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			Abstract | The decrease in egg quality is mainly due to bacteria, evaporation of the egg contents, indicated by egg weight loss, Haugh Unit (HU), air cavity, and an increase in pH. This research aims to determine the best level of sour starfruit (SSF) extract on the shelf life of chicken eggs. A Completely randomized design (CRD) was used in a 3 x 3 factorial pattern with five replications. The Factors were the level of SSF (0%, 10%, and 20%) and storage time (2, 4, and 6 weeks). Data were analyzed according to the analysis of variance followed by the Least Significant Difference test (LSD). The parameters measured were the egg’s weight, air cavity, pH, and Haugh Unit of chicken eggs that were stored at room temperature for six weeks. The results showed that immersion in SSF and storage decreased (P<0.5) the HU and egg’s weight. While the air cavity and pH increased significantly (P<0.05). The treatment of 0% SSF, 10% SSF and 20% SSF decreased HU values (66.56 ± 0.84 - 58.22 ± 2.83), (63.33 ± 7.43 - 64.94 ± 3.49), (72.07 ± 2.10 - 68.64 ± 3.32) during storage. Likewise, the rate of egg weight loss increased successively (2.20 ± 0.11 - 5.91 ± 0.18), (1.18 ± 0.15 - 5.63 ± 0.47), (1.10 ± 0.03 - 3.80 ± 0.41) during storage. While the air cavity increased during storage successively (21.12 ± 0.23 - 26.12 ± 0.36), (19.08 ± 0.05 - 25.66 ± 0.32), (19.74 ± 0.24 - 24.00 ± 0.60). During storage, the pH was relatively constant. The study concluded that a 20% SSF and two weeks of storage was the best treatment to maintain the quality of chicken eggs based on the egg weight, air cavity, pH, and HU, and can extend the shelf life up to six weeks. The interaction between the level of 20% SSF and the Storage Time (ST) factor for two weeks was the best treatment based on the egg weight and pH.
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			INTRODUCTION

			 

			Raised chicken eggs are livestock products with nutrition content that the body need (Lestari, 2019). The yolk is the highest nutrition content of purebred chicken eggs. Moreover, the egg yolks contain essential amino acids and several minerals such as iron, phosphorus, calcium, and vitamin B complex (Mirnawati, 2018). The high nutrition content of broiler eggs not only has a very positive effect on the growth of children under five and increases the immune system of adults, but also hurts the length of shelf life of eggs (Ariyana et al., 2020). High nutrient content in eggs is a food ingredient that is very easily contaminated with microbes both directly and indirectly so that it can cause various kinds of damage and become one of the causes of the short shelf life of broiler eggs (Ariyana et al., 2020).

			 

			The shelf life of broiler eggs is affected by several factors, namely: the physical quality of fresh eggs both internally and internally (Thohari, 2018), handling methods (Saud, 2014), shell thickness, and storage temperature (USDA, 2000). Storage of eggs carried out in the open air (room temperature) will cause the quality and freshness of eggs to decrease (Syaifulloh et al., 2021; Cornelia et al., 2014; Fibrianti et al., 2012). The structure of the egg shell significantly affects the evaporation of water content through the pores of the eggshell, changes in the chemical composition of the egg, and the dilution of the egg contents (Djaelani, 2016).

			 

			Evaluation of the physical properties of the eggs seen from the size of the air cavity in the egg (Geveke et al., 2016); pH of egg whites and yolks; egg index, egg white, and yolk index (Wibawanti et al., 2017); and the Haugh Unit (HU) (Menezes et al., 2012). The formation of air cavities in eggs is affected by the difference in room temperature with the parent’s body temperature after being removed from the mother (Jazil, 2012). Fresh eggs have a pH of around 7 (Soekarto, 2013) and tends to increase to 9.0 - 9.7 after being store.

			 

			Chicken eggs circulating in traditional markets such as in the Bandar traditional market have a pH of around 7.59; The Manisrenggo market has a pH of 7.68 and the Setono Batik market has a pH of 8.02 (Afiyah and Rahmawati, 2017). Local chicken eggs stored at a temperature of 15 oC – 18 oC have a HU value of 72.80 - 89.96 (Lengkey et al., 2012), while those stored at room temperature around 30 oC – 32 oC have a HU value of 64.43 - 70.17 with an egg index value of 0.76 - 0.78 which was smaller than the ideal egg index of 0.80 (Afiyah and Rahmawati, 2017). Eggs stored at room temperature and circulated in traditional markets have an egg’s white index of 0.09 - 0.10 while an egg’s yolk index of 0.26 - 0.38. Eggs that are normal and fit for consumption have an egg’s white index of 0.050 - 0.134 with the egg’s yolk index of 0.330 - 0.458 (BSN, 2008).

