) - (y-intercept) / slope] 
 
5.1.3 Glutathione 
 
The measurement of glutathione in blood, erythrocyte of red blood 

cells was precipitated protein and supernatant was used to measure total 
glutathione, oxidized glutathione and reduced glutathione by method using 
Glutathione Assay Kit Item No. 703002 (Cayman Chemical Company, Ann Abor, 
Michigan, USA). By using spectrophotometer with microplate reader (model Multiskan 
GO, brand Thermo fisher, USA) with the absorbance at the wavelength of 405-414 
nm using a plate reader at five minutes intervals for 30 minutes, to compare the 
concentration from the standard curve. 
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5.1.3.1 TEAM Reagent 
 
1. 4 M solution of triethanolamine (Sigma-Aldrich, Item No. T58300) in 

water by mixing 531 µl of triethanolamine with 469 µl of water was prepared. The 
TEAM solution is stable for four hours at 25 °C. 

2. 50 µl of TEAM Reagent per ml of the supernatant was added and 
vortex immediately. TEAM Reagent was adjusted the pH of the sample. The sample 
was ready for assay of total GSH (i.e., both oxidized and reduced). Any necessary 
dilutions of the sample was prepared done at this stage with MES Buffer.  

 
By 1,000 µl (1 ml, sample) uses 50 µl 
If 100 µl (sample)  uses 100 µl x 50 µl 
          1,000 µl 

Therefore, TEAM Reagent 5 µl (GSH) was added to the sample.   
 
5.1.3.2 Sample preparation for exclusive measurement of GSSG 
 
Quantification of GSSG, exclusive of GSH, is accomplished by first 

derivatizing GSH with 2-vinylpyridine. This can be achieved as follows: 
1. 1 M solution of 2-vinylpyridine (Sigma-Aldrich, Item No. 13229-2) in 

ethanol was prepared by mixing 108 µl of 2-vinylpyridine and 892 µl of ethanol (total 
1,000 µl or 1 ml). 

2. 10 µl of the 2-vinylpyridine solution per ml of sample was added 
and mixed on a vortex mixer (model VTX-3000L, brand LMS, Japan) and incubate at 
room temperature for about 60 minutes and assay the sample. * This procedure can 
derivatize up to 1 mM GSH. More concentrated samples were diluted with MES 
buffer before derivatization. 

By sample 1,000 µl uses 2-vinylpyridine 10 µl 
  If sample 50 µl uses 2-vinylpyridine 50 µl x 10 µl 

          1,000 µl 
       = 0.5 µl 
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Therefore, if a 100 µl sample is to be prepared, 2-vinylpyridine 1 µl is required.       
*2-Vinylpyridine inhibits color development in the assay to some extent. Hence, it is 
essential to prepare the standards also the same way by adding 2-vinylpyridine (i.e., 
add 5 µl of 2-vinylpyridine solution per Standard tube) and incubating to the same 
length of time as the sample. 
  3. TEAM 

By sample 50 µl uses TEAM 2.5 µl   
If sample 100 µl uses TEAM 10 µl x 2.5 µl 
            50 µl 
      = 5 µl (Oxidize GSSG) 
 
5.1.3.3 Standard preparation 
 
Eight clean test tube and mark them A-H. Aliquot the GSSG Standard 

(Item No. 703014) and MES Buffer to each tube as described in Tables 4.  
 

Tables 4 Glutathione standards 
 

Tubes GSSG Standard 
(µl) 

MES 
Buffer (µl) 

Final Concentration 
(µM GSSG) 

Equivalent 
Total GSH (µM)  

A 0 250 0 0 
B 2.5 247.5 0.25 0.5 
C 5 245 0.5 1.0 
D 10 240 1.0 2.0 
E 20 230 2.0 4.0 
F 40 210 4.0 8.0 
G 60 190 6.0 12.0 
H 80 170 8.0 106 

 

*Under the assay condition GSSG is reduced to produce 2 mole equivalents of GSH. 
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5.1.3.4 Performing the Assay 
 
1. 12.5 µl of standard (tubes A-H) per well was added in the 

designated wall on the plate. 
2. 12.5 µl of sample was added to each of the sample wells. 
3. The plate with the plate cover provided. 
4. The Assay Cocktail was prepared by mixing the following reagent in 

a 20 ml vial: MES buffer (11.25 ml), reconstituted cofactor mixture (0.45 ml), 
reconstituted enzyme mixture (2.1 ml), water (2.3 ml), and reconstituted DTNB (0.45 
ml). 

 
Tables 5 Prepare the Assay Cocktail 

 

 Cocktail (ml) Cocktail for performing the assay (ml) 
MES buffer 11.25 2.04 
cofactor mixture 0.45 0.08 
enzyme mixture 2.10 0.38 
water 2.30 0.42 
DTNB 0.45 0.08 

Total 16.55 3.00 

 
5. The plate cover was removed and added 87.5 µl of the freshly 

prepared of assay cocktail to each of the well containing standards and samples 
using a multichannel pipette. The plate cover was replaced and incubated the plate 
in the dark on an orbital shaker. 

6. The absorbance was measured in the wells at 405-414 nm using a 
microplate reader (model Multiskan GO, brand Thermo fisher, USA) at five minutes 
intervals for 30 minutes.  
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5.1.3.5 Calculations 
 
GSH concentration of the sample was determined either by the 

Kinetic Method. 
1. The average absorbance values was plotted as of each standard 

and sample as a function of time and determine the slope for each curve. This is 
called   i-slope. 

2. Plot the i-slope of each standard as a function of the concentration 
of GSSG or total GSH. The slope of this curve is called f-slope.  

3. The values of GSSG or total GSH was calculated for each sample 
from their respective slopes using the slope versus GSSG or GSH standard curve. 

 
Total GSH or GSSG = [ (i-slope for the sample) – (Y-intercept) ] x 2* x Sample Dilution 

   f-Slope 
 
5.2 Non-specific Immunity 
 
5.2.1 Lysozyme activity assay 
 
Lysozyme activity assay was measured the activity level of lysozyme 

in blood for the degradation (lysis) of Micrococcus lysodiekticus gram-positive 
bacterial cells by adapted from the method of Parry et al., (1965). 

 
5.2.1.1 Sample preparation of serum 
 
Fish blood samples were collected in each of the 3 fish/treatment in 

the area of the caudal veins volume 1  ml and placed in a 1 .5  ml microcentrifuge 
tube. The sample was kept at room temperature for 2 0 - 3 0  minutes for the 
separation of serum. The top yellow serum layer without disturbing the white buffy 
layer was pipetted and stored serum at -20 °C for wait lysozyme activity assay. 
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5.2.1.2 Performing the assay 
 
1. Serum 25 µ l  into 96 well plat 3 replicates/sample (27 well) was 

pipetted. 
2. Micrococcus lysodeikticus 100 µl (concentration 3 mg/ml). 

