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CHAPTER II 

LITERATURE REVIEW 

 

2.1. Omega-3 and Omega-6 Fatty Acids 

 Fatty acids can be classified into three kinds according to the number of 

double bonds, namely saturated, monounsaturated, and polyunsaturated. 

Saturated fatty acids (SFA) are those which have no double bonds in their 

molecule. Whereas monounsaturated fatty acids (MUFA) have one double 

bonds, and polyunsaturated fatty acids (PUFA) have two or more double bonds 

in their molecule (Schwingshackl and Hoffmann, 2012). PUFA are then can be 

further classified into omega-3 (n-3) and omega-6 (n-6) FA according to the 

position of the first double bonds counting from the methyl (CH3) end of the FA 

molecule. FA which the first double bonds are located between the 3rd and 4th 

carbon atoms are defined as n-3 FA, while if the first double bonds are located 

between 6th and 7th carbon atoms are defined as n-6 FA (Simopolous, 2009; 

Marventano, Kolacz, Castellano, Galvano, Buscemi, Mistretta and Grosso,. 

2015). Chemical structure of common n-3 and n-6 FA are showed in Figure 1 and 

Figure 2, respectively. 

 

Figure 1. Chemical structure of common n-3 FA (Marventano et al. 2015) 
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Figure 2. Chemical structure of common n-6 FA (Marventano et al. 2015) 

 Recently, effort to increase n-3 FA consumption is a major public concern 

in relation to improve human health. Current intake of n-3 FA is still below 

recommendation guideline (500 mg/day) (Sioen, De Henauw, Van Camp, 

Volatier and Leblanc, 2006), which may due to limited fish consumption. 

However, intake of n-6 FA is much higher and leads to imbalance n-6/n-3 ratio in 

human diet. This condition may associate with the increase of mortality due to 

cardiovascular disease, as it can be seen in Table 1. 

Table 1. Fatty acid concentration (% of total FA) in thrombocyte phospholipids 
among several ethnic and percentage mortality due to cardiovascular 
disease (CVD) 

Fatty Acids Europe and 
United States 

Japan Greenland 
Eskimos 

Arachidonic Acid, AA (20:4 n-6) (%) 26 21 8.3 

Eicosapentaenoic Acid, EPA (20:5 n-3) (%) 0.5 1.6 8.0 

Ratio of n6:n3 50 12 1 

Mortality due to CVD (%) 45 12 7 

Source: Simopolous (2000) 

 

Table 1 showed that in European and United States, where n-6/n-3 

concentration ratio reached 50, the number of mortality caused by cardiovascular 

disease found to be 45%. While in Japan with lower n-6/n-3 ratio, incidence of 

death caused by CVD was lower. Then, in Greenland Eskimos, with balance n-
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6/n-3 ratio, percentage of death from CVD was relatively very small. From this 

point of view, it could be suggested that increase n-3 FA intake could have 

beneficial health effect, especially to give protection against CVD. 

 

2.2. Fish Oil 

Fish oil is the best source of n-3 FA among several common dietary oil 

used in poultry diet. Fish oil had higher proportion of n-3 FA in the amount of 

31.19-32.66%, compared with soybean oil (5.71%), corn oil (0.79%), and canola 

oil (8.31%) (Pita, de Carvalho, Neto and Júnior, 2011). In addition, fish oil also 

had more appreciable amount of EPA and DHA compared with other n-3 

sources. As previously reported by Lemahieu, Bruneel, Ryckebosch, Muylaert, 

Buyse and Foubert (2015), fish oil had higher EPA and DHA (7.06 and 6.76%, 

respectively) as compared to microalgae Isochrysis galbana (EPA = 0.082% and 

DHA = 1.78%). Isochrysis galbana included in the comparison because it was the 

most appropriate autothropic microalgal species which can be used as feed 

supplement to enrich egg with n-3 FA (Lemahieu, Bruneel, Termote-Verhalle, 

Muylaert, Buyse and Foubert, 2013). In another study, Pita et al. (2011) reported 

that linseed oil, a n-3 rich vegetable oil, although had significant amount of ALA 

(49.26%), but had no detectable amount of EPA and only 0.14% DHA. In the 

body, ALA had a role as a precursor of EPA and DHA, while EPA and DHA will 

give direct biological role in the body. However due to conversion rate of ALA to 

EPA is limited, and further conversion to DHA is even lower (Fraeye et al. 2012), 

providing dietary rich in EPA and DHA had more beneficial impact rather than 

dietary rich in ALA. 