			 

			Strategies to extend the egg shelf life can be done by soaking in various solutions. For example, in lime solution (Djaelani, 2016), immersion in lime water, and boiling water (Koswara, 2009), soaking using herbal ingredients such as guava leaf solution (Ernawati et al., 2019), and mangosteen rind extract (Tindjabate et al., 2014). Another herbal solution that has high potential as an ingredient for egg preservation is sour starfruit (SSF) extract because SSF contains 5.07 % tannins (Utami et al., 2020). The tannins contained in the SSF can cover the pores of the egg’s shell causes CO2 gas to inhibited, and microorganisms cannot enter the egg. The reaction between the protein in the egg shell and tannins form an impermeable layer to gases (Lestari et al., 2013). Other phytochemical substances contained in SSF are flavonoids, oxalate, phenol, and pectin that are function as anti-microbial substances (Mukhlisoh, 2010). In optimizing the use of SSF in the egg preservation process, a study was conducted to evaluate the physical properties of broiler eggs by immersion in SSF solution with different storage times.

			 

			MATERIALS AND METHODS

			 

			Research Material

			The materials used in the study consisted of: (1) Two hundred and twenty-five fresh chicken eggs with a weight range of 50-55 g obtained from UD farms Utama Adji East Lombok; (2) sufficient H2O; (3) sufficient CaCO3; and (4) SSF that is not yet ripe. The types of equipment used include digital scales, pH meters, calipers, depth micrometers, glass, egg trays, and thermohydrometers.

			 

			Research Methods

			Sour Starfruit Extract Preparation: The SSF was washed using running water, then sliced thinly and dried in the sun for about 16 hours. The dried SSF was boiled for 15 minutes at 80 oC. The boiling results were cooled and squeezed and filtered to take SSF. The SSF juice added with lime solution aims to reduce the acidity of the fruit juice so that it does not cause damage to the egg shell. The extract was used to soak the broiler eggs for 24 hours. After completion of the soaking period, the eggs were removed and placed in the egg rack systematically according to the treatment and stored at room temperature. The room temperature was monitored by measuring the temperature and humidity of the room using a thermohydrometer. Evaluation of the physical properties of eggs was caried out after storage for two, four, and six weeks, flow chart for the manufacture of SSF extract is presented in Figure 1.
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			Figure 1: Flow Chart for manufacturing sour starfruit extract

			Experimental Research Design

			Physical properties evaluation of broiler eggs was carried out using a completely randomized design with a 3 x 3 factorial pattern (Steel and Torrie (2015). The first factor was the level of use of SSF extract (0%, 10%, and 20%), and the second factor was the storage time (ST) at room temperature (two weeks, four weeks, and six weeks) so that there were nine treatment combinations occurred. Each treatment combination consisted of five repetitions, and five eggs were used in each, so that 225 eggs was used. The treatments combination in the study is as follows: 

			SSF1-ST1 = Without SSF extract with two weeks ST,

			SSF1-S21 = Without SSF extract with four weeks ST,

			SSF1-ST3 = Without SSF extract with six weeks ST,

			SSF2-ST1 = 10% of SSF extract with two weeks ST,

			SSF2-ST2 = 10% of SSF extract with four weeks ST,

			SSF2-ST3 = 10% of SSF extract with six weeks ST,

			SSF3-ST1 = 20% of SSF extract with two weeks ST,

			SSF3-ST2 = 20% of SSF extract with four weeks ST,

			SSF3-ST3 = 20% of SSF extract with six weeks ST,

			 

			Measurement Of Research Variables

			Egg Weight: The percentage of egg weight loss was calculate using the formula (Saud, 2014):
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			Where:

			A: Egg weight before storage

			B: Egg weight after storage

			 

			Egg Air Cavity Diameter: The measurement of the diameter of the broiler egg air cavity carried out as follows: (1) Fraction of the blunt part of the egg, namely the part that contains air cavities; (2) Measuring the vertical width of the air cavity; (3) Measuring the width of the air cavity; and (4) Determining the value of the egg air cavity using the formula (Djaelani, 2016):
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			Mechanism of measuring the diameter of the air cavity of the eggs as shown in Figure 2.

