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Free Choice Feeding on the Quality of Quail Eggs (Coturnix coturnix-japonica)
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Abstract. Quail is one of the potential sources of animal protein from poultry as egg producers. An egg contains complete nutrients, namely protein, fat, vitamins, and minerals. As food, eggs must be maintained both physically and chemically to be safe for consumption. This study aimeds to examine the effect of selective feeding on the quality of quail eggs. This research was carried out at Percut Sei Tuan Subdistrict, Deli Serdang Regency, North Sumatra, which had been implemented from August to November in 2018. The study used a completely randomized design with 4 treatments and 5 plots. The study used egg samples from quail aged five (5) months. The treatment consists of Commercial feed (T0), 2 energy source feed (rice bran, corn) with 2 (T1), 3 (T2), 4 (T3) protein source feeds (fish meal, soybean meal, coconut meal, Poultry Meat Meal). The results showed that the treatment gave a significant effect (P<0.05) on egg weight, albumen, and eggshell weight, commercial feed showed eggs weight higher than free choice feeding treatments, while among free choice feeding treatment did not show significant effect. The free choice feeding treatment has a significant effect on the yolk weight, where T2 has the lowest yield. Percentage of yolk, albumen, quail eggshell and egg index, egg yolk index, albumen index, haugh unit and quail yolk color did not show significantly different (P>0.05) among treatment. It can be concluded that the commercial feed showed higher egg weight but had no significant effect (P>0.05) on the proportion of eggs and the interior quality of quail eggs, while among free choicee feeding treatment has no effect.
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1. Introduction
Quail eggs have good quality because they contain protein around 13% per 100 grams, where as chicken egs only comprise of 12% protein per 100 gram eggs. Therefore, the increase of both production and quality of the quail-consuming eggs is necessity to be done to support the needs and supply of animal protein from livestock and be affordable to the community [1].
In general, quail breeders provided a complete feed from feed companies or make their own rations while the breeders have a limited knowledge on the type of feed material that are suitable for the quails. This problem causes livestock have no chance to choose proper feed

ingredients which results in the time to start laying eggs become too late. Therefore,, we need to reevaluate quail nutritional standards by examining the free choice feeding pattern.

The free choice feeding system is feeding with various types of feed which aimed to provide quails with greater opportunities to choose the preferred type of feed, especially related to nutrient fulfillment based on their physiological needs. Based on the ability of quails to choose these foods will provide a more detailed picture of the nutritional needs of quails, especially the energy and protein ratio at each stage of growth in the intensive maintenance system. 
So far, free choice feeding of quails (Coturnix coturnix japonica) has not been widely studied, therefore research needs to be done to determine the actual preferences and needs of quails and how the influence of free choice feeding on the quality of the interior and exterior of the eggs produced.

2. Methodology
2.1. Materials and Equipment
The study was conducted at Jalan Pendidikan I, Gang Sugeng, Sei Rotan Village, Hamlet X, Pasar XI RT 3, Percut Sei Tuan Subdistrict, Deli Serdang Regency, North Sumatra. The quails were raised for 4 months starting from August to November in 2018. Research using eggs taken at the peak of production of quail. The raised quail animals was given selective feed for 4 months, with 7 (seven) various feed ingredients: complete feed, bran, corn, fish meal, soybean meal, coconut meal, and Poultry Meat Meal (PMM). The equipments in this research were battery cage, food container, drink container, lighting, electric scales, electric thermometer (0C), Yolk color fan, petri dish, stationery and others.
2.2. Methodology
The method used was a non-factorial completely randomized design (CRD) with one factor namely feed energy source which consists of 4 levels:
T0
=

Commercial feed ration (control)
T1
=

2 types of energy sources (bran, corn) + 2 types of protein sources (fish meal, soybean meal);

T2
=
2 types of energy sources (bran, corn) + 3 types of protein sources (fish meal, soybean meal, coconut meal);

T3
=
2 types of energy sources (bran, corn) + 4 types of protein sources (fish meal, soybean meal, coconut meal, Poultry Meat Meal (PMM).
 