EPA and DHA contents of fish oil may be vary depends on the fish 

species used in fish oil production. Table 2 showed the EPA and DHA contents of 

fish oil produced from several common fish species. 
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Table 2. EPA and DHA content of fish oil produced from common fish species 

Fish species EPA DHA EPA + DHA 

 ---------- % of Total Lipid ----------- 

Capelin 8.00 6.00 14.00 

Norway Trout 8.00 13.00 21.00 

Mackerel 7.00 8.00 15.00 

Sardine 18.00 9.00 27.00 

Anchovy 17.00 9.00 26.00 

Source: Pike and Jackson (2010) 
 

As can be seen in Table 2, it could be explained that sardine oil had the 

highest amount of EPA, while Norway Trout had the highest amount of DHA as 

compared to Capelin, Mackerel, and Anchovy. However, if both EPA and DHA 

are taken into account, sardine fish oil had the highest total of these substances 

(27%), compared with Capelin (14%), Norway Trout (21%), Mackerel (15%), and 

Anchovi (26%). Therefore, it could be stated that sardine fish had a great 

potential as a source of fish oil. 

 

2.3. Fish Oil Supplementation in Poultry 

 As an effort to increase daily n-3 FA intake, fish oil usage as dietary 

supplement becomes an interesting research topic on poultry. This idea comes 

due to increasing poultry product (egg or meat) consumption year by year 

(Windhorst, 2011) and then fatty acid profile of poultry product is also closely 

related with fatty acid profile of feed (Saleh, 2013; Lemahieu et al. 2015). 

Carrillo-Domínguez, Avilla, Vásquez, Fuente, Calvo, Carranco and Pérez-

Gil (2012) reported that supplementation of 2.5% sardine oil in laying hens diet 

could increase yolk n-3 FA content, from 1.62% obtained from control, become 

4.26% in dietary fish oil treatment. Similarly, Saleh (2013) also reported that fish 

oil supplementation at the level of 2.5, 3.5, and 5% could significantly increase n-
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3 FA content in yolk. In addition, Lemahieu et al. (2015) reported that laying hens 

fed diet supplemented with 0.68% fish oil (equal to 120 mg extra n-3 FA per 100 

g feed) had higher yolk EPA + DHA contents (95.5 mg/egg) compared than those 

obtained from control diet (21 mg/egg). Those researches figured out that fish oil 

addition could increase yolk n-3 FA, particularly EPA and DHA contents. 

Dietary fish oil supplementation also had beneficial impact on 

reproductive performance of poultry. Al-Daraji, Al-Mashadani, Al-Hayani, Mirza 

and Al-Hassani (2010) reported that dietary fish oil supplementation could 

improve sperm volume, sperm concentration, live sperm, live normal sperm, and 

decrease abnormal sperm in male quail. Cerolini, Surai, Speake and Sparks 

(2005) reported that male broiler breeder fed diet supplemented with fish oil had 

higher forward progressive motility of sperm as compared to those fed diet 

supplemented with soybean oil.  

Improvement of male reproductive performance due to dietary fish oil 

supplementation also followed by improvement of fertility and hatchability. Al-

Daraji et al. (2010) reported that dietary fish oil could improve fertility, hatchability 

of fertile egg, and hatchability of total egg, and reduce embryonic mortality in 

quail. Blesbois, Douard, Germain, Boniface and Pellet (2004) reported that fish 

oil treatment fertility, early embryo viability, and hatchability in turkey. In another 

study conducted by Bozkurt, Cabuk and Alcicek (2008), broiler breeder fed diet 

supplemented with fish oil had higher fertility and hatchability of total egg 

compared to those fed diet supplemented with sunflower oil. Similarly, positive 

effect of fish oil also reported by Hudson and Wilson (2003). In that study, broiler 

breeder fed diet containing fish oil had higher fertility and hatchability of total egg. 

Those above-mentioned finding provide evidences that fish oil had promising 

effect to improve reproductive performance of poultry. 
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2.4. Carotenoid 

Carotenoids are termed for more than 700 fat-soluble isoprenoid polyene 

pigments that are biosynthesized by plants, yeasts, fungi, algae, and bacteria 

(Lerfall, 2016). Carotenoids are basically divided into two kinds according to the 

presence or absence of oxygen in their molecule.  Carotenoids compound which 

at least have one oxygen atom in their molecule are called by xanthophylls, while 

carotenoids which do not have oxygen atom in their molecule are called by 

carotenes (Breithaupt, 2007). Chemical structure of some carotenoid includes in 

carotenes and xanthophyll groups were presented in Figure 3 and Figure 4, 

respectively. 