- need to prepare 5,000 µl was added 
 

By 1,000 µl uses Micrococcus lysodeikticus 3 mg 
  If 5,000 µl uses 5000 µl x 3 mg = 15 mg 
            1,000 µl 

Therefore, Micrococcus lysodeikticus = 15  mg dissolved in PBS (pH 8 
concentration 0.05 M) 5 ml. Bank uses PBS pH 8 with a concentration of 0.05 M.  

3. The mixed was measured the lysozyme activity with a Microplate 
reader (model Multiskan GO, brand Thermo fisher, USA) at wavelength of 450 nm, 
measured every 1 second (for 10 minutes). 

 
  5.2.2 Nitroblue tetrazolium dye reduction test (NBT) 
 

Nitroblue tetrazolium dye reduction test (NBT) is a test for the ability 
of phagocyte cells. The principle is that when a phagocyte undergoes phagocytosis, a 
respiratory burst occurs, with increased metabolic activity and hydrogen peroxide 
(H2O2) and superoxide free radical (O2

•-) production. This is reducing agents to reduce 
NBT dye which is a type of color changing from yellow to formazan which has blue 
according to the method of Secombes (1990). 

 
5.2.2.1 Sample preparation of lymphocyte 
 
1. Fish blood (caudal vein) 3.5 µl was collected using a heparin tube 

and store blood on ice.   
2. RPMI-1640 into heparin tube 1 ml was added. 
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3. RPMI-1640 1 ml and blood 0.35 ml was carefully pour into HiSepTM 

LSM 1077 or phecol 1 ml. 
4. The mixture was centrifuged using centrifuge (KUBOTA 5100, Japan) 

at 4,000 rpm for 30 minutes. 
5. The leukocytes 1 ml was removed by PBS 1 ml. 
6 .  The reaction was centrifuged at 1,500 rpm for 10 minutes 

(Leukocytes stick to the bottom of the tube). 
7. Pipette off the top is discarded 1,000 µl and taken to mix well on a 

vortex mixer. 
8. Cells under a microscope (model SFC-282, brand Motic, Thailand) 

was count with the Hemocytometer (Neubauer, Marienfeld, Germany). To get more 
than 50 cells / large channel. 

 
5.2.2.2 Performing the assay 

 
  1. Leukocytes 175 µl (in duplicate) was load into 96 well plat. 
  2. RPMI-1640 87 µl + add HiSepTM LSM 1077 87 µl of Bank add Nitro 
Blue tetrazolium (NBT, Sigma) 25 µl into samples and bank incubate for 2 hours at 25 °C.
  3. Pipette supernatant is removed from the well plat 180 µl drained of 
the sample. 
  4. 100% methanol 125 µl was added, leave for 5 minutes and pipette out 
125 µl.    

5. 70% methanol 125 µl was added, leave for 5  minute and pipette 
out 125 µl (methanol is used to wash cells). 
  6. 2KOH 125 µl and DMSO 150 µl were added. 
  7. 275 µl to new 96 well plat.  
  8. Nitroblue tetrazolium dye reduction test (NBT) by the Microplate 
reader (model Multiskan GO, brand Thermo fisher, USA) at wavelength of 655 nm. 
Note: Bank = RPMI + HiSep %2 from 175 µl (87.5) 
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6. Sensory evaluation 
 
  Sensory characteristic was evaluated of frozen fish fillets and Sai Aua 
(Notrhern Thai spicy sausage) from hybrid catfish (Pangasius larnaudii x P. 
hypophthalmus). Weight 1.5-2 kg/fish reared with fish diet mixed with freshwater fish 
oil at different levels of 0, 1 and 2% of were investigated. fish oil supplementation in 
diet were 0, 1 and 2%. The fillets and Sai Aua were boiled and steam before 
evaluation. The panelist of 30 person was used for sensory evaluation (Kulawik et al., 
2016), which were students of Doi Saket Wittayakhom School, Chiang Mai, students, 
staffs of Faculty of Fisheries Technology and Aquatic Resources and consumers at 
2477 market Maejo University, Thailand. The sensory evaluation consisted of seven 
sensory parameters (color, odor, sweet, spicy, salty, texture and overall acceptability) 
of both was assessed using a 9-point hedonic scale (Peryam, 1998; Olaniyi et al., 
2017) following liking score, score 9 was the highest and 1 was the lowest: 
 

9 = Like Extremely 
8 = Like Very Much 
7 = Like Moderately 
6 = Like Slightly 
5 = Neither Like nor Dislike 
4 = Dislike Slightly 
3 = Dislike Moderately 
2 = Dislike Very Much 
1 = Dislike Extremely 
 

  6.1 Preparation of frozen fish fillets 
 
  1) 3  groups of frozen fish fillets were used in sensory evaluation, 
thawed and cut into uniform transverse strip of 1 cm width. 
  2) The ingredients as shown in Tables 6. 
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3) Water was boil at 100  °C, then add the prepared ingredients, boil 
for 5 minutes, and scoop the fillets up into a sieve to drain the water. 
  4) Afterward, the sample was distributed to the panelists together with 
water.   
 
Tables 6 Ingredients used for poached frozen fish fillets. 
 

Ingredients Amount (g) 
Frozen fish fillets  200 

Kaffir lime leaf  2  

Lemon grass  10 
Galanga  5 

  
6.2 Preparation of Sai Aua (Northern Thai spicy sausage) 

 
1) 3 groups of frozen fish fillets were used in sensory evaluation, 

thawed and finely minced (no fish skin). Preparation of the ingredients as shown in 
Tables 7. 

2) All ingredients was pound or finely blended ingredients to make 
curry paste, such as garlic, coriander root, shallot, lemon grass, turmeric, galangal, 
dried chili and shrimp paste.  

3) The finely minced fish fillets, curry paste, light soy sauce, sugar, salt 
and Sliced Kaffir lime leaf were mixed until homogeneous. 

4) Afterward, the fish fillet has been mixed with the curry paste to be 
packed in pork intestines and stored in a freezer of -20 °C for further sensory 
evaluation. 
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Tables 7 Ingredients used in the production of Sai Aua (Northern Thai spicy sausage). 
 

Ingredients: Amount (g/kg) 

Finely minced fish fillets  1,000 

Salted Pork Intestines 4 
Seasoning:   

Light soy sauce 30  

Salt 10  
Sugar 16  

Curry paste:  
Shrimp paste 30  

Sliced Kaffir lime leaf  10  

Coriander root 30  
Shallot 60  

Garlic 40  

Lemon grass  60  
Turmeric 16  

Galanga  16  
Dried chili 16  

 
7. The fish diet cost 
 
  The fish diet cost was analyzed from the market raw material price 
multiplied by the amount of raw materials were used in the production of fish diet 
supplemented with 3 levels of freshwater fish oil (0, 1 and 2%). The fish feed cost to 
produce a kilogram of fish was determined from the feed conversion ratio (FCR). Data 
were analyzed by taking the fish diet cost (baht/kg) multiplied by the FCR value of 
each experiment. 
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8. Statistical analysis 
 

Collected data were analyzed with statistical software (SPSS, version 
17.0) using one-way analysis of variance (ANOVA) and are presented as mean ± 
standard error (SE). Tukey honest significant difference (HSD) post hoc test was 
applied when statistical differences were observed (p<0.05). 
 