This study used 240 female quails which were kept in 20 cage units for 20 weeks, in which each unit was filled with 12 quails. The sample used is all eggs obtained in a day from every treatment that is available and taken on the same day.
2.3. Preparation of the Cage
The cage used in the study was a battery enclosure. Before using the cage, it was cleaned by sanitizing the cage, which washed with clean water and sprayed with disinfectant. Quail placed in a battery enclosure measuring of 120 x 50 x 40 cm3 consists of 20 units. Each unit consists of 12 quails. The cage was made with a combination of ram wire and wood which completed with a feed and drink container, feces container, and a pedestal that was made slanted so that the eggs laid the quail would roll out and collected in one place.

Feed container placed in the cage. Each feed ingredient was placed in one place so that each quail could access all six types of feed ingredients easily. Maintenance was carried out for 16 weeks. Quail were cared and fed once a day in the afternoon. Drinking water was given in ad libitum.
2.4. Feeding the Quails
Feed used for maintaining that would be carried out, namely some feed ingredients, namely, commercial feed, bran, milled corn, fish flour, soybean meal, coconut meal, and Poultry Meat Meal (PMM). Feed ingredients were given in ad libitum. Each type of feed ingredients would be given every day at 15:00 WIB until finished and placed in different feed container and placed in each cage according to the order of treatment used at the time of the study.
2.5. Collection of Quail Eggs

Collection of quail eggs was done every afternoon at 18:30 WIB after feeding.
2.6. Determination of Quail Eggs Quality
a. Egg weight [2]

The eggs were weighed using a digital scale and recorded.

b. Egg index (Shape Index) [3]

The egg index was measured by determining the weight, length and width of the egg. Measurement of length and width using a Caliper and weight with digital scale. The values obtained were calculated using formulas according to [4] as follows:
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c. Yolk Index [5]
The index value of yolks was obtained by breaking all quails eggs obtained as samples from each experimental unit. The calculation of the yolk index was determined by measuring the height and diameter of the yolk using a tool, namely, calipers. Then the values obtained are calculated using formulas according to [6] as follows:
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where:

D1 : long diameter of yolk.

D2 : short diameter of yolk

d. Albumen Index [7]

The albumen index is the ratio of the height of the thick albumen to the longest and shortest of diameter average of albumen. The albumen is divided into two parts, namely: albumen 1 thick in form close to the egg yolk and albumen 2 in the outermost position and very runny. The method of measuring albumen is done by breaking the egg and placing it on a flat glass, then measuring the albumen height, long diameter of albumen 1 and short diameter of albumen 1 using a caliper (calipers), then the values obtained are calculated using formulas according to [6] as follows:
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Where:

D1: long diameter of albumen.

D2: short diameter of albumen
e. Haugh Unit (HU) Value [8]

HU value was a measurement of albumen height and egg length. Eggs already weighed using digital scales, than broken down, the egg fragments were placed on a flat glass then the albumen height was measured using a caliper. Calculation of the value of Haught Unit (HU) quail eggs using formulas according to [9] as follows:
HU = 100 log (H + 7.57 - 1.7 W 0.37)

Where:

HU
=
Haugh Unit

H
=
Albumen Height

W
=
Egg Weight

f. Percentage of albumen weight [10]

Albumen weight (g) was obtained from the difference between egg weight and the sum of yolk weight (g) and eggshell weight (g). Albumen weight percentage was calculated using the formula:
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g. Percentage of yolk weight [10]

The weight of the yolk (g) was obtained by weighing the yolk that has been separated from the egg white. The percentage of egg yolk weight was calculated using the formula:
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h. The color of yolk [11]

Color measurement was done by comparing the yolk color with Egg Yolk Color Fan which has a color scale standard of 1-15.

i. Eggshell weight percentage [10]

Eggshell weight (g) was obtained by weighing the eggshells after being separated from the contents of the egg. The percentage of eggshell weight is calculated using the formula:
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j. Shell thickness (mm) [10]

Shell thickness was obtained by measuring shell thickness by using a micrometer/calipers and measuring the blunt, middle, and pointed ends of the egg and then being averaged.
2.7. Data Analysis
This study used a completely randomized design (CRD) method consisting of 4 treatments and 5 plots. Each experimental unit consists of 12 quails. The mathematical model used is as follows:
Yij = μ + τi + εij

Information:

Yij
=
Feed energy source treatment to-i and replicaton to-j

Μ
=
General average

τi
=
Effect of the treatment to-i

εij
=
Error treatment to-i replication to-j

Data were analyzed using the SPSS program for analyzing of variance (ANOVA). If the results are significantly different, it is further tested by the Duncan test [12].
3. Results and Discussion

The results of the observed weight and egg composition (egg weight, yolk weight, albumen weight, eggshell weight, yolk percentage, albumen percentage, eggshell percentage) are presented in Table 1.