 
 

 
 

Figure 3. Chemical structure of some carotenoid includes in carotenes group 
(Schweiggert and Carle, 2015) 
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Figure 4. Chemical structure of some carotenoid includes in xanthophyll group 
(Schweiggert and Carle, 2015) 

 

 

 

As it can be seen in Figure 3 and 4, the different between carotenes and 

xanthophylls groups is the presence of oxygen in their chemical structure. 

Carotenoids of carotenes groups consist of α-carotene, β-carotene, and 

lycopene, while those of xanthophylls groups are lutein, zeaxanthin, and 

astaxanthin (Schweiggert and Carle, 2015).  

 

2.5. Tomato (Lycopersicum esculentum) 

Tomato is one of the fruit which has a promising health benefit. Tomato 

contains carotenoid, which consist of lycopene, neurosporene, β-carotene and 

lutein (Perveen, Suleria, Anjum, Butt, Pasha and Ahmad, 2013). Lycopene is a 

major carotenoid found in tomatoes which gives tomato its reddish colour 

(Mostapha, Hayette and Zina, 2014). Lycopene has unique structure which 

contains 11 conjugated and 2 unconjugated double bonds, which makes 

lycopene have a strong antioxidant capacity (Choudhari and Ananthanarayan, 
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2007). In comparison with other carotenoids, lycopene is ranked as the most 

potent antioxidant capacity with the following order: lycopene > α-tocopherol > α-

carotene > β-cryptoxanthin > β-carotene > lutein (Heber and Lu, 2002).  

In addition to carotenoid, tomato also contains other antioxidant 

compounds including ascorbic acid, α tocopherol, phenolic compounds, and 

vitamin A. The amount of active antioxidant substances in tomato was showed in 

Table 3. 

 

Table 3. Antioxidant active substances in tomato 

Antioxidant Active Substances Total 

 --- µg/g --- 

Total Carotenoids1 132 – 583 

Lycopene1 28 – 472  

Neurosporene1 25 – 102 

β-carotene1 5 – 78 

Lutein1 3 – 19 

 --- mg/ 100 g --- 

Ascorbic acid2 6.94 – 16.70 

α tocopherol3 250 - 2,850  

Total Phenolic2 22.53 – 51.58 

 --- IU/100 g--- 

Vitamin A4 833 

Source: 1 Guil-Guerrero and Rebolloso-Fuentes (2009) 
 2 Mostapha et al. (2014) 
 3 Lenucci, Cadinu, Taurino, Piro and Dalessandro (2006) 
 4 Adenike (2012) 

  

As it can be seen on Table 3, total carotenoid content in tomato was 

between 132-583 µg/g. Lycopene accounted as major carotenoid compound in 

tomato (28-472 µg/g), followed by neurosporene (25-102 µg/g), β-carotene (5-78 

µg/g), and lutein (3-19 µg/g). Beside carotenoid, tomato also had significant 
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amount of ascorbic acid and phenolic compound. According to Table 3, it could 

be explained that tomato contain ascorbic acid and total phenolic compound in 

the amount of 6.94-16.70 and 22.53-51.58 mg/100 g, respectively.  

 Based on the quantity of antioxidant active substances, utilization of 

tomato or tomato products also had more promising antioxidant effect compared 

to pure lycopene. In a study conducted by Alshatwi, Al Obaaid, Al Sedairy, Al-

Assaf, Zhang and Lei (2010), tomato powder treatment had lower 

malondialdehyde (MDA) concentration in serum and liver of H2O2-induced rats 

compared to pure lycopene treatment. It could be stated that tomato powder 

could be used as powerful antioxidant source. 

 

2.6. Tomato Powder or Lycopene Supplementation in Poultry 

 The main purpose of dietary tomato powder supplementation is to 

improve oxidative stability of poultry products. In a study conducted by Akdemir 

et al. (2012), it was reported that dietary tomato powder supplementation at 0.5 

and 1% could linearly decrease MDA concentration in yolk. MDA concentration is 

main indicator of oxidative stability in food. High concentration of MDA means 

that the food had more oxidative reaction. Akdemir et al. (2012) also mentioned 

that dietary tomato powder supplementation not only decrease MDA 

concentration, but also increase lycopene, β-carotene, and lutein concentration in 

yolk. From this finding, it could be underlined that antioxidant compound in 

tomato powder could be transferred to the yolk, and then may act as antioxidant 

to improve oxidative stability of egg. In another study, it was also reported that 

addition of tomato could produce lycopene rich-quail egg (Karadas, 

Grammenidis, Surai, Acamovic and Sparks, 2006; Benakmoum, Larid and Zidani, 

2013). Moreover, Sahin, Akdemir, Orhan, Kucuk, Hayirli and Sahin (2008) 
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reported that consumption of quail egg rich in lycopene could increase serum 

lycopene and decrease MDA concentration in human. 