9. Research duration 
 

Activity 
Duration (months) 

1-6 7-12 13-18 19-24 25-30 31-36 

Prepare cage, fish and fish diets 
ingredients for experiment 

      

Developed fish diets recipes from 
freshwater fish oil 

      

Raise fish in cages for 8 months       

Collecting samples of fish growth, 
reproductive, meat quality and 
immunity  

      

Analyze experiment results       

Developed Sai Aua (Northern Thai 
Spicy Sausage) products from 
experimental fish 

      

Sensory evaluation on fish fillet 
and Sai Aua 

      

Summary / Manuscript / Writing 
Complete dissertation 
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10. Research location 
 

  Excellent center for social service, Pla Buk and Buk Siam hybrid 
catfish, Faculty of fisheries technology and aquatic resources, Maejo University. 
 

11. Summary of the conceptual framework of the research 
 
 
 
 
 
 
 
  

VALUED OF MEAT QUALITIES AND MATURATION OF HYBRID CATFISH FOR FOOD INDUSTRY 

Hybrid catfish (Pangasius larnaudii x Pangasianodon hypophthalmus) 

Raise fish in cages for 8 months 

0% FFO (Control) 1% FFO 2% FFO 

        Size fish 1.48 – 1.57 kg 

Season 

Spawning season Post-spawning season 

Reproductive performance 

Sex hormone 

1. Testosterone      

2. 17β-estradiol 

 

Reproductive 

1. %GSI                       
2. Histology of gonad 
3. %Oocyte  
 

Growth performance 

1. Weight gain                   

2. Length gain                     

3. ADG                  

4. FCR                           

5. FCE                      

6. Survival rate 

Immunity  

Fish blood 

1. glutathione          
- Total glutathione                   
2. Malondialdehyde 
(MDA)                 
 

Antioxidant Non-specific Immunity 

1. Lysozyme 
2. NBT                     
 

Fish marketable size 

Meat quality 

1. Proximate 
composition  
2. Fatty acid profile                
3. Fish fillet color       
4. Carcass quality 
5. Vitamin E                 
6. Sensory 
evaluation 
 

Fish fillet Northern Thai Spicy Sausage 

Sensory evaluation 
 

1. Color  5. Fish smell 
2. Salty  6. Texture 
3. Spicy  7. Overall teste         
4. Sweetness          
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CHAPTER 4  
RESULTS AND DISCUSSION 

 
1. Proximate analysis, and fatty acid composition in diets 
 

 Ingredient and proximate analysis of diets supplemented with 
freshwater fish oil is presented in Tables 8 . There were no significant differences in 
the feed ingredient composition. Proximate analysis results show similar contents in 
all three diets, with minor differences in crude protein and fat contents. Fatty acid 
composition of the experimental diets is presented in Tables 9  where unsaturated 
and omega-9 fatty acids were found to be higher in the treatment diet containing 2% 
FFO compared to control (4.44 g/100 g and 2.34 g/100 g, respectively, p>0.05). In 
order to minimize lipid hydrolysis and oxidation, prepared feed was stored in a well-
ventilated place under adequate conditions for less than 3 months, and quality raw 
materials were used to keep the nutritional value in the fish diet (Van’t Land et al., 
2017). 
 
Tables 8 Proximate analysis of the experimental diets containing 0, 1, and 2% 
freshwater fish oil (FFO). 
 

Proximate compositions  
(% air dry basis) 

Formulas 

0% FFO 1% FFO 2% FFO 

Moisture  8.97 8.94 9.45 
Ash 6.99 7.14 6.70 
Protein 32.53 33.37 31.59 
Fiber 8.13 8.74 8.73 
Fat 4.48 5.54 6.40 
NFE 37.36 35.99 37.01 
Energy (Kcal/g) 416.80 421.20 430.40 

 

Note. Nitrogen-free extract (NFE) = 100% - (% protein + % fat + % ash + % fiber). 
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Fatty acid (FA) composition of the experimental diets showed that 
total saturated and unsaturated fatty acids specially especially omega-9 fatty acids 
were higher in diet containing 2% FFO compared to control (Tables 9 ). Fatty acid 
composition in fish oil extracted from freshwater hybrid catfish contains high 
amounts of unsaturated fatty acids (81.17 g/100 g), including Omega 9 fatty acids 
(42.28 g/100 g). Therefore, fish oil from hybrid catfish is suitable for a dietary 
supplement to increase fatty acid contents in the complete diets (Sattang et al., 
2018a). Unsaturated fatty acids from fish oil, cod liver oil and/or squid liver oil 
contain essential fatty acids (EFA) which serve as precursors for prostaglandins 
synthesis (Saini and Keum, 2018). Prostaglandins are involved in different regulatory 
pathways including contractions of smooth muscles in the uterus, ovulation, 
hormone secretion, and regulation of blood pressure (Takahashi et al., 2018).  

Deficiency of essential fatty acids in fish diets can cause slow growth, 
tail fin deformities, liver fat metabolism (fatty livers), excessive fat deposits in 
coelomic cavity, pale skin, swollen belly, and in severe cases hemolytic anemia and 
subsequent breathing problems (Usawakesmanee, 2006). Therefore, diets with 
optimal content of essential fatty acids are critical for achieving economical and 
sustainable production and reproduction in aquaculture. 

 
Tables 9 Fatty acid composition of the experimental diets containing 0, 1, and 2% 
freshwater fish oil (FFO, dry weight). 
 

Fatty acid composition  
(g per 100 g of feed) 

0% FFO 1% FFO 2% FFO 

Lauric acid (C12:0) 0.0085 0.0120 0.0714 
Tridecanoic acid (C13:0) - 0.0011 0.0021 
Myristic acid (C14:0) 0.0804 0.1259 0.2170 
Pentadecanoic acid (C15:0) 0.0142 0.0152 0.0176 
Palmitic acid (C16:0) 1.1649 1.4439 1.8999 
Heptadecanoic acid (C17:0) 0.0254 0.0260 0.0286 
Stearic acid (C18:0) 0.2646 0.2980 0.4076 
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Arachidonic acid (C20:0) 0.0338 0.0354 0.0366 
Heneicosanoic acid (C21:0) 0.0031 0.0031 0.0036 
Behenic acid (C22:0) 0.0241 0.0227 0.0219 
Tricosanoic (C23:0) 0.0038 0.0039 0.0043 
Lignoceric acid (C24:0) 0.0234 0.0575 0.0352 
Saturated fatty acid (SFA) 1.6462 2.0447 2.7458 
Myristoleic acid (C14:1) 0.0024 0.0028 0.0033 
cis-10-Pentadecenoic acid (C15:1n10) - - - 
Palmitoleic acid (C16:1n7) 0.0788 0.0884 0.1001 
cis-10-Heptadecenoic acid (C17:1n10) - - - 
Trans-9-Eladic acid (C18:1n9t) - - - 
cis-9-Oleic acid (C18:1n9c) 1.6166 1.8290 2.3314 
cis-Vaccenic acid (C18:1n7) 0.0729 0.0722 0.0715 
cis-11-Eicosenoic acid (C20:1n11) 0.0261 0.0290 0.0480 
Erucic acid (C22:1n9) 0.0031 0.0035 0.0052 
Lignoceric acid (C24:1) 0.0060 0.0061 0.0068 
Monounsaturated fatty acid (MUFA) 1.8059 2.031 2.5663 
cis-9,12-Linoleic acid (C18:2n6, LOA) 1.6172 1.3640 1.5132 
gamma-Linolenic acid (C18:3n6) 0.0030 0.0066 0.0070 