Table 1. Average Results of Egg Weight and Composition of Quail Eggs
	Average + Sd
	Treatment

	
	T0
	T1
	T2
	T3

	Weight and physical composition of egg weight quail eggs (g/grain)
	10.36c+0.45
	9.47ab+0.40
	8.91a+0.66
	9,47b+0,80

	Weight of yolk (g/grain)
	3.69b+0.13
	3.67b+0.08
	3.32a+0.15
	3.78b+0.44

	Weight of albumen (g/item)
	5.76b+0.39
	5.08a+0.26
	4.86a+0.53
	4.91a+0.62

	Weight egg shell (g/grain)
	0.90b+0.03
	0.78a+0.07
	0.71a+0.06
	0.77a+0.13

	Percentage of quail yolk (%) ns
	35.72+1.61
	38.43+0.78
	37.22+2.42
	40.27+4.27

	Percentage of quail albumen(%)ns
	55.27+1.61
	53.33+1.49
	54.70+2.53
	51.66+3.92

	Percentage of shells eggs (%) ns
	8.74+0.24
	8.23+0.82
	8.08+0.34
	8.07+1.27


Note:
T0 = Commercial feed ration (control); T1 = 2 types of energy sources (bran, corn) + 2 types of protein sources (fish meal, soybean meal); T2 = 2 types of energy sources (bran, milled corn) + 3 types of protein sources (fish meal, soybean meal, coconut meal); T3 = 2 types of energy sources (bran, milled corn) + 4 types of protein sources (fish meal, soybean meal, coconut meal, Poultry Meat Meal (PMM)