 Not only had an important role to improve oxidative stability of poultry 

product, antioxidant compound of tomato also had potency to improve 

reproductive performances of poultry. Mangiagalli, Martino, Smajlovic, 

Guidobono and Marelli (2010) reported that addition of lycopene could improve 

sperm volume, concentration, and viability of cockerels. Triques, Schmidt, Oro, 

Bordignon, Donin, and Fernandes (2016) reported that commercial diet 

supplemented with antioxidant mixture (consisted of lycopene, canthaxanthin, 

and vitamin C) had higher percentage of normal sperm compared to commercial 

diet without antioxidant supplementation. In another study conducted by 

Sudjarwo, Achmanu and Widodo (2011), it has been proven that diet 

supplemented with tomato powder could improve sperm concentration, motility, 

viability, and percentage of live sperm. This positive effect of tomato powder or 

lycopene may contribute to the improvement of fertility and hatchability of poultry. 

As previously noted by Sun, Ma, Zhang, Su, Xie and Bi (2014) who find that 

lycopene supplementation in Xing-hua breeding hens diet could improve fertility 

and hatchability of total egg. 

 

2.7. Ducks 

 Duck rising is a promising livestock industry to provide egg for human 

consumption (Rajput, Singh, Ghosh and Nema, 2014). Weight of ducks egg are 

relatively heavier (60-65 g) as compared to chicken egg (55-60 g). Ducks also 

more adaptable to the different environmental condition and need more simple 

housing compared to chicken (Narahari, 2009; Achmanu and Muharlien, 2011). 



15 
 

 According to Indonesian Directorate General of Livestock and Animal 

Health Service (2016), ducks is the second largest egg producer after 

commercial laying hens. In the year of 2016, ducks egg production was about 

290.1 thousand tons, compared to eggs from laying hens with 1.43 billion tons. 

Other types of poultry was relatively produce lower amount of egg including 

native chicken (196.1 thousand tons), muscovy duck (33.7 thousand tons), and 

quail (22.7 thousand tons). 

 Indonesian local ducks (Anas javanica) were a progeny from wild Mallard 

which have already been domesticated since a long time ago. Some type of 

laying ducks in Indonesia including Karawang ducks, Mojosari ducks, Tegal 

ducks, Magelang ducks, Bali ducks (Anas sp.), Alabio ducks (Anas platyrynchos 

Borneo) and Khaki Campbell ducks (Septyana, 2008). They were generally 

laying-type ducks with sexual maturity achieved at the age of 20-22 weeks. 

Production period of these ducks approximately 15 months (Prasetyo, Ketaren 

and Hardjosworo, 2006). Beside producing table egg for human consumption, 

they also could be used to produce hatching egg. One of the important factor in 

breeder duck to obtain good reproductive performance is sex ratio. Narahari 

(2009) suggested that in intensive rearing system, optimum sex ratio of breeder 

duck to obtain good fertility and hatchability is 1:6 (male : female). Similarly, 

Achmanu and Muharlien (2011) also noted that optimum sex ratio in duck is 1:6 

(male:female). 

Feed is the most important factor affecting performance of ducks. There 

were several nutrient requirement standard which could be used to formulate 

feed for duck including Indonesian National Standard (SNI), Leeson and 

Summers (2005), and National Research Council (NRC, 1994). Metabolizable 

energy and crude protein content are major important consideration in feed 
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formulation. As can be seen on Table 4, according to SNI (2006), requirement of 

metabolizable energy and crude protein content for duck in laying phase were at 

least 2650 kcal/kg and 15%, respectively. Leeson and Summers (2005) noted 

that requirement metabolizable energy and crude protein content for duck in 

breeding phase were 2850 kcal/kg and 16%, respectively, while NRC (1994) 

suggested that metabolizable energy and crude protein content for duck in 

breeding phase were 2900 kcal/kg and 15%, respectively. 