-Linolenic acid (C18:3n3) 0.1201 0.0877 0.0958 

Moroctic acid (C18:4n3) 0.0069 0.0073 0.0070 
cis-11,14-Eicosadienoic acid (C20:2n6) 0.0059 0.0097 0.0162 
cis-8,11,14-Eicosatrienoic acid (C20:3n6) 0.0034 0.0077 0.0125 
cis-11,14,17-Ecosatrienoic acid (C20:3n3) 0.0017 0.0020 0.0027 
Arachidonic acid (C20:4n6, ARA) 0.0321 0.0379 0.0337 
Ecosatetraenoic acid (C20:4n3) 0.0041 0.0044 0.0052 
cis-13,16-Docosadienoic acid (C22:2) - - - 
cis-7,10,13,16-Docosstetraenoic acid (C22:4n6) 0.0088 0.0109 0.0097 
Docosapentaenoic acid (C22:5n6) 0.0155 0.0185 0.0162 
cis-5,8,11,14,17-Eicosapentaenoic acid (C20:5n3, EPA) 0.0455 0.0449 0.0408 
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4,7,10,13,16,19-Docosahexaenoic acid (C22:6n3, DHA) 0.1340 0.1343 0.1166 
Polyunsaturated fatty acid (PUFA) 1.9982 1.7359 1.8766 
Unsaturated fatty acid (UFA) 3.8041 3.7669 4.4429 
n-3 fatty acid 0.3123 0.2806 0.2681 
n-6 fatty acid 1.6800 1.4456 1.5923 
n-9 fatty acid 1.6197 1.8325 2.3366 
Unidentified peak 0.2797 0.2691 0.3342 
Total 5.4503 5.8116 7.1887 

 
2. Growth performance parameters  
 

During spawning season in August, WG and ADG of caged catfish fed 
with 1% FFO supplemented diet were significantly increased compared to control 
(354.90 g and 2.96 g/fish/day, respectively, p<0.05), in contrast to post-spawning 
season (December), no significant difference was observed (Figures 11 ). Survival rate 
during spawning and post-spawning season of hybrid catfish in all treatment groups 
were 100%. 

The growth performances (WG and ADG) of hybrid catfish during 
spawning season (August) fed with 1% FFO supplemented diet were significantly 
increased (p<0.05, Figures 11). This is in accordance with previous work of 
Rattanaphot et al. (2018b) who reported significant increase in growth of hybrid 
catfish (P. gigas x P. hypophthalmus) fed with freshwater fish oil supplements 
containing high amount of omega 9 fatty acids (four times higher than marine fish 
diet). Similar increase in growth of P. hypophthalmus broodstock fed with 
supplemented essential fish oils was observed prior to the first spawning season 
(Kabir et al., 2012; Arfah et al., 2018). Weight gain and average daily gain of F2 hybrid 
catfish (P. gigas x P. hypophthalmus) broodstock was reported higher from June to 
October, compared to January-June (Sutthi et al., 2014). Similarly, Nile tilapia fed 
with 1 and 1.5% freshwater fish oil supplemented diets and raised in cages for 4 
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months were significantly increased in WG and ADG while feed conversion rate (FCR) 
was decreased (Rattanapot et al., 2018a).  

In another hand, previous studies of reproductive in female C57BL/6 
mice found that on a diet supplemented with high fat (45%) reduced number of 
pups, gestation duration and lead to early labor. Omega-9 fatty acids shifted sex of 
offspring to females (59.5-60.8%) (Mousavi et al., 2016). Sink et al. (2010) reported 
decreased spawning success in catfish fed with plant protein substitute fortified with 
10% fish oil mixture. Similarly, Somboon and Semachai (2014) found that growth of 
Basa catfish (Pangasius bocourti Sauvage, 1880) was decreased when fed diet with 
total lipid content of 12%. Reported discrepancies suggest a possibility that increased 
FFO levels could interfere with energy balances in fish diets. Such rationale is 
supported by recent finding that dietary energy content of more than 428.5 kcal/100 
g resulted in decreased weight gain and SGR of P. hypophthalmus (Ranjan et al., 
2018). This was also observed in present study where 1% of FFO supplement 
showed the best growth performance in catfish (Figures 11). Phillips (1972) found that 
increase in weight gain and growth rate was possible only up to a certain dietary 
energy level and was followed by a decrease as result of increased efforts to 
metabolize and store high-energy nutrients. 

The prost-spawning season, the supplementation with 1 %  and 2 % 
FFO did not increase fish growth. One possible explanation is that differences in 

water temperature (20-25 ◦C in post-spawning; 25-30 ◦C in spawning season) could 
exercise a strong influence on the hybrid catfish biology, including changes in energy 
metabolism of fatty acids in different spawning phases (Sink and Lochmann, 2008). 
Water temperature is a major factor that directly affects feed intake, metabolic rates 
and energy consumption of catfish (Koeypudsa and Jongjareanjai, 2011 ) , and has a 
direct effect on the growth of fish (Smith, 1989 ). However, even though significant 
mobilisation of fatty acids was observed in seabream liver and muscle during pre-
spawning period, the fatty acid content remained constant in the gonads (Komilus et 
al., 2 0 0 8 ). Thus, it is possible that dietary supplementation with FFO may rescue 
growth parameters during pre-spawning and spawning season via better availability of 



 

 

64 

fatty acids, while these mechanisms may not be so important after spawning, when 
mobilisation of fatty acids is lower (Jerez et al., 2006). 
 

 
 

Figures 10 Characteristics of hybrid catfish (P. larnaudii x P. hypophthalmus) fed with 

different levels of freshwater fish oil (FFO) supplement. 
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3. Indicators of reproductive condition 
 

3.1 Steroid hormone 
 

During spawning season in August, fish fed with 1% FFO supplement 

had both 17β-estradiol and testosterone plasma values significantly higher than 
control and 2% FFO groups (1,577 pg mL−1 and 3.28 ng mL−1, p<0.05, respectively) as 
shown in Tables 1 0 . Steroid hormone levels were elevated in plasma of FFO 

supplemented fish compared to control (Tables 1 0 ). Similarly, 1 7  β-estradiol and 
testosterone levels of Hemibagrus nemurus were shown to be increased during 
spawning season (May through August) compared to postspawning season 
(September through December), and their GSI in May (7.04%) and August (7.01%) was 
higher than in December (1.14%) (Adebiyi et al., 2013). Moreover, supplementation of 
fatty acids in seabass before and during spawning season induced increase in steroid 
hormones and significantly improved reproductive performance of sea bass (Navas et 
al., 1998). Finally, Mekong giant catfish (P. gigas) eight-year old females cultured in 

earthen ponds similar to our study, showed highest plasma levels of 17β-estradiol in 
May, prior to their spawning maturation (Manosroi et al., 2003). 

