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CHAPTER III 

RESEARCH FRAMEWORK 

 

3.1. Research Framework 

In the current poultry industry practice, n-6 FA had greater consideration 

in diet formulation compared to n-3 FA. To date, only n-6 FA which already 

supplied in sufficient, or even in excessive quantities in poultry diet, otherwise n-3 

FA supply is still very limited. One of the significant source of n-6 FA is soybean 

oil, which had total n-6 FA in the amount of 52.9% (Koppenol, Delezie, Wang, 

Franssens, Willems, Ampe, Buyse, and Everaert, 2015). Omega-6 FA will be 

further metabolized into some eicosanoid namely as prostaglandin E2, 

thromboxane A2, and leukotriene B4. According to Cherian (2011), those 

mentioned eicosanoid had pro-inflammatory properties, while Guo, Chen, Xia 

and Yuan (2004) reported that the increase of those eicosanoid followed by the 

reduction of antibody production. Those studies showed that n-6 FA might 

suppress immune system, which then may possibly impair performance of the 

birds. In other side, n-3 FA which is commonly found in fish oil (total n-3 FA: 

26.03%) (Andri, Sukoco, Hilman and Widodo, 2016b), will be metabolized into 

different series of eicosanoid namely prostaglandin E3, thromboxane A3, and 

leukotriene B5. This kind of eicosanoid had less pro-inflammatory and could 

support immune system (Cherian, 2011, Guo et al. 2004), which then may 

possibly support performance of the birds. Moreover, in a study conducted by 

Maroufyan et al. (2012), birds fed diet containing n-6/n-3 ratio at 5.5:1 had better 

relative immune response and performance compared to those fed diet 

containing n-6/n-3 ratio at 45:1 and 1.5:1. This study indicate that both n-6 and n-
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3 FA are important to support health status and performance of the bird, but it 

should be provided in an ideal ratio. 

Supplementation of dietary fish oil to provide balance ratio of n:6/n-3 in 

poultry diet not only will possibly improve immune system and poultry 

performance, but also will affect egg quality. Previously, it was reported that 

supplementation of fish oil could increase n-3 FA concentration in yolk (Andri et 

al. 2016b, Lemahieu et al. 2015). Increase of n-3 FA in yolk will provide health 

benefit effect for human, because n-3 FA is considered to be health promoting 

agent in human nutrition (Klek, 2016). Moreover, in poultry breeder, dietary n-3 

strategies will also provide health benefit for progeny. Omega-3 FA in yolk will be 

utilized for growth of embryo and then will be transferred into progeny’s tissue 

(Koppenol, Buyse, Everaert, Willems, Wang, Franssens and Delezie, 2014a; 

Ortega, 2007; Pappas, 2005). Accumulation of n-3 FA in progeny tissue may 

provide improvement of immune response especially in their early life stage, 

which then may possibly improve overall performance of the bird. However, it 

should be underlined that the presence of n-3 FA, especially long chain n-3 FA 

such as EPA and DHA are highly susceptible to oxidation. Previously, it was 

reported that fish oil supplementation could increase meat and erythrocyte 

oxidation susceptibility (González-Ortiz, Sala, Cánovas, Abed and Barroeta, 

2013), which led to biological damage and may had a negative effect on poultry 

performance (Fellenberg and Speisky, 2006). King et al. (2012) also reported that 

addition of fish oil could increase lipid peroxide value in the yolk, which indicate 

that fish oil addition could impair egg quality. As a consequence, fish oil 

containing diet should be supplemented with an antioxidant. 

In order to prevent fish oil from oxidation, tomato powder have a great 

potency as natural antioxidant source. Main bioactive compound in tomato is 

carotenoids, particularly lycopene which has strong antioxidant capacity (Guil-
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Guerrero and Rebolloso-Fuentes, 2009). Moreover, tomato also contains 

ascorbic acid and phenolic compound (Mostapha et al. 2014), α tocopherol 

(Lenucci et al. 2006), and vitamin A (Adenike, 2012). Previously, Akdemir et al. 