Table 4. Nutrient Requirement of Ducks in Laying/Breeding Phase 

Nutrient SNI (2006) 

Leeson and 

Summers 

(2005) 

NRC 

(1994) 

Metabolizable Energy (kcal/kg) Min. 2650 2850 2900 

Crude Protein (%) Min. 15.0 16 15.0 

Crude Fat (%) Max. 7.0 n.d n.d 

Crude Fiber (%) Max. 8.0 n.d n.d 

Ash (%) Max. 14.0 n.d n.d 

Calcium (%) 3.00 - 4.00 3.0 2.75 

Available Phosphorus (%) Min. 0.35 0.38 n.d 

Lysine (%) Min. 0.80 0.80 0.60 

Methionine (%) Min. 0.35 0.40 0.27 

Methionine + Cysteine (%) Min. 0.60 0.68 0.50 

Notes: Min.: minimum, Max.: maximum, n.d: no data 

 In a study conducted by Biyatmoko (2014), it was predicted that crude 

protein requirement for Alabio ducks in laying phase was 19%. This finding was 

in agreement with previous research, Huang, Lin, Lin, Lee, Lee and Wei (2008) 

reported that laying brown Tsaiya duck fed diet containing 19% of crude protein 

content had higher egg production, egg weight, and better FCR compared to 

those fed diet containing 17.5, 16, and 14.5% of crude protein content. 
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2.8. Laying Performance of Ducks 

2.8.1. Feed Intake 

 Feed intake is measured by calculating feed offered minus by feed refusal 

(Ahmad, Ahsan-ul-haq, Hussain and Siddiqui, 2010). Previous finding indicated 

that there were inconsistent effect of dietary oil supplementation on feed intake of 

laying ducks. In a study conducted by Chen and Hsu (2003), supplementation of 

refined cod liver oil at 2, 3, 4, 5, and 6% did not affect feed intake of laying Tsaiya 

duck. Feed intake of laying duck in those study ranged between 185.09 – 196.67 

g/bird/day. However in other study conducted by Darmawan, Wiryawan and 

Sumiati (2013), Magelang ducks fed diet containing different level of n-6: n-3 FA 

ratio + Zn had higher feed intake as compared to those fed control diet. In those 

research lower feed intake in control treatment may due to no oil addition in those 

diet, which may be affected lower palatability. 

Varied findings were also reported on the effect of carotenoid 

supplementation on feed intake of laying ducks. Ren, Jiang, Zeng, Ding, Bai, 

Wang, Luo, Su, Xuan, Yao, Cisneros and Zhang (2016) noted that 

supplementation of dietary carotenoid in the form of canthaxanthin in combination 

with 25-hydroxycholecalciferol did not affect feed intake of duck breeders. In 

contrast, Indarsih, Asnawi and Purnamasari (2015), supplementation of green 

algae as natural xanthophyll source could improve feed intake of laying ducks. 

However, the increase of feed intake in those research may be more related with 

the decrease of metabolizable energy as a result of the increasing level of dietary 

green algae supplementation. 
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2.8.2. Hen Day Production 

Hen Day Production (HDP) is measured by calculating the total of egg 

produced divided by the number of birds in a similar day (Ahmad et al. 2010). 

Previously, Chen and Hsu (2003) reported that laying ducks fed diet containing 

refined cod liver oil had similar HDP as compared to those fed diet containing 

tallow. Similarly, Cheng, Ou, Shen and Ding (2006) also reported that 

supplementation of dietary algae oil rich in DHA content at the level of 0.5 and 

2% in laying ducks diet did not affect HDP. However, in a study conducted by 

Darmawan et al. (2013), laying ducks fed diet containing 1.8% fish oil + 3.2% 

palm oil + 200 ppm organic Zn had higher HDP compared to those fed control 

diet. 

Ren et al. (2016) conducted a study to evaluate the effect of two doses of 

vitamin premix and its combination with the mixture of canthaxanthin and 25-

hydroxycholecalciferol in duck breeder. Those study found that neither vitamin 

premix nor the mixture of canthaxanthin and 25-hydroxycholecalciferol affect 

HDP of duck breeder. In contrast, Indarsih et al. (2015) reported that the use of 

dietary green algae at the level of 2 and 4% could improve HDP of laying ducks. 

 

2.8.3. Egg Weight 

 Egg weight is measured by weighing egg in a daily basis (Ahmad et al. 