			 

			Haugh Unit: The Haugh unit value was calculate using the formula:
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			Where:

			H = albumen height (mm)

			G = conversion factor = 32.2 (only G is rooted)

			W = egg weight (g)

			 

			Degree of acidity (pH) Chicken Eggs: The pH measurement of broiler eggs was carried out by shaking until they were evenly mixed, then measuring the pH of the broiler eggs using a pH meter.

			 

			[image: 1657473303_FIGURE_2.jpg] 

			Figure 2: Measuring the diameter of the air cavity of the eggs

			 

			Statistical Analysis

			Data were analyzed according to the analysis of variance followed by the Least Significant Difference test (LSD). Furthermore, the treatment that gave a significant difference was following the Least Significant Difference (LSD) follow-up test using the SAS software, Steel and Torrie (2015).

			 

			RESULTS AND DISCUSSION

			 

			The decrease in egg quality is mainly due to evaporation of the egg contents, indicated by egg weight loss, HU, air cavity, and an increase in pH. The decrease in egg quality can be reduced using vegetable tanners such as tannins. Storage of broiler eggs by immersion in SSF extract at an average room temperature of 28.35 oC, with an average air humidity of 75 %, data on egg weight loss, pH, HU, and air cavity, is presented in Table 1.

			 

			Percentage Of Egg Weight Loss 

			The average weight loss of broiler eggs during storage at room temperature increased successively at 0% SSF, 10% SSF, and 20% SSF immersion (Figure 3). The immersion in SSF solution can inhibit egg weight loss during storage. Egg weight loss was slow at the beginning of storage. However, the relatively high temperature of the storage space causes the evaporation of water and CO2 gas to 

			Table 1: Data on egg weight loss, pH value, HU, and air cavity, as affected by sour starfruit and storage time. 

			
				
					
					
					
					
				
				
					
							Sour Starfruit (SSF)
							Storage Time (ST)
					

					
							2 weeks
							4 weeks
							6 weeks
					

					
							
							Egg weight loss (%):

						
					

					
							
							SSF1

						
							
							2.20 ± 0.11

						
							
							4.67 ± 0.67

						
							
							5.91 ± 0.18

						
					

					
							
							SSF2

						
							
							1.18 ± 0.15

						
							
							3.88 ± 0.68

						
							
							5.63 ± 0.47

						
					

					
							
							SSF3

						
							
							1.10 ± 0.03

						
							
							2.52 ± 0.24

						
							
							3.80 ± 0.41

						
					

					
							
							pH:

						
					

					
							
							SSF1

						
							
							7.03 ± 0.03

						
							
							7.07 ± 0.08

						
							
							7.09 ± 0.01

						
					

					
							
							SSF2

						
							
							6.92 ± 0.02

						
							
							6.98 ± 0.02

						
							
							6.96 ± 0.02

						
					

					
							
							SSF3

						
							
							6.80 ± 0.08

						
							
							6.92 ± 0.05

						
							
							6.94 ± 0.02

						
					

					
							
							Haugh Unit:

						
					

					
							
							SSF1

						
							
							66.56 ± 0.84

						
							
							53.86 ± 0.57

						
							
							58.22 ± 2.83

						
					

					
							
							SSF2

						
							
							63.33 ± 7.43

						
							
							73.13 ± 3.54

						
							
							64.94 ± 3.49

						
					

					
							
							SSF3

						
							
							72.07 ± 2.10

						
							
							67.29 ± 3.50

						
							
							68.64 ± 3.32

						
					

					
							
							Air Cavity (mm):

						
					

					
							
							SSF1

						
							
							21.12 ± 0.23

						
							
							23.83 ± 0.34

						
							
							26.12 ± 0.36

						
					

					
							
							SSF2

						
							
							19.08 ± 0.05

						
							
							22.59 ± 0.83

						
							
							25.66 ± 0.32

						
					

					
							
							SSF3

						
							
							19.74 ± 0.24

						
							
							21.77 ± 0.20

						
							