 
3.2 Gonad maturity 

 
Gonadosomatic index (GSI) was not significantly different; however, a 

trend in positive correlation between increasing FFO supplement and GSI was noted. 
During post-spawning season in December, reproductive indicators in all groups were 
not significantly different (Tables 10). 

Gonadosomatic index has been used as reliable indicator of changes 
in nutritional and energetic balance condition of fish (Adams et al., 1 9 9 6 ). In our 
study, we observed fish in two parts of the growing cycle, fish spawning in August 
(during rainy season) and post-spawning season in December (entering Thai winter 
season). Significant differences in GSI were observed in between the two seasons, 
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with highest difference in the group fed with 2 %  FO (Tables 1 0 ).  It was reported 
recently that critical requirements for optimal reproductive performance including 
relative gonadal weight in African catfish (Clarias gariepinus) may be water 

temperatures of 28 ◦C and nutrition (Al-Deghayem et al., 2017). 
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3.3 Histology of gonad 
 
Histologically, fish feed with 1% and 2% FFO had migrating germinal 

vesicle (MGV), peripheral germinal vesicle (PGV) and germinal vesicle breakdown 
(GVBD) in more developed stages when compared to fish from control group (Figures 
12). Average oocyte histology determined in during spawning season showed that 
most oocytes were in primary growth (PG) phase, followed by central germinal 
vesicle (CGV), MGV, PGV and GVBD phases (67.21, 10.38, 20.77, 1.64 and 0.00%; 43.69, 
14.34, 30.72, 8.19 and 3.07%; 38.85, 11.51, 35.25, 7.91 and 6.48%) for fish in control, 
1% FFO and 2% FFO supplemented groups, respectively (Figures 13). Testicular 
histology and appearance of spermatocytes showed that spermatid (SD) and 
spermatozoa (SZ) maturation in fish from 1% and 2% FFO groups were more 
advanced than in control fish (Figures 14). 

Oocytes from fish fed with FFO supplements showed advanced 
maturation stages and histological characteristics compared to the control (Figures 
12). Rojtinnakorn and Thepnarong reported six oocyte maturation stages of the 
Pangasianodon hypophthalmus as stages 1 and 2 (primary growth phase, PG); stage 3 
(central germinal vesicle, CGV); stage 4  (migrating germinal vesicle, MGV); stage 5 
(peripheral germinal vesicle, PGV); and stage 6  (germinal vesicle breakdown, GVBD). 
Our results of histological evaluation of hybrid catfish ovaries in spawning phase 
(August) confirmed this categorization, and correspond to reported stages 
(Rojtinnakorn and Thepnarong, 2006 ; Prat et al., 1990 ). Testicular development in 
FFO supplemented fish was found to be more advanced than in control fish, and 
similar results were obtained by Sutthi et al. by finding spermatids and spermatozoa 
during spawning season in male catfish hybrid of F2 generation (Sutthi et al., 2014). 

Overall, our results demonstrate clearly that fish oil supplementation  
at low levels was able to increase plasma concentrations of steroid hormones (likely 
through increased availability of essential fatty acids used in synthesis of 
prostaglandin hormone precursor) (Mengumphan, 2010). The fish feed supplemented 
with 1% and 2% FFO showed increased content of monounsaturated fatty acids and 
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polyunsaturated fatty acids (Tables 9). Essential fatty acids are necessary for the 
reproductive system and growth of fish, affecting teleost pituitary and gonadal 
hormone levels, and reproductive performance (Bruce et al., 1999). Arachidonic acid 
deficiency interferes with regulation of the sex hormones, and slows down 
development of sperm and eggs in sea bass and goldfish (Silva and Dean, 2001). It 
was also demonstrated that conversion of arachidonic acid to eicosanoids stimulates 
testosterone production in goldfish ovaries and testis (Mercure and Van Der Kraak, 
1996). 
 

 

Figures 12 Effects of freshwater fish oil on the oocyte stage of hybrid catfish 
consisting of: A) ovary during spawning season (10x), B) ovary in post-spawning season 
(40x). Arrows point to: primary growth phase (PG), central germinal vesicle (CGV), 
peripheral germinal vesicle (PGV), germinal vesicle breakdown (GVBD) and germinal 
vesicle (GV).  
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Figures 13  Ovarian oocyte stages development of hybrid catfish fed with 0% FFO, 
1% FFO, and 2% FFO during spawning (Aug) and post-spawning (Dec). Labeled as: 
primary growth phase (PG), central germinal vesicle (CGV), migrating germinal vesicle 
(MGV), peripheral germinal vesicle (PGV), and germinal vesicle breakdown (GVBD). 
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Figures 14 Effects of freshwater fish oil on the spermatocyte of hybrid catfish 
consisting of: A) testis during spawning season (Aug; 10x), B) testis during post-
spawning season (Dec; 40x). Labeled as: spermatogonium (SG), spermatocyte (SC), 
spermatid (SD) and spermatozoa (SZ). 
 
4. Fish fillet qualities 
 

4.1 Color 
 

The colorimetric analyses of during spawning (August) and post-
spawning (December) revealed not significant differences (p>0.05) in lightness (L*), 
redness (a*) and yellowness (b*) of fish fillet are shown in Tables 11 . Characteristics 
of fish fillet color fed with different level of freshwater fish oil (FFO) supplement are 
show in the Figures 15. 

In during spawning, L*, a* and b* values of fish fillet fed with FFO of 
all levels were higher than that of post-spawning. The trend of the L* values of fish 
fillet fed with 1 and 2% FFO of both seasons were higher than that of 0% FFO. Post-
spawning season (December), which is winter causing the fish to eat diet less. Aquatic 
animals have adapted by using energy from fat accumulated in the body for their 
livelihood, affecting the change in meat color (L*, a*, b*) is reduced (Benjakul, 2011). 
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However, fish fillet fed with 1 and 2% FFO of post-spawning gave lower a* and b* 
values than 0% FFO. These results suggested that fish fillet fed with 1 and 2% FFO 
had a lighter color but lower redness and yellowness than that of 0% FFO (Tables 
11). Similarly, lightness (L*, 40.32-42.48), redness (a*, 6.83-8.43) and the yellowness 
(b*, 7 .0 0 -9 .4 5 )  levels of Maejo Buk-Siam hybrid catfish (Pangasianodon gigas x 
Pangasianodon hypophthalmus F2 )  fed with three different feed were not 
significantly different (Kitcharoen et al., 2017). While, the color in muscle (lateral line) 
of giant catfish (Pangasianodon gigas) in lightness (L*), redness (a*) and the 
yellowness (b*) showed the 32.19 , 16.92 and 15.99 , respectively. The difference in 
color in muscles might be due to the difference in compositions, especially 
myoglobin or pigment content (Chaijan et al., 2010).  