2010).  In a study conducted by Chen and Hsu (2003), dietary refined cod liver oil 

supplementation at the level of 2, 3, 4, 5, and 6% had similar egg weight 
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compared to control diet. Cheng et al. (2006) also reported that dietary algal DHA 

oil had no effect on egg weight of laying duck. Those research reported that 

average egg weight was ranged between 63.9 – 67 g. Similarly, Darmawan et al. 

(2013) reported that there were no effect of dietary mixture of fish oil, palm oil, 

and Zn on egg weight of laying ducks. 

Ren et al. (2016) reported that there were no effect of two doses of 

vitamin premix and its combination with the mixture of canthaxanthin and 25-

hydroxycholecalciferol on egg weight of duck breeder. In agreement with this 

finding, Indarsih et al. (2015) also noted that dietary green algae supplementation 

had no effect on egg weight of laying ducks. 

 

2.8.4. Egg Mass 

 Egg mass is measured by calculating HDP multiplied by egg weight 

(Andri, Sukoco, Hilman and Widodo, 2016a). In previous finding, dietary refined 

cod liver oil supplementation did not give effect on egg mass of Tsaiya duck 

(Chen and Hsu, 2003). Ren et al. (2016) reported that supplementation of vitamin 

premix and the mixture of canthaxanthin and 25-hydroxycholecalciferol did not 

have any effect on egg mass of duck breeder. 

 In a study conducted by Ruan, Lin, Chen, Wang, Xia, Fouad and Zheng 

(2015) egg mass of Longyan laying ducks fed different dietary levels of rice bran 

were 51.2 – 53.8 g/bird/day. Chen, Wang, Zhang, Ruan, Xia, Cui, Zheng and Lin 

(2017) reported that egg mass of Longyan laying ducks fed supplemented with 

different levels of zinc were 54.4 – 59.9 g/bird/day. 
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2.8.5. Feed Conversion Ratio 

 Feed Conversion Ratio (FCR) is measured by calculating feed intake 

divided by egg mass (Andri et al. 2016a). Chen and Hsu (2003) reported that cod 

liver oil supplementation in laying ducks diet did not give effect on FCR. 

Darmawan et al. (2013) reported that laying ducks fed diet containing 2.9 of n-6: 

n-3 FA ratio had lower FCR as compared to control diet. 

 In a study conducted by Indarsih et al. (2015), supplementation of green 

algae in laying ducks diet at the level of 2 and 4% did not have any effect on 

FCR, however supplementation of green algae at the level of 8% had negative 

effect on FCR. In another study conducted by Ren et al. (2016), dietary 

canthaxanthin and 25-hydroxycholecalciferol supplementation had no effect on 

FCR of duck breeder. 

 

2.8.6. Income Over Feed Cost 

 Income Over Feed Cost (IOFC) is measured by calculating revenue from 

selling egg substracted by feed cost (Darmawan, 2013). In a study conducted by 

Ren et al. (2016), it was reported that HDP of duck breeder was 82.7%, while 

feed intake was 239 g/bird/day. From these data, it could be estimated that IOFC 

of duck breeder according to current egg and feed price as follow: 

 Revenue from selling egg 
= 82.7% x 2,000 IDR (current egg price) 
= 1,654 IDR/bird/day 

 

 Feed cost 
=0.239 x 5,404 IDR (current feed price) 
= 1,291 IDR/bird/day 
 

 IOFC 
= 1,645 – 1,291 
= 354 IDR/bird/day 
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 From these calculation, it could be explained that IOFC from duck breeder 

was 354 IDR/bird/day. In addition, Darmawan (2013) reported that fish oil 

supplementation at the level of 5% had IOFC of ducks egg, which was destine for 

human consumption, in the amount of 241 IDR/bird/day. 

  

 

2.9. Egg Quality of Ducks 

2.9.1. Shell Weight 

 Shell weight is measured after separation from albumen and yolk 

(Englmaierová, Skřivanová and Skřivan, 2014). Previously, Darmawan et al. 

(2013) reported that addition of fish oil and palm oil mixture in combination with 

organic Zn in laying ducks diet did not affect shell weight. Similarly, Darmawan, 

Sumiati, and Hermana (2016) also reported that addition of fish oil and Indigofera 

sp. did not affect shell weight of laying duck. 

In another study, Ren et al. (2016) evaluated the effect of two different 

doses of vitamin premix and its combination with the mixture of canthaxanthin 

and 25-hydroxycholecalciferol. Those study reported that neither two different 

doses of vitamin premix nor the mixture of canthaxanthin and 25-

hydroxycholecalciferol affect shell weight of duck breeder.  