							24.00 ± 0.60
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			Figure 3: Egg weight loss according to the level of sour starfruit during storage time

			 

			occur morequickly. The longer the ST, the supply of liquids and gas will shrink or decrease (Joubrane et al., 2019). Applying 20% SSF extract storage at room temperature for six weeks was the best treatment. Tannin contained in SSF extract can cover the pores of the egg’s shell. Therefore, the evaporation of water, carbon dioxide gas, ammonia, and nitrogen were little. Mukhilsah et al. (2020) stated that increasing levels of melinjo leaf extract can maintain the quality of duck eggs, while storage time decreases the quality of duck eggs. The principle of using tanners is the occurrence of a reaction on the egg shell by tanning substances (tannins) to prevent the release of water and gas from the egg. Meanwhile, eggs as control threatment experienced more evaporation of water and carbon dioxide, ammonia, and nitrogen gases, resulting in a decrease in egg weight. Mukhilsah et al. (2021) said that egg weight continues to decrease during storage caused to evaporation of water and carbon dioxide gas (CO2).

			 

			Based on the description above and the LSD test, it was known that the use of a 20% level of SSF extract and an ST of 2 weeks and the interaction between a 20% level of SSF and an ST of 2 weeks (SSF3-ST2) was the best treatment to inhibit egg weight loss. In line with Novika et al. (2017) eggs stored in bay leaf extract for seven days at 4 ºC have weight loss of 0.35 g and 0.68 g at 20 ºC. The longer eggs stored, the bigger it gets weight loss. Eggs stored for ten days at 4 ºC have a weight loss of 0.43 g and increased storage fourteen days to 0.56 g.

			 

			Egg Air Cavity

			The air cavity in the egg is formed momentarily after laying due to the temperature difference lower than the parent body temperature the contents of the eggs become colder and shrinks to separate the membrane’s inner and outer shells separate. This membrane usually occurs in the egg blunt. The longer the storage time, the greater the depth of the air cavity. It is caused by the loss of egg weight caused by the evaporation of water and the release of gases that occur during storage. During storage, the eggs will lose their fluid, and contents shrink so that it enlarges air cavities (Jazil, 2013).

			 

			Table 1 shows that based on the LSD test, it is known that the use of a 20% level of SSF with an ST of 2 weeks and the interaction between a 10% level of SSF and an ST of 2 weeks is the best treatment to inhibit the enlargement of the air cavity diameter of the egg (egg preservation). It was in line with the decrease in egg weight. The highest air cavity diameter of broiler chicken eggs (26.12 mm) was at a level of 0% SSF for six weeks of storage at room temperature. The small diameter of the air cavity of the eggs stored at room temperature with the level of 10% and 20% SSF was caused by the pores of the eggs being covered by tannins and inhibiting the evaporation of water, carbon dioxide, ammonia, and nitrogen gases of the eggs. On the other hand, the large diameter of the air cavity of eggs that was not preserved with SSF (level 0%) was caused by a large amount of evaporation of water and carbon dioxide, ammonia, and nitrogen gases (Figure 4). Gary et al. (2009) stated that the large diameter of the cavity is caused by the inner membrane of the egg being detaches so that it attaches to the albumen due to evaporation of water in the egg. The same thing was also stated by Pescatore and Jacob (2011) that as the age of the egg increases, the egg experience fluid loss so that it enlarges the air cavity. Similarly, Yuwanta (2010) stated that the enlargement of air pockets in eggs is influenced by storage temperature, humidity, and changes in egg contents. It’s in line with the decrease in egg weight during storage.
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			Figure 4: Air cavity of egg according to the level of sour starfruit during storage time

			 

			EGG pH

			The average pH of broiler eggs stored at room temperature for six weeks was the highest (7.06) in the uncured treatment with SSF (0% level) and the lowest (6.88) in the treatment level 20% SSF. The low pH of eggs stored at room temperature for six weeks preserved at a level of 20% SSF was caused by the tannins in the SSF juice closing the pores of the egg shell so that CO2 gas evaporation was low. On the other hand, the high pH of eggs stored at room temperature for six weeks that were not preserved with SSF juice at 0% level was caused by the evaporation of CO2 gas. Novika et al. (2017) stated that the loss of CO2 gas in eggs causes the concentration of bicarbonate ions to decrease and the buffer system to be damaged, increasing pH. Saud (2014) explained that albumen dilution was caused by the breakdown of ovomucin fibers that bind egg whites, increasing egg white pH.

