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Abstract. This study aims to determine the effect of lemon juice (Citrus Limon) on the coagulation process of milk. This research method used a 4 x 4 factorial completely randomized design with 2 replications of factor, which is factor A lemon juice levels, namely A0= 0.01% rennet, A1 = 5% lemon  juice, A2 = 10% lemon juice, A3 = 15% lemon juice, and factor B is storage period, namely B0 = 0 days B1 = 5 days B2 = 10 days and B3 = 15 days. The variables measured were organoleptic tests including color, aromatic, and preferences (testy level). The results showed that from the addition of four levels of lemon juice used and four variations of Storage period, giving lemon juice level of 15% (A3) and storage period of 15 days (B3) is the optimal treatment to improve color, aromatic, and preferences in goat cheese and can be used as an alternative to replace rennet.
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Introduction
Milk is one type of healthy drink because of its complete nutritional content and contains sufficient amounts of all essential amino acids. Naturally, what is meant by milk is the milk product of a mammal which can be consumed or can be used as a safe and healthy food ingredient.
Among the various types of milk produced by mammals, goat's milk is milk that has the most benefits for human health. Based on the publication of the Small Ruminant Production System Network for Asia (SRUPNA), goat milk is very good for people who have lactose intolerance disorders, because the lactose in goat's milk is lower (10%) than cow's milk [1]. In addition, goat milk fat globules have small particle diameters compared to cow's milk, so that goat milk is easily digested and absorbed by the body to produce energy compared to cow's milk. However, goat's milk has a problem where the aroma and texture are less liked by the public. [2]
Amid the many benefits of milk, people's milk consumption in Indonesia is relatively low, ranging from 12 liters per capita per year, compared to a number of countries in ASEAN at around 20 liters per capita per year. The need for domestic fresh milk raw materials (SSDN) for domestic processed milk is around 3.3 million tons per year, and
2.61 million tons (79%) still have to be imported in the form of skim milk powder, anhydrous milk fat, and butter milk powder from various countries such as Australia, New Zealand, United States, and the European Union [3]
One of the alternative products produced by goat's milk is cheese. Cheese is a product of milk processing, which has a high nutritional content. Cheese is also one of the technologies for milk preservation, because milk has properties that are easily damaged due to bacterial contamination, so it is necessary to process it to ensure the safety of milk for consumption by the community  [4]. The consumption of cheese in Indonesia in 2013 reached 25,000 tons, where the need for cheese was mostly met by imports, among others, from the United States of 3,060 tons. Cheese imports continue to increase by 5.96% per year. The increase in national cheese consumption encourages the development of the domestic cheese industry. [5]
One of the important things in the cheese industry is the availability of a coagulant, namely rennet. The rennet currently used in the domestic cheese industry is still imported and available in limited quantities. Rennet is a casein clot in the cheese-making process which contains the enzyme rennin protease. Rennet is a group of enzymes produced by the stomach of mammals to digest breast milk. The proteolytic enzyme (protease) in rennet can separate milk into solid and liquid parts which eventually coagulate. The use of rennet enzymes from the stomach of ruminants has an impact on the high price of milk to be made into cheese.
An alternative to rennet enzyme is the use of lemon juice (Citrus limon). The addition of lemon juice (Citrus limon) in cheese making is expected to be used as an alternative to clotting in cheese makingbecause the addition of acid will cause the protein coagulation process and can lower costs, and improve the durability of cheese.
Materials and Methods
This research was conducted in January 2020 using a factorial completely randomized design method with two replications. The parameters measured in this study were organoleptic tests (color, aroma and preferences) based on Storage period carried out by 20 somewhat trained panelists from students of the Food Technology Science Study Program, Faculty of Agriculture, University of North Sumatra.
Data analysis
Data were analyzed by Analysis of variance (ANOVA). If the results are significantly different, then continue with the Duncan test.
Results And Discussion 
Color
The results of color organoleptic test scores on goat cheese with commercial rennet administration of
0.01% and several levels of lemon juice 5%, 10%, 15% and storage period of 0, 5, 10, 15 days are presented in “Table 1”.
Table 1. Average color scores of cheese.
	