 

2.9.2. Albumen Weight 

 Albumen weight is measured by calculating egg weight minus by shell 

weight and yolk weight (An, Guo, Ma, Yuan and Liu. 2010). Previously, 

Darmawan et al. (2013) conducted a study to evaluate the effect of laying ducks 

diet with different n-3/n-6 ratio and organic Zn addition. Those study reported that 
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dietary treatments did not had any effect on albumen weight of laying duck. In 

another study, Darmawan et al. (2016) reported that addition of fish oil had 

positive effect on albumen weight, while addition of Indigofera sp. showed a dose 

dependent effect on albumen weight of laying ducks. 

Chen et al. (2017) reported that zinc supplementation had no effect on 

albumen weight of Longyan laying duck. In another study, Palupi and Lubis 

(2016) also mentioned that the use of Indigofera zollingeriana top leaf meal did 

not affect albumen weight of Pegagan laying ducks. 

 

2.9.3. Yolk Weight 

 Yolk weight is measured after separation from shell and albumen 

(Englmaierová et al. 2014).  Darmawan et al. (2013) conducted a study to 

evaluate the effect of diet containing different n-6: n-3 FA ratio in Magelang duck. 

Those study reported that there were no effect of dietary treatments on yolk 

weight of Magelang duck. Similarly, Chen and Hsu (2003) also reported that 

dietary cod liver oil did not give any effect on yolk weight of laying duck. Cheng et 

al. (2006) also noted that laying ducks fed diet containing algal oil had similar 

yolk weight compared to those fed control diet. 

Darmawan et al. (2016) conducted a study to evaluate the effect of fish oil 

and Indigofera sp. supplementation in Magelang duck. In those study, Indigofera 

sp. was used as source of vitamin A and β-carotene. Those study reported that 

fish oil supplementation had a negative effect on yolk weight, while dietary 

Indigofera sp. supplementation had a dose dependent effect on yolk weight. 

Supplementation of Indigofera sp. at the level of 5.5% had higher yolk weight 

compared to control, otherwise supplementation at the level of 11% had lower 

yolk weight compared to control. Chen and Hsu (2004) reported that addition of 
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fish oil either as single or in combination with vitamin E had no effect on yolk 

weight of laying duck. Ren et al. (2016) reported that dietary canthaxanthin and 

25-OH-D3 supplementation in duck breeder’s diet did not have any effect on yolk 

weight. 

 

 

 

2.9.4. Haugh Unit 

 Haugh unit is a parameter which usually used as an indicator of egg 

freshness (Pappas, 2005). Haugh unit is measured by using the formula of 100 x 

log (albumen height - 1.7 x egg weight0.37 + 7.57) (Andri et al. 2016a). Darmawan 

et al. (2013) reported that ducks fed diet containing different ratio of n-6: n-3 FA 

had no effect on Haugh unit. 

 In another study, the use of green algae in Mojosari ducks diet did not 

affect Haugh unit (Indarsih et al. 2015). Ren et al. (2016) noted that the use of 

diet containing the mixture of canthaxanthin and 25-OH-D3 had no effect on 

Haugh unit of duck breeder. 

  

2.9.5. Yolk Color Score 

 Yolk color score is one of the important parameter for consumer 

preference. This variable is measured using yolk color fan with the scale of 1 – 

15 (Darmawan et al. (2016). In a study conducted by Darmawan et al. (2013), 

diets containing different ratio of n-6: n-3 FA and organic Zn had no effect on yolk 

color score of laying duck. In another study, Darmawan et al. (2016) also 

reported that both of fish oil and Indigofera sp. had positive effect on yolk color 

score of laying duck. 
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 Ren et al. (2016) noted that duck breeder fed diet containing the mixture 

of canthaxanthin and 25-OH-D3 had better yolk color score compared to diet with 

no canthaxanthin and 25-OH-D3. Similarly, positive effect of other carotenoid 

source supplementation on yolk color score also reported by Indarsih et al. 

(2015). Those study reported that dietary green algae, which is used as natural 

xanthophyll source, could increase yolk color score in laying duck. 