The coloration values found in this study were different from other 
studies. Kulawik et al. (2016) assess the color and sensory evaluation of frozen fillets 
of Pangasius catfish and Nile tilapia imported to Poland, Germany, and Ukraine. This 
study showed significant differences between groups in all studied parameters but 
reported lower level of a* (-0.21 to -1.42) and high level of L* (60.44 to 61.31) 
parameters. Yellowness of fish muscle increased during storage, while redness 
decreased. This increase in yellowness during storage can be attributed to heme 
oxidation which results in browning of the bloodline. Moreover, the a* and b* 
(redness and yellowness) values of muscle (Clarias gariepinus) color was significantly 
(p<0.05) affected by the diets. In particular, the chicken offal fed catfish appeared to 
have marked yellowness (b*) on the muscle was high (7.49) (Noordin et al., 2019). 
According to Qiufen et al., (2012) the pigment absorption, transportation and 
deposition in the fish cells influenced by the fat content in the feed. With bad 
quality fats, the transportation and absorption of pigment granules in the fish body 
cannot be done normally. 
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Tables 11 The effect of freshwater fish oil (FFO) supplemented diets on color of fish 
fillet. 

 

Month Fish (n) Formulas L* a* b* 

4 (August)  

3 0% FFO 50.77±1.30a 24.80±0.86a 8.03±0.41a 

3 1% FFO 52.36±0.95a 24.79±0.66a 7.86±0.06a 

3 2% FFO 52.17±1.56a 24.57±0.47a 8.10±0.14a 

8 (December)  

3 0% FFO 45.27±0.96a 8.34±0.66a 3.44±0.18a 

3 1% FFO 47.29±1.00a 6.93±0.92a 2.72±0.09a 

3 2% FFO 48.82±1.91a 8.24±1.10a 3.12±0.55a 
 

Note. Color parameters are given as mean ± S.E. from triplicate determinations. Values in the 
same columns with the same superscript are not significantly different (p>0.05). 

 

  
 
Figures 15 Color adderance of fish fillet color fed with different levels of freshwater 
fish oil (FFO) supplement. 
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4.2 Proximate composition 
 

Tables 12  show the comparison of the freshwater fish oil (FFO) 
supplemented diets for proximate composition of fish fillet. All parameters of the 
proximate composition were not significantly different (p>0.05). However, the 
tendency of protein and fat were between 18.95-19.51% and 4.37-5.79%, 
respectively. Different protein values in fish fresh were using samples of different fish, 
using 3  fish to be replicates per treatment. The high fat in fish fresh fed 1 % 
freshwater fish oil supplementation was due to the aquatic animals store fat as 
source of energy for the fasting period. During the maturity of the reproductive 
organs, fat from the liver and muscles is sent to the reproductive organs. During the 
spawning period, the fat content is markedly reduced. But after the spawning stage, 
the fish will eat more diet, resulting in an increase in the amount of fat in the liver 
and muscles. But the amount of fat in the reproductive organs is reduced (Huss, 
1995; Benjakul, 2011). 

Similarly, protein (14.36-19.00%) and fat (0.54-8.60) levels of P. gigas 
(Chaijan et al., 2010), protein (15.50%) and fat (2.51%) levels of Rhamdia quelen 
(Weber et al., 2008), and protein (14.72-18.60%) and fat (3.65-16.10) levels of Clarias 

gariepinus (Noordin et al., 2019). Crude protein content in fish flesh varies depending 
on the species, the nutritional condition, the type of fish, the state of nutrition, and 
the productive cycle of animal as well as the parts of the organism (Sikorski et al., 
1990). Puwastien et al. (1999) also reported that the protein content ranged from 17 
to 20 g/100 g for raw freshwater fish. Generally, the lipid content of cultured fish 
muscle is higher than that of wild fish which may be caused by lack of exercise, 
overfeeding and high energy diets (Rodriguez et al., 2004). 

In addition, Hunt et al., (2018) reported the effect of fish oil (FO) and 
cod liver oil (CLO) as the dietary lipid sources on the muscle tissue proximate 
composition of Nile Tilapia (Oreochromis niloticus). The fish fed with FO (1.70%) diet 
group contained lower crude lipid in their muscle than that of fish fed with CLO 
(2.35%) contained diet group, but the fish fed with FO (23.95%) was of crude protein 
higher than the fish fed with CLO (22.18%) and significantly different (p<0.05). This 
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could probably be due to quantity of oil used which was not in excess of the fish 
requirement resulting in better utilization of protein for growth. While the whole-
body proximate composition of Siberia sturgeon (Acipenser baerii, Brandt) fed diets 
supplemented with various ratio of DHA/EPA were not significantly different (p>0.05) 
(Luo et al., 2019). 

 
Tables 12 The effect of freshwater fish oil (FFO) supplemented diets on proximate 
composition of fish fillet in August (spawning season). 
 

Proximate composition 
(% dry matter basis) 

0% FFO 1% FFO 2% FFO 

Moisture 76.02±1.86a 75.13±1.03a 75.89±1.55a 
Ash 1.23±0.24a 1.09±0.27a 1.08±0.38a 
Protein 19.27±2.85a 18.95±3.73a 19.51±4.45a 
Fat 4.74±3.17a 5.79±3.45a 4.37±4.57a 
 

Note. Values (means of triplicate ± S.E.) in the same rows with the same superscript are not 
significantly different (p>0.05). 

 
4.3 Fatty acid composition 

 
The fatty acid composition of hybrid catfish fed the three dietary 

treatments of freshwater fish oil (FFO) supplemented diets is shown in Tables 13 . 
The total saturated fatty acid (SFA) content of muscle tissue lipids were 2.61, 1.91 
and 1.48 in 0%, 1% and 2% FFO reared fish, respectively. During the spawning period, 
the fat content and fatty acid is markedly reduced (Huss, 1995; Benjakul, 2011). 
Regardless of the diets, palmitic acid (C16:0) was the dominant SFA detected in all 
group of hybrid catfish fillet samples of this study (Tables 13). Among n-9 series of 
fatty acids, oleic acid (C18:1n9c) was the one of the predominant monounsaturated 
fatty acid (MUFA) in 0%, 1% and 2% FFO diet in fillet samples of hybrid catfish. 
However, fish fed with 1% FFO diet, n-3 and n-6 had higher amounts than that of fish 
fed with 0% and 2% FFO diet in fillet samples (Tables 13). 
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 Similarly, fatty acid profiles of fillets in Nile tilapia (Oreochromis 
niloticus) fed with fish oil (FO) diet had low concentration of palmitic acid (C16:0) and 
Monounsaturated fatty acid (MUFA), but high levels of polyunsaturated fatty acids 
(PUFA) when compared to fish fed cod liver oil (CLO) diet (Hunt et al., 2018). Inkam 
(2020) reported, the fatty acid profile of flesh of tilapia (Oreochromis niloticus) fed 
with FO supplementary diet was highest in eicosapentaenoic (EPA) and 
docosahexaenoic acid (DHA), this were polyunsaturated fatty acids (PUFA). When 
dietary lipid amount is increase 12 percent dietary lipid on percent yield of the basa 
catfish (Pangasius bocourti). Increasing of the lipid accumulation effect to increasing 
of essential fatty acids (linoleic (LOA), EPA and DHA) in the fish flesh too, especially 
unsaturated fatty acids was not significant different (p>0.05). Aquatic feed with 6-9 
percent dietary lipid amount in feed formula and 2-4 percent essential fatty acids of 
total dietary lipid were sufficient for growth performance and lipid accumulation in 
meat of the basa catfish (Somboon and Semachai, 2014). 