ns  = Not Significant (P>0.05) | (Percentage of quail yolk, albumen, shells eggs).
3.1. Weight and Physical Egg Composition
a. Weight of quail egg 
The results of the study with average feed and protein consumption for each treatment T0, T1, T2, T3, which is 23.05; 17.39; 15.50; 21.19 g/head/day and 4.05; 3.40; 3.11; 3.75 g/head/day (Appendix 1.). The data show that the highest consumption was found in T0 treatment. Where the highest average value of quail protein consumption was also found in the T0 treatment, which was 4.05 g/head/day with the use of commercial feed. T3 with the use of four (4) sources of the most protein that has the most average amount of protein consumption of 3.75 g/head/day, which is not sufficient to be able to equalize the egg weight produced in the T0 treatment, which is commercial feed ration. [13] in his study stated that protein consumption of 3.49 grams/head/day has been sufficient to fullfill basic life, growth and egg production. From the statement it can be seen that all treatments are sufficient to fullfill quail protein needs, but cannot be compensate for the weight of the eggs produced by treatment T0.
According to [14] quail eggs weigh around 10 g/grain (about 8% of the parent body weight) up to 11.91 g/grain [15]. However, the egg weight of in this study was below the average, in which the T1, T2, produced eggs with weight of 9.47, 8.91, and 9.47 g/grain, respectively. T0 contains the highest protein consumption, therefore, the lower daily protein consumption of treated quail in the free choice feeding treatment was also in line with the weight of the resulted eggs. 
The source of crude protein in this study was obtained from 32.78% fish meal, soybean meal 45.44%, coconut meal 16.75%, Poultry Meat Meal (PMM) 14% along with commercial feed 19.56%. We can know that the crude protein contained in feed ingredients used as a source of protein has non-significant effect (Appendix 1.), because the crude protein content of all feed ingredients used is not less than 11% and the quantity of feed consumed by quails also affects on egg weight. This is in accordance with previous study [16] stating that 13 – 17% protein does not significantly affect egg weight. The amount of more than 17% can increase egg weight [17]. Meanwhile, rhe decrease in the weight of eggs occurs if the protein content in the feed is less than 11%. This is in line with previous study [18] which states that quail egg weight is not only influenced by the quantity of rations consumed, but also the quality of rations, especially the protein content. Protein deficiency will result in a decrease in the both size and number of albumen of the egg [19].
b. Yolk weight
The average value of yolk weight at the free choice feeding (T3) was 3.78 g/grain, which was higher than egg with commercial feed treatment (3.69 g/grain). The weight of normal yolk is 2.4 – 3.3 g/grain [16] However, the yolk weight obtained in this study was different. There are many factors could affect the size of the yolk: weight, age, quality, and quantityof feed, disease and environmental conditions include the housing system, and enviromental temperature [20]. Additionally, it was strongly influenced by the development of the ovary that produces ovum. In this study, quail used was the quail with the same age and species. Therefore, the same poultry strain should have similar physiological ability in the formation of yolk [21]. As the quantity of feed, especially protein consumption, also greatly affects the size of yolk, the daily feed consumption of each treatment in sequence (23.05; 17.39; 15.50; 21.19 g/head/day), would be in line with the change in average yolk weight. 
c. Weight of albumen
The normal quail albumen wieght is 4.1 – 6 g/grain [16]. It can be seen from Tabel 1 that the average albumen weight of the treatment with commercial feed ration and free choice feeding (T3) was 5.76 g/grain and 4.91 g/grain, respectively. The constituent components of albumen according to [22] are water (88%), protein (9.7 - 10.6%), fat (0.03%), carbohydrates (0.4 - 0.6%), and ash (0.5 - 0.6%). Therefore, the largest component of albumen is water and followed by protein. Protein cannot directly control the changes in albumen weight. If consumption of protein is low, small yolk will form [23]. The percentage of albumen is inversely proportional to the yolkweight.
d. Weight of Quail Egg Shell 
Based on Table 1 it can be seen that the average eggshell weight with commercial feed ration treatment was 0.90 g/egg and free choice feeding (T3) treatment decreased 0.77 g/grain. All eggshell weight in this study were corresponded to the normal weight of the quail egg shell which is around 0.56 - 0.9 g/egg. [33] stated that the main nutritional factors associated with eggshell quality are calcium, phosphorus, and vitamin D. However Ca and phospor basal of calcium is the most important nutrient in the formation of the shell. Eggshell occurs during the dark phase when inactive poultry eat and the source of calcium became a food reserve in the digestive tract and cartilage that affects eggshell formation and is supported by [19] several factors that can cause eggshell quality problems they are genetic, age of poultry, high environmental temperature, food and disease. The age of poultry is influenced by the formation of eggshell.

e. Percentage of quail yolk
The weight percentage of yolk is normally 30 – 33% [16]. Quail yolk in this stufy seemed to be higher than the normal weight: 35.72 with treatment of commercial ration and 40.27% if being fed with free choice feeding (T3). The larger quali yolk occurs because the most important factor in the ration that affects the weight of the egg is protein. Approximately 50% of the yolk weight is protein, therefore, the weight and size of the yolk in eggs are also influenced by the consumption of protein in the ration. Protein consumption in the treatment with commercial feed ration is more than that of in the free choice feeding. This is in accordance with the statement by [23] which stated that low protein consumption will form a small yolk.

f. Percentage of albumen
The average of albumen weight with commercial feed ration treatment was 55.27% and with the free choice feeding was 53.23%. This values are in accordance with the normal albumen, amounting 52% - 60% [16]. The percentage of quail albumen weight was not significantly different in this study. The similar value is related to the same strains, age, and quail health, so the percentage of albumen weight did not differ amongst the treatment. The percentage of albumen weight will decrease with increasing of yolk weight. Thus, there is also no significant difference in the average percentage of yolk [20]. Storage can also affect the percentage weight of quail eggs, in which the weight of the egg will be lower with strorage time. It is according to the statement [25] stating that every addition of one day of storage will be followed by shrinking egg weight about 0.17%.

g. Percentage of Quail Egg Shells
The average value of quail eggshell weight percentage with a commercial feed ration treatment and free choice feeding (T3) treatment were 8.74% and t of 8.07%, respectively. The treatment have No. Significant effect on the eggshell, which was in the range 8 - 9 %. Eggshel normally account for 7% - 9% of egg weight [16]. Eggshell weight is influenced by the thickness of the eggshell and egg membrane. Moreover, eggshell thickness is influenced by the type of quail, age, feed given, feed consumption, and lighting use. [26] Eggshell quality is also influenced by the age, and consumption of quail feed.