			 

			Table 1 shows that based on the LSD test, the use of 20% SSF level with two weeks ST was the best treatment to inhibit the increase in pH. It can shorten the shelf life of eggs. It is in line with the decrease in egg weight and air cavity diameter of broiler eggs stored at room temperature for six weeks. Moreover, Syaifulloh et al. (2021); Cornelia et al. (2014); and Fibrianti et al. (2012) stated that storage of eggs carried out at room temperature will cause the quality and freshness of eggs to decrease. In general, preserving SSF can reduce increasing the pH during the storage period. Figure 5 shows that treating an egg with SSF can increase the pH gradually during the storage period compared to the egg without SSF.
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			Figure 5: pH value of egg according to the level of sour starfruit during storage time

			 

			Haugh Unit Eggs

			The Haugh Unit value is a value that describes the state of the egg white to determine egg quality. Eggs of good quality usually have high HU values, Hajrawati et al., (2012). According to Kurtini et al. (2014), high HU eggs reflect the condition of fresh eggs. HU values more than 72 are categorized as AA quality eggs, HU values 60-72 as A quality eggs, HU values 31-60 as B quality eggs, and HU values less than 31 are categorized as C quality eggs (USDA 2007).

			 

			The average HU of broiler eggs stored at room temperature for six weeks was the highest (69.22) in the treatment preserved with SSF at a 20% level and the lowest (59.59) at the level of 0 % SSF. Analysis of variance showed that the level of SSF juice had a very significant effect (P<0.01) on the HU of eggs stored at room temperature for six weeks. ST and SSF had a significant interaction effect (P<0.05) certainly for eggs stored for six weeks (Figure 6). The average difference test between treatments using the LSD test showed that the HU of eggs stored at room temperature for six weeks in the treatment with SSF juice at levels of 0%, 10%, and 20% were very significantly different, respectively (P< 0.01).

			 

			Table 1 shows that the higher the concentration level, the longer the durability. It was Saud’s statement (2014) that 
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			Figure 6: Egg haugh unit according to the level of sour starfruit during storage time

			 

			the higher the concentration level of a solution, the higher the quantity of SSF solute, and the longest the freshness of the eggs. It produced at 20% immersion, which was six weeks of storage. The soluble substances contained in the extract of SSF used as a marinade for consumption of chicken eggs are tannin and polyphenolic compounds, namely chavicol and capitol. The HU value represents the egg weight per egg in grams and albumen height in millimeters. Evaporation CO2, NH3, and H2S, as well as the microbial activity in eggs during storage, will decrease the HU value of eggs. In addition, storage longer than two weeks will reduce the HU value of eggs. Ismawati (2011) states that the period eggs in storage cause the eggs to experience liquid evaporation and the release of gases such as carbon dioxide from the egg’s contents, which results in the expansion of the egg’s white surface. In addition, the longer the egg storage period, the more microbes that enter the shell pores can damage the eggs.

			 

			The treatment of SSF 10% level with an ST of 2 weeks was not affected significant (P>0.05) compared to the treatment level of 0%, an ST of 2 weeks, the level of 20%, an ST of 4 weeks and a treatment level of 10%, ST of six weeks respectively. However, there was significant effect (P<0.05) compared to treatment levels of 20% with 2 and 6 weeks of ST, 10% SSF with four weeks of ST, and 0% with 4 and 6 weeks of ST. The treatment of giving SSF at a 20% level with an ST of 2 weeks, there was no significant difference (P>0.05) compared to the 10% level treatment, four weeks of ST, and the treatment level of 20%, four weeks and six weeks of ST, while significantly different. (P<0.05) compared to treatment at 0% level with two weeks, four weeks, and six weeks of ST, and with 10% level treatment, two weeks and six weeks of ST.