Furthermore, it appeared that changing oil source in diet with FO had 
an increassing effect on the proportion of n-3 (especially EPA and DHA) in muscle 
tissues of tilapia (Hunt et al. 2018). Oleic acid which is the major MUFA in catfish is 
considered to be of exogenous origin and usually reflects the type of fish diet 
(Ackman, 1980). The principle acids in the PUFA group was linoleic acid (C18:2n6) 
shown in the Tables 13. Similar findings were reported by Okonji and Daniel (2013); 
Noordin et al. (2019). EPA was not detected in the fillet from hybrid catfish fed with 
FFO all levels. This was expected as the EPA contain in the fish diet is low (Tables 9). 
Feeding on vegetable oils lowered the muscle content of EPA, DHA and arachidonic 
acid (ARA) and this kind of effect has been documented earlier in Channel catfish 
(Manning et al. 2006), South American catfish (Arslan et al., 2008) and Brown Trout 
(Arslan et al., 2012). Synthesis and degradation of fatty acid occurs mainly in the 
liver, and many enzymes involved in regulating these pathways show varying 
affinities for the different fatty acids in the organ (Kiessling, and Kiessling, 1993). 
Therefore, identifying suitable alternatives to FO in aquafeeds or improving efficiency 
of FO used must meet the issues of balancing lipid storage with lipid burning for 
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growth and supplying essential fatty acids, while maintaining the health of the fish 
(Leaver et al., 2008). 

 
Tables 13 The effect of freshwater fish oil (FFO) supplemented diets on fatty acid 
composition of fish fillet in August (spawning season). 
 

Fatty acid composition  
(g per 100 g of fillet) 

0% FFO 1% FFO 2% FFO 

Myristic acid (C14:0) 0.17 0.09 0.09 
Palmitic acid (C16:0) 1.99 1.42 1.11 
Heptadecanoic acid (C17:0) 0.11 0.05 0.05 
Stearic acid (C18:0) 0.35 0.34 0.23 
Saturated fatty acid (SFA) 2.61 1.91 1.48 
Palmitoleic acid (C16:1n7) 0.03 0.02 0.02 
Trans-9-Eladic acid (C18:1n9t) 0.03 0.03 0.02 
cis-9-Oleic acid (C18:1n9c) 2.09 1.77 1.26 
cis-11-Eicosenoic acid (C20:1n9) 0.03 0.05 0.02 
Monounsaturated fatty acid (MUFA) 2.19 1.88 1.33 
cis-9,12-Linoleic acid (C18:2n6, LOA) 0.42 0.50 0.27 
cis-11,14-Eicosadienoic acid (C20:2) - 0.01 - 
cis-8,11,14-Eicosatrienoic acid (C20:3n6) 0.02 0.02 0.01 
Arachidonic acid (C20:4n6, ARA) 0.03 0.03 0.02 
4,7,10,13,16,19-Docosahexaenoic acid 
(C22:6n3, DHA) 

0.03 0.03 0.02 

Polyunsaturated fatty acid (PUFA) 0.51 0.60 0.32 
Unsaturated fatty acid (UFA) 2.70 2.48 1.65 
n-3 fatty acid 0.02693 0.03517 0.01942 
n-6 fatty acid 0.47314 0.55098 0.29605 
n-9 fatty acid 2.08858 1.76920 1.26418 

Total 5.31 4.39 3.13 
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4.4 Vitamin E (Alpha-tocopherol) 
 

Vitamin E of the diets supplemented with different level of freshwater 
fish oil (FFO) shown in Figures 16 where it was observed that addition of FFO did not 
show significant difference (p>0.05), the tendency of vitamin E in fish fillet with fed 
supplemented with 1, 0 and 2% FFO were 0.15, 0.14 and 0.13 g/100 g of fillet, 
respectively.  

In another hand, previous studies of Spirulina sp. (high vitamin E) 
supplemented in pellet feed was improve maturation to the broodstock of 
Pangasinodon gigas during spawning season (Meng-umphan and Saengkrachang, 
2008). Similarly, Chen et al. (2008) reported that the rainbow trout (Oncorhynchus 
mykiss) diet was supplemented with 0, 8.5, or 15 g/100 g of flaxseed oil (FO). The 
alpha-tocopherol content in fillets was increased with the length of time being fish 
fed with FO no significant difference (p>0.05). Moreover, striped catfish (Pangasius 
hypophthalmus) were fed with three trial diets prepared by adding different amounts 
of alpha-tocopheryl acetate (ATA; 0, 90 and 300 mgKg-1 diet), alpha- tocopherol level 
of the fish flesh were increased due to ATA supplementation in diets (Al-Noor et al., 
2012). 

 

 
 

Figures 16  Vitamin E in fish fillet of hybrid catfish fed with freshwater fish oil (FFO) 
supplemented diets in August (spawning season).  
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4.5 Carcass quality 
 
Referring to the carcass quality, there were not differences in the 

proportions of grated meat, skeleton, visceral, fillet, ventral meat, chin meat and 
gonad between groups during spawning (August) and post-spawning (December) 
(Tables 14). In the present study, fillet yield was not different, but the post-spawning 
had a higher fillet (%) than the during spawning, because during spawning season, fish 
develop and accumulated oocyte and spermatocyte for reproduction. This can be 
seen from the high percentage of gonads. 

Filleting implies removal of bones, fins and ventral meat from the 
flesh. Filleting and trimming are important for logistics, economics, and addition of 
value along the marketing chain and for separation of edible part from the inedible 
ones (Intarak et al. 2015). In addition, those who filleting must have experience to 
achieve a high percentage of fillet. Filleting in fish can be done either by machine or by 
hand. Hand filleting is labor intensive and time consuming (Rora et al. 2001). However, 
fillet yield depends on the species, on the structural anatomy of the fish and season. Fish 
with smaller heads and frames relative to their musculature gives a higher fillet yield than 
fish with larger heads and frames (Intarak et al. 2015). The percentage of fillet for Punga 
fish (Pangasius bocourti Sauvage) was found range from 30.4-31.2% weight 700-1200 g 
(Intarak et al. 2015). The percentages of hybrid catfish (Pangasius larnaudii x 
Pangasianodon hypophthalmus) fillet were 30.07-32.79% during spawning and 31.83-
35.63% post-spawning. 
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Capital contract of Research and Researchers for Industries (RRI) 
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Figures 1 Presentation of research progress to S&P Syndicate Public Co., Ltd. 