(2012) reported that tomato powder supplementation could reduce 

malondialdehyde (MDA) concentrations in both serum and yolk. This finding 

confirmed that tomato powder could act as antioxidant for poultry. 

Besides could be used to prevent fish oil from oxidation, supplementation 

of tomato powder also had potency to improve performance and reproductive 

performance in poultry. Previously, supplementation of tomato powder at 1% 

could increase egg production, egg weight, and yolk weight (Akdemir et al. 2012). 

In a study conducted by Triques et al. (2016), dietary antioxidant blend containing 

lycopene, canthaxanthin, and vitamin C could increase testes weight. Cheah and 

Yang (2011) reported that vitamin A, vitamin C, and vitamin E could promote 

Sertoli and Leydig cell development. These physiological changes then may 

support spermatogenesis, which will give direct effect on sperm production and 

quality. These mechanisms in agreement with previous finding, which noted that 

supplementation of dietary tomato could improve volume, concentration, and 

viability of spermatozoa of broiler breeder (Mangiagalli et al. 2010, Selcuk, 

Selcuk, Kahraman, Ciftci and Akal, 2013). 

Improvement in semen parameter due to dietary tomato supplementation 

should be followed by the improvement of the sperm ability to fertilize the ovum. 

In this context, dietary PUFA will plays a major role to determine the fertilization 

rate. In a study conducted by Cerolini et al. (2005) dietary fish oil 

supplementation will increase DHA concentration in sperm phospholipid of male 

broiler breeder. According to Cerolini, Pizzi, Gliozzi, Maldjian, Zaniboni, and 

Parodi (2003), DHA had direct effect on the membrane flexibility. In spermatozoa, 

membrane flexibility will affect the motility of the sperm, which then may affect the 
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sperm ability to fertilize the ovum. Previously, it was reported that broiler breeder 

fed dietary fish oil had higher forward progressive motility of sperm compared to 

those fed dietary soybean oil (Cerolini et al. 2005). Hudson and Wilson (2003) 

reported that dietary n-3 oil had higher fertility and hatchability compared to 

dietary n-6 oil. However, although those above-mentioned data showed that n-6 

rich oil could give some negative effect on reproductive performance, but it 

should underlined that n-6 dietary oil also had positive effect on other 

reproductive parameter. Previously, Thomas, Bao and Williams (1997) reported 

that dietary soybean oil treatments had greater ovarian follicular growth rate 

compared to dietary fish oil treatments. In several study, it was reported that 

supplementation of dietary soybean oil had higher weight of settable egg and 

then had higher hatch weight compared to supplementation of dietary fish oil 

(Pappas, 2005; Ajuyah, Wang, Cherian, Sunwoo and Sim, 2003; An et al. 2010; 

Koppenol et al.  2015). Furthermore, it could be stated that diet containing ideal 

ratio of n-6/n-3 FA with antioxidant addition from tomato powder could give 

significant role to improve laying performance, egg quality, and reproductive 

performance in Mojosari duck. 
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3.2. Conceptual Framework 

 

 

 

 

 

 

 

 

 

Figure 5. Conceptual Framework 
Notes: SO: Soybean Oil, FO: Fish Oil, TP: Tomato Powder
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3.3. Hypotheses 

a) Diet containing soybean oil and fish oil in combination with tomato powder 

supplementation could optimize laying performance of Mojosari duck 

b) Diet containing soybean oil and fish oil in combination with tomato powder 

supplementation could optimize egg quality of Mojosari duck 

c) Diet containing soybean oil and fish oil in combination with tomato powder 

supplementation could optimize reproductive performance of Mojosari 

duck 
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3.4. Operational Framework 

 

 

 

Figure 6. Operational Framework 

T0: diet with 2% soybean oil (control) 
T1: diet with 1% soybean oil + 1% fish oil 
T2: diet with 2% fish oil 
T3: diet T1 + 1% tomato powder 
T4: diet T2 + 1% tomato powder 
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