			 

			The treatment of giving SSF level of 0% with ST of 4 weeks was not significantly different (P>0.05) with treatment level of 0% SSF storage time of 6 weeks, while treatment level of 0% SSF for two weeks of ST, 10% level of two weeks, four weeks and six weeks of ST, and at 20% level two weeks, four weeks and six weeks of ST. The chicken egg HU value obtained in the study at two weeks of ST was 67.32±3.45; four weeks was 64.76±2.54, and six weeks was 63.93±3.21. The value was still in good condition compared to BSN (2008), where the HU obtained is in the range of quality II and includes eggs with quality B. According to  BSN (2008), the freshness of eggs divided into Quality I has a HU = of 72; Quality II has a HU value of 62-72, and Quality III has a HU value = of 60. The HU value of quail eggs will decrease with the length of storage time. Jazil et al. (2012) stated that the longer the storage period, the value of the HU was low due to the evaporation of water and gases such as CO2 causes the thick egg white to become thinner.

			 

			CONCLUSIONS AND RECOMMENDATIONS

			 

			The research concluded that the use of 20% SSF was the best treatment to maintain the quality of chicken eggs and can extend the shelf life of eggs up to six weeks based on the percentage reduction in weight, air cavity diameter, pH, and HU of the eggs. Two weeks of egg storage was the best treatment to maintain the quality of broiler eggs and can extend the shelf life of eggs up to six weeks based on the percentage reduction in weight, air cavity diameter, pH, and HU of broiler eggs. The tannins contained in SSF (Averrhoa bilimbi L.) can perform as a natural preservative for eggs, and proven that the level of 20% SSF extract with a storage period of 2 weeks is a treatment. The best way to maintain the quality of broiler eggs is indicated by the weight loss, air cavity diameter, pH, and Haugh unit of broiler eggs.
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Physical Properties Evaluation of Chicken Eggs on Soaking in Sour
Starfruit Extract (4verrboa bilimbi L.)
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83125, Tel: (0370). 633007, West Nusa Tenggara, Indonesia.

Abstract | The decrease in egg quality is mainly due to bacteria, evaporation of the egg contents, indicated by egg
weight loss, Haugh Unit (HU), air cavity, and an increase in pH. This research aims to determine the best level of sour
starfruit (SSF) extract on the shelf life of chicken eggs. A Completely randomized design (CRD) was used in a 3 x 3
factorial pattern with five replications. The Factors were the level of SSF (0%, 10%, and 20%) and storage time (2, 4,
and 6 weeks). Data were analyzed according to the analysis of variance followed by the Least Significant Difference
test (LSD). The parameters measured were the egg’s weight, air cavity, pH, and Haugh Unit of chicken eggs that were
stored at room temperature for six weeks. The results showed that immersion in SSF and storage decreased (P<0.5)
the HU and egg’s weight. While the air cavity and pH increased significantly (P<0.05). The treatment of 0% SSF, 10%
SSF and 20% SST decreased HU values (66.56 + 0.84 - 58.22 + 2.83), (63.33 + 7.43 - 64.94 + 3.49), (72.07 + 2.10 -
68.64 + 3.32) during storage. Likewise, the rate of egg weight loss increased successively (2.20  0.11 - 5.91 = 0.18),
(1.18 £ 0.15 - 5.63 + 0.47), (1.10 = 0.03 - 3.80 + 0.41) during storage. While the air cavity increased during storage
successively (21.12 £ 0.23 - 26.12 £ 0.36), (19.08 + 0.05 - 25.66 + 0.32), (19.74 £ 0.24 - 24.00  0.60). During storage,
the pH was relatively constant. The study concluded that a 20% SSF and two weeks of storage was the best treatment
to maintain the quality of chicken eggs based on the egg weight, air cavity, pH, and HU, and can extend the shelf life
up to six weeks. The interaction between the level of 20% SSF and the Storage Time (ST) factor for two weeks was the
best treatment based on the egg weight and pH.
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INTRODUCTION

Raised chicken eggs are livestock products with nutri-
tion content that the body need (Lestari, 2019). The
yolk is the highest nutrition content of purebred chicken
eggs. Moreover, the egg yolks contain essential amino acids
and several minerals such as iron, phosphorus, calcium, and
vitamin B complex (Mirnawati, 2018). The high nutrition

content of broiler eggs not only has a very positive effect
on the growth of children under five and increases the im-
mune system of adults, but also hurts the length of shelf
life of eggs (Ariyana et al., 2020). High nutrient content
in eggs is a food ingredient that is very easily contami-
nated with microbes both directly and indirectly so that it
can cause various kinds of damage and become one of the
causes of the short shelf life of broiler eggs (Ariyana et al.,
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