Table 2. Average Results of Research on the Interior Quality of Quail Eggs
	Average+Sd
	Treatment
	

	
	T0
	T1
	T2
	T3

	Interior Quality of Eggs

Thickness of Eggshell (g/grain) ns
	0.15+0.03
	0.11+0.01
	0.15+0.04
	0.12+0.02

	Eggs Index (Shape Index) ns
	78.99+0.04
	77.49+0.01
	77.63+0.02
	77.27+0.01

	Yolk Index  ns
	0.37+0.01
	0.37+0.02
	0.37+0.02
	0.37+0.01

	Albumen Index ns
	0.04+0.003
	0.04+0,0009
	0.04+0.009
	0.05+0,009

	Haught Unit (HU) Quail Eggs ns
	86.72+1.47
	86.45+0.45
	86.71+2.49
	88.19+2.06

	Yolk Color ns
	5.55+0.45
	5.78+0.66
	5.11+0.85
	6.17+0.66


Note: T0 = Commercial feed ration (control); T1 = 2 types of energy sources (bran, corn) + 2 types of protein sources (fish meal, soybean meal); T2 = 2 types of energy sources (bran, milled corn) + 3 types of protein sources (fish meal, soybean meal, coconut meal); T3 = 2 types of energy sources (bran, milled corn) + 4 types of protein sources (fish meal, soybean meal, coconut meal, Poultry Meat Meal (PMM)

ns   = Not Significant (P > 0.05) | 
3.2. Interior Quality of Eggs
a. The thickness of quail eggshell
The average thickness of shellfish were not affected by feeding treatment. The shell tickness werenot very specific due to the same type of quail and quail age in this study. The thickness of the quail egg shell ranges from 0.11 to 0.15 mm with an average of 0.13 mm. The results were smaller compared to the normal quail eggshell, which is normally around 0.22 mm [1].

[27] repored that rations containing fiber will cause changes in the size of the digestive tract, making it heavier, longer, and thicker. The thickness of the eggshell is also influenced by the age of the livestock, environmental temperature, level of egg production, disease, genetic and energy and protein ration balances. Eggshell thickness can be determined by several factors, such asthe ability of egg absorption and mobilizing calcium and phosphorus [28]. Most of the constituent elements of the eggshell are calcium, magnesium, sodium, and carbon. The thicker the eggshell means the higher the Ca-stem.\

High temperatures will reduce the strength and thickness of the eggshell [29]. The eggshell quality will be optimal if the ambient temperature is between 16 - 21oC. The increased in environmental temperature will reduce egg weight and eggshell solidity. However, environmental temperature does not have a direct effect on the eggshell as the increase in environmental temperature will reduce feed consumption and calcium consumption, which then would affect the acid base balance in poultry blood [16]. To produce quality eggshells, the provision of protein in feed must be balanced with the provision of energy and minerals. In addition to the factors mentioned abouve, high environmental temperatures, especially above 29oC, can also affect the physical quality of eggs. Eggshell quality decreases with increasing age [20].
b. Egg index (shape index)
It can be seen from Table 2 that the average shape index was greater than 77, which indicating that an egg has a round shape, due to the type of quail used in this study. Eggs with relatively long and narrow (oval) at various sizes have a low egg index and short and wide (almost rounded) eggs show a high egg index. [30] reported that, the average value of the shape index with a round shape is above 77, the oval egg has a value of 69 - 77 and tapering below 69.