 

2.9.6. Yolk Fatty Acid Profile 

 Yolk fatty acid profile is the main variable observed on the evaluation of 

dietary oil supplementation in laying duck. Chen and Hsu (2003) reported that 

addition of cod liver oil could increase EPA, DHA, and total n-3 FA content in the 

yolk. Similarly, Du, Liu, Lu, Wang, Zeng, Tian, Xu, Shen, Niu and Lu (2016) also 

reported that dietary fish oil could increase yolk EPA, DHA, and total n-3 FA 

concentrations. Liu, Lai, Lu, Shi, Zhang, Liu, Yu, Tao, Shen, Li, Wang, Li and 

Tian (2011) also reported that dietary fish oil treatment had higher yolk DHA 

content compared to dietary sunflower oil, palm oil, and beef tallow treatment. 

 In another study, Darmawan (2013) reported that the decrease of the ratio 

of n-6: n-3 FA in diet of laying ducks through fish oil supplementation could also 

decrease the ratio of n-6: n-3 FA in the yolk. In a study conducted by Hardini, 

Yuwanta and Zuprizal (2006), it was noted that the best ideal ratio of n-6 and n-3 

FA in ducks egg was 1:5. The use of those egg in the diet of 

hypercholesterolemic rats could reduce blood cholesterol. This finding indicated 

that the consumption of n-3 egg had a potency to improve health status for 

consumer. 

 

2.9.7. Yolk Peroxide Value 
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 One of the major important consideration of fish oil usage in poultry 

nutrition is susceptibility of the egg produced to be oxidize. Yolk peroxide value is 

one of the variable which could be used to show the oxidative stability of the egg. 

To date observation on peroxide value of yolk of laying duck is still very limited. 

King, Hugo, de Witt, van der Merwe and Fair (2012) conducted a study to 

evaluate the effect of different dietary lipid supplementation on laying hens. 

Those study reported that laying hens fed diet containing fish oil had higher yolk 

peroxide value compared to those fed control diet and diet containing sunflower 

oil, high oleic-sunflower oil, and tallow. This finding indicated that dietary fish oil 

could decrease oxidative stability of the egg. 

In another study, Hardini (2006) found that peroxide value of n-3 egg was 

change during processing. Fried n-3 egg had higher peroxide value compared to 

boiled egg. In those study, the best processing method of n-3 egg was boiling 

under 100oC for 10 minutes, which resulting peroxide value in the amount of 4.6 

meq/kg. 

Akdemir et al. (2012) reported that dietary tomato powder 

supplementation in laying hens diet could be used as dietary antioxidant to 

increase oxidative stability of the egg. In another study, lycopene content in the 

diet could be transferred into the yolk (Sun et al. 2014) which might had 

protective role against lipid peroxidation. 

 

2.10. Reproductive Performance of Ducks 

2.10.1. Fertility 

 Fertility is measured by dividing the amount of fertilized egg by the 

amount of settable egg and multiplied by 100% (Ren et al. 2016). Dewanti, 
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Yuhan and Sudiyono (2014) reported that egg weight and turning frequency did 

not affect fertility of Indonesian local duck, which was ranged from 76.90 – 

92.30%. 

 Widiyaningrum, Lisdiana and Utami (2016) reported that fertility of 

Indonesian local ducks did not affected by different management system 

(extensive and semi-intensive). In a study conducted by Ren et al. (2016), it was 

reported that the use of canthaxanthin and 25-OH-D3 mixture had no effect on 

fertility of duck breeder. 

 

2.10.2. Hatchability 

Hatchability can be measured in terms of hatchability of fertile eggs and 

hatchability of total eggs sets. Hatchability of fertile egg (%) is measured by 

dividing the amount of hatched egg by the amount fertilized egg and multiplied by 

100%, while hatchability of total eggs set (%) is measured by dividing the amount 

of hatched egg by the amount of eggs set and multiplied by 100% (Ren et al. 

2016). 

Dewanti et al. (2014) reported that egg weight and turning frequency had 

no effect on hatchability of duck. Ren et al. (2016) reported that supplementation 

of canthaxanthin + 25-OH-D3 did not affect hatchability, but the use high dose of 

vitamin premix could increase hatchability in duck breeder. 

  

2.10.3. Hatched Duckling Weight 

Hatched duckling weight is measured by weighing hatched duckling after 

the feather of duckling become dry (Dewanti et al. 2014). It was reported that the 
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increase of egg weight could increase hatched duckling weight (Dewanti et al. 

2014). 

Ren et al. (2016) reported the both of vitamin premix doses and the 

mixture of canthaxanthin + 25-OH-D3 supplementation in duck breeder had no 

effect on hatched duckling weight. Awad, Fahim, Ibrahim and Beshara (2014) 

reported that dietary betaine supplementation did not affect hatched duckling 

weight. 

 