	
	Storage period (B)
	
	

	Lemon juice level (A)
 

	
	
	
	
	Average

	
	B0 (0 days)
	B1 (5 days)
	B2 (10 days)
	B3 (15 days)
	

	A0
	1.68cD
	1.73cC
	1.75cB
	2.10cA
	1.81

	A1
	1.35cD
	2.08cC
	2.23cB
	2.20cA
	1.96

	A2
	1.38bD
	1.85bC
	2.60bB
	2,98bA
	2.20

	A3
	1.35aD
	1.85aC
	3.15aB
	3,48aA
	2.46

	Average
	1.44
	1.88
	2.43
	2.69
	


         Note:
Different superscripts in the same row and column indicate differences which was very significant (P <0.01).
Lowercase notations indicate the level of lemon juice, uppercase notations indicate Storage period.
From “Table 1”, the color score of cheese with commercial rennet coagulant is obtained0.01% with variations in storage period A0B0-A0B3 ranged from 1.68 to 2.10, while the color score of cheese with lemon juice coagulant with variations in levels and storage period of A1B0-A3B3 ranged from 1.35 to 3.48. The level of lemon juice administration had a very significant effect (P <0.01) on the color score of the cheese. Treatment A0 as a control using 0.01% rennet has an average color score of 1.81, which shows white to slightly yellowish white, while the color score with the addition of lemon juice levels A1, A2 and A3 has an average score of 1.96-2.46 that is, shows a white to yellowish white color.
The cheese color score in treatment A0 was lower than that of cheese with variations in the levels of giving lemon juice A1, A2 and A3. The addition of lemon juice causes the color of the cheese to be more yellowish than cheese with commercial rennet coagulants, this is because lemons also contain beta carotene  [6] which beta carotene is the main ingredient that plays a role in the yellow discoloration of milk [7].
Data in “Table 1” shows that the Storage period for cheese has a very significant effect (P <0.01) (Appendix 5). B0 treatment, 0 day storage using rennet 0.01% has an average color score of 1.44, while treatment B1, B2, B3 Storage period of 5, 10, 15 days has an average score of 1.88 - 2.69, which shows the length of storage make an impactto discoloration in cheese. This is consistent with the statement of [8] that changes in cheese color can be associated with biochemical activities of native microflora, such as process technology and curing or storage techniques.
[image: image1.png]
“Figure 1” regression graph shows that there is an interaction between the level of lemon juice administration and the Storage period for cheese which has a very significant effect (P <0.01) (appendix 5 and Figure 3) on the color score of the cheese. This is presumably because lemon contains beta carotene and storage at room temperature, namely 2oC-15oC for 0 days, 5 days, 10 days, and 15 days have an effect on cheese color. This is consistent with the statement of [9], the color of cheese is formed by various factors including beta carotene milk pigment and storage techniques.
Aroma
Aroma is an odor caused by chemical stimulation that is smelled by olfactory nerves in the nasal cavity [10]. As forThe results of the organoleptic aroma test scores on cheese with commercial rennet administration of 0.01% and several levels of lemon juice 5%, 10% and 15% and Storage period of 0, 5, 10, 15 days are presented in “Table 2”.
[image: image2.png]Table 2. Average aroma scores of cheese.
	Lemon Lemon Juice level (A)
	
	Storage period (B)
	
	

	
	
	
	
	
	Average

	
	B0 (0 days)
	B1 (5 days)
	B2 (10 days)
	B3 (15 days)
	

	A0
	1.00dA
	1.00dB
	1.00dB
	1.00dB
	1.00

	A1
	2.55cA
	2.28cB
	2.28cB
	2,38cB
	2.37

	A2
	3.23bA
	2.80bB
	2.83bB
	3.25bB
	3.03

	A3
	4,10aA
	3.88aB
	3.55aB
	3.90aB
	3.86


Note: Different superscripts in the same row and column indicate differences very real (P <0.01).
Notation with letters small indicates the level of lemon juice, notation with letters large indicates Storage period.
From “Table 2”, the aroma score of commercial rennet coagulant cheese is obtained0.01% with variations in the Storage period of A0B0-A0B3, namely 1.00, while the aroma scores of the lemon juice coagulant cheese with variations in levels and Storage period of A1B0-A3B3 ranged from  2.28–4.10.
The level of lemon juice administration had a very significant effect (P <0.01) on the aroma score of the cheese. Treatment A0 as a control using 0.01% commercial rennet has an average aroma score of 1.00, which indicates no lemon aroma, while the average aroma score of A1, A2, and A3 treatments is 2.37-3.86 indicating that the aroma of lemon is up to the aroma of lemon is very strong. The average score of cheese aroma in the control A0 treatment was lower than that of cheese with the addition of several levels of lemon juice A1, A2, and A3, this was due to the absence of the addition of lemon juice which resulted in goat's milk flavored cheese that tasted fishy. The highest average aroma score was found in treatment A3 