Quail egg shape is more rounded than the race chicken egg, the good quail hatched egg shape index is 79.2 [31]. Variations in the egg index result from egg rotation in the reproductive organs because of the rhythm of the reproductive tract pressure or are determined by the lumen diameter of the reproductive tract [16]. According to [32], the higher the egg index, the better egg quality with its round shape. Egg shape is one of the genetic elements derived from the mother to her child. The protein content of diet does not affect the egg shape, because it is most influenced by genetics. Each quail produces a typical egg index because the egg index is inherited [33].
c. Yolk index
Tabel 2 presents the average value of the Yolk Index. The eggs obtained showed that the eggs studied were fresh because the yolk index of 0.37, indicating that the eggs used in this study were in fresh condition, because the eggs used are eggs produced from the same day. This is in accordance with previous statement in which the fresh eggs have Yolk Index 0.33 - 0.50 with an average value of Yolk Index 0.42 [34]. The yolk index is a freshness quality index measured by the height and diameter of the yolk [35]. Yolk index value is also affected by temperature and egg storage time. The yolk index did not show a significant difference indicating that the application of the treatment does not affect the yolk index.
d. Albumen index
Table 2 shows that the average index of albumen was aruond 0.005, and treatment of free choice feeding has no effect on the albumen index. According to [36], the index of fresh albumen ranges from 0.050 - 0.174, indicating that the eggs used in this study were all in fresh condition. The diameter of the albumen of older eggs will be wider so that the index of albumen will be smaller [37].
[38] states that albumen is a picture of feed protein, as the protein ration affects the viscosity of the eggs which describes the quality of the egg's interior. The higher the protein ration, the albumen will be thicker. Ticker eggs are narrower in diameter of the albumen, which is resulted in higher albumen index. In this study, the various protein concentration  consumed by quail does not affect the albumen index. Protein consumption in each treatment is different where the amount of protein consumption is sequential, 4.05; 3.40; 3.11; 3.75 g/head/day. While metabolic energy consumption in each treatment differs sequentially, namely 56.15; 41.10; 37.32; 51.04 kcal/g/head/day (Appendix 1). From the results of the study [13], it can be seen that protein consumption and metabolic energy for quails during the production period of 3.49 grams/head/day and 50.55 kcal/head/day were sufficient to meet basic life needs.

So according to the statement above the average protein consumed by quail is sufficient for quail's daily energy needs but is not sufficient in T2. While the average metabolic energy (EM) consumed by quail in addition to the treatment of free choice feeding T1 and T2 is sufficient for the daily needs of quail. High protein consumption can lead to less efficient consumption of protein and is considered as less effective. Metabolism of proteins to form energy also requires a lot of energy, which is supported by high temperatures resulting in the production becomes less efficient. It is before that maximun enery use for production purposes can be achieved if the ratian contains balanced amino acids and other subtances [39]. Furthermore, [13] stated that the low energy consumption in poultry in the production phase could result in a decrease in production.

Storage can support the increase in the albumen index value. The albumen index decrease is due to CO2 gas in the egg experiences continuously evaporate so that egg quality decreases. The process of CO2 gas evaporation through the skin pores of the albumen causes physical and chemical changes, so that the albumen becomes runny (watery). More dilute egg white cause the albumen, lower in the height, which the indication of decrease of eggs [27].
e. Haught Unit (HU) quail eggs
Average Haught Unit (HU) for each treatment of T0, T1, T2, and T3 were 86.72; 86.45; 86.71 and 88.19, respectively and had no significant different from one another. This is because the eggs used and the data taken in the study were carried out on the same day so that the haught unit values of each egg were similar. In previous study, it was reported that AAA quality eggs have a HU value of more than 79, AA quality, 55-78 quality A, 60-72, quality B 31 - 54, and quality C is less than 30 [40]. Based on the HU in Tabel 2, it can be concluded that all eggs in this study have AAA quality. Longer storage time increases the HU because the evaporation of water and gas such as CO2 causes thick albumen to dilute [41]. Therefore, the treatment of free choice feeding did not affect the HU value of the quail eggs.