 

 
 

Figures 2 Presentation of research progress of Ph.D. student under the program of 
RRi, North, between 13 - 15 February 2019 at Chiang Mai University. 

 

 
 

Figures 3 Organizing an exhibition and presenting research of Ph.D. student under the 
program of RRi, "Outstanding research" at the TSRI Congress 2019, Siam Paragon center. 
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Figures 4 The VDO filming of the silver hybrid catfish, pushing stars to export grades 

under the support of research funding from TSRI, follow at https://www.facebook. 

com/ ResearchcafeTRF/videos/260037598319569/ 
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APPENDIX C  
FOOD AND DRUG ADMINISTRATION  

Sai Aua (Notrhern Thai spicy sausage) 
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Assessment form 

Subject: Processing of fish fillets from hybrid catfish (Pangasianodon hypophthalmus x 

Pangasius larnaudii) to develop into poached fish products.  

Faculty of fisheries technology and aquatic resources, Maejo University. 
 

Explanation: This assessment collects information about consumer opinions and satisfaction with 
the product. This is to bring the comments and satisfaction that have been summarized for 
further product development. 
 

Part 1  Information about the respondents' status and background information. Please provide 
details about yourself by writing a mark  into (   ) actual text page. 
 

Gender  (   ) Male (   ) Female    
Age  (   )    15-25 years old (   )    26-35 years old (   )    36-40 years old  

(   )    41-45 year old (   )    46-50 years old (   )    51-55 years old  
(   )    56-60 years old (   )    61 years old or older 

 Occupation ……………………………………………………………………………………………………………………………… 
 Have you ever eaten poached frozen fish fillet or not? (   ) Yes  (   ) No 
  

Part 2  Satisfaction level, please put a  that match your actual satisfaction level (Scores 
between 1 to 9, 1 = dislike extremely and 9 = like extremely). 
 

Formula 1 

Sensory parameters 
Level of satisfaction  

1 2 3 4 5 6 7 8 9 
1. Color          
2. Odor          
3. Sweet          

4. Texture          
5. Overall acceptability          

 

Suggestion 

…………………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………………………………………… 
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Furmula 2 

Sensory parameters 
Level of satisfaction  

1 2 3 4 5 6 7 8 9 
1. Color          

2. Odor          
3. Sweet          

4. Texture          
5. Overall acceptability          

 

Suggestion 
…………………………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………… 
 
Formula 3 

Sensory parameters 
Level of satisfaction  

1 2 3 4 5 6 7 8 9 
1. Color          

2. Odor          
3. Sweet          

4. Texture          
5. Overall acceptability          

 

Suggestion 
…………………………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………… 
Which product formulation are you most satisfied with and why? 
…………………………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………………………
  

The price of fish fillets is 300 baht/kg, will you buy it or not?   Yes   No 
 
 
 

 Thank you very much for your cooperation in answering this questionnaire. 
Research team 
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Assessment form 

Subject: Processing of Sai Aua (Northern Thai spicy sausage) from hybrid catfish 
(Pangasianodon hypophthalmus x Pangasius larnaudii) 

Faculty of fisheries technology and aquatic resources, Maejo University. 
 

Explanation: This assessment collects information about consumer opinions and satisfaction with 
the product. This is to bring the comments and satisfaction that have been summarized for 
further product development. 

 

Part 1  Information about the respondents' status and background information. Please provide 
details about yourself by writing a mark  into (   ) actual text page. 

Gender  (   ) Male (   ) Female    
Age  (   )    15-25 years old (   )    26-35 years old (   )    36-40 years old  

(   )    41-45 year old (   )    46-50 years old (   )    51-55 years old  
(   )    56-60 years old (   )    61 years old or older 

 Occupation ……………………………………………………………………………………………………………………………… 
 Have you ever eaten boiled frozen fish fillet or not? (   ) Yes  (   ) No 
  

Part 2  Satisfaction level, please put a  that match your actual satisfaction level (Scores 
between 1 to 9, 1 = dislike extremely and 9 = like extremely). 
 

Formula 1 

Sensory parameters 
Level of satisfaction 

1 2 3 4 5 6 7 8 9 
1. Color          
2. Salty          
3. Spicy          

4. Sweet          
5. Odor          
6. Texture          

7. Overall acceptability          
 

Suggestion 
…………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………… 
………………………………………………………………………………………………………………………………………………………………… 
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Formula 2 

Sensory parameters 
Level of satisfaction 

1 2 3 4 5 6 7 8 9 
1. Color          

2. Salty          
3. Spicy          

4. Sweet          
5. Odor          

6. Texture          
7. Overall acceptability          

 

Suggestion 
…………………………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………… 
 
Formula 3 

Sensory parameters 
Level of satisfaction 

1 2 3 4 5 6 7 8 9 
1. Color          

2. Salty          
3. Spicy          
4. Sweet          

5. Odor          
6. Texture          

7. Overall acceptability          
 

Suggestion 
…………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………………………………………………………………………………… 
Which product formulation are you most satisfied with and why? 
…………………………………………………………………………………………………………………………………………………………………
…………………………………………………………………………………………………………………………………………………………………
  

The price of Sai Aua is 400 baht/kg, will you buy it or not?  Yes   No 

Thank you very much for your cooperation in answering this questionnaire. 
Research team 
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2. Journal of Agricultural Research and Extension 2018. 35(2) (Special): 1-10. 
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1. The 1st National Graduate Research Conference and Creative Innovation 
Competition. 17-18 August 2017. At the Empress International Convention 
Center, The Empress Hotel, Chiang Mai, Thailand. pp. 5. 
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2. The 2nd GCIC, 46th National and 9th International Graduate Research 
Conference. May 17th -18th, 2018. At the Empress International Convention 
Center, The Empress Hotel, Chiang Mai, Thailand. pp. 25. 
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1. The 12th International Conference and Exhibition on Nutraceuticals and 

Functional Foods (ISNFF2019) on December 1 - 5, 2019, Kobe, Japan. 
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2. Academic conference: Animal Genetic Improvement and Biotechnology: 
Moving towards Creative Economy, 13-14 July 2017. At the Grand Ballroom, 
Rama Gardens Hotel, Bangkok. pp. 40. 
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1. The 1st National Graduate Research Conference and Creative Innovation 
Competition. 17-18 August 2017. At the Empress International Convention 
Center, The Empress Hotel, Chiang Mai, Thailand. 
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2. Innovative feeds for catfish aquaculture industry. Award gold medal, special 
prize and special awards. In XXI Moscow International Salon of Inventions and 
Innovation Technologies «ARCHIMEDES-2018». At Moscow, Soviet Union, Russia 
(5-8 April 2018).  
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APPENDIX I  
Study and research visits in Fish Diseases and Fisheries Biology, 

the Faculty of Veterinary Medicine, Ludwig Maximilian 
University of Munich, Germany. 

  



 

 

152 

 
 

Figures 5 University visit and work planning. 
 

 
 

Figures 6 The atmosphere of the immune system lab. 
 

 
 

Figures 7 Presentation and summary of research studies before returning to Thailand. 
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