f. The color of yolk
The yolk egg color with free treatment choice feeding in this study were ranging from 5.11 and 6.17 (Table 2). The yolk color value of 4 – 6 is stated as bright yellow (4 – 6) in Yolk Color Fan (6 scales of egg yolk) can be stated as bright yellow (4 - 6) in Yolk Color Fan [42]. Eggs produced both using commercial feed rations and free choice feeding treatments gave no significant diffrence and were not included in the category of good quality eggs. In addition, if the color of the yolk reaches a score of 7 – 8, the egg will be classified into good quality. [19] Yolk color score is influenced by the content of nutrients in the feed, for example beta-caroteneand xanthophyll contained in feed. Beta-carotene is a carotenoid class compound that is unstable because it is easily oxidized to xanthophyll which functions as a dye for egg yolk.
The color of the yolk for each treatment was not significantly different. From the results of the study it was found that in the treatment of free choice feeding, corn was the most consumed feed ingredient (Appendix 1). Pigments carrying yolks are usually owned by yellow feed ingredients such as yellow corn [43]. Therefore, the increase in corn consumption raises the xanthophyll content which eventually affecting the yellow color of the yolk produced. The pigment giving the yolk color in the ration is physiologically absorbed by the digestive organs of the small intestine and circulated to the target organs that need it.

Egg pigments are carotene and riboflavin which are classified as lipochrome, namely xanthophyill, the color of the yolk is increasingly reddish orange [44]. Higher the carotene content causes the color of the yolk to get dark. Another factor that affects the color of the yolk is the length of storage. The color of the yolk changes more and more light along with storage. Long stored eggs will change the yolk color to fade. Long storage cause the dilution of the albumen, which is absorbed water from the albumen into the egg yolk so that the yolk becomes light and pale.

4. Conclusion and Suggestions
The treatment for feeding free choice feeding will reduce weight but does not affect the composition and interior quality of quail eggs. The free choice feeding treatment with 4 feed protein sources can offset the weight of the yolk treatment for commercial feed ration. Commercial feed is better than optionally feeding (Feeding Free Choice) which are 2 feed energy source mixed with 2, 3, or 4 feed protein sources. The application of free choice feeding to quails should use more feed ingredients as a source of protein favored by quails in order to compensate for the egg quality of the treatment of commercial feed rations.
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	Appendix 1. Average palatability for 16 weeks of research, Feed Consumption (g/head/day), Protein Consumption (g/head/day), Energy Consumption of Metabolism (EM) kcal/kg/day)

	Feed
	Treatment

	
	T0
	T1
	T2
	T3

	Commercial Feed
	100
	-
	-
	-

	Corn
	-
	54,43
	53,60
	46,12

	Rice Bran
	-
	6,06
	4,31
	2,83

	Soybean Meal
	-
	33,82
	27,00
	24,39

	Fish Meal
	-
	5,67
	4,67
	3,73

	Coconut Cake
	-
	-
	10,08
	5,71

	PMM
	-
	-
	-
	16,99

	Total
	100
	99,98
	99,66
	99,97


Feed Consumption (g/head/day)
	Treatment
	Replicaton
	Total
	Average

	
	R1
	R2
	R3
	R4
	R5
	
	

	T0
	23,92
	21,96
	22,16
	24,97
	22,25
	115,26
	23,05

	T1
	17,51
	19,26
	17,8
	14,9
	17,50
	86,97
	17,39

	T2
	17,21
	17,71
	17,3
	12,08
	13,23
	77,53
	15,50

	T3
	19,62
	21,84
	21,58
	20,63
	22,30
	105,97
	21,19


Protein Consumption (g/head/day)
	Treatment
	Replicaton
	Total
	Average

	
	R1
	R2
	R3
	R4
	R5
	
	

	T0
	4,21
	3,86
	3,90
	4,39
	3,91
	20,27
	4,05

	T1
	3,21
	3,62
	3,67
	2,87
	3,66
	17,03
	3,40

	T2
	3,40
	3,42
	3,44
	2,43
	2,86
	15,55
	3,11

	T3
	3,28
	3,60
	3,84
	3,95
	4,10
	18,77
	3,75


Energy Consumption of Metabolism (EM) ( kcal/kg/day)
	Treatment
	Replicaton
	Total
	Average

	
	R1
	R2
	R3
	R4
	R5
	
	

	T0
	58,27
	53,5
	53,99
	60,83
	54,2
	280,79
	56,158

	T1
	44,81
	50,31
	38,63
	35,86
	35,91
	205,52
	41,104

	T2
	42,14
	43,24
	40,72
	29,34
	31,18
	186,62
	37,324

	T3
	48,87
	53,42
	51,52
	48,62
	52,81
	255,24
	51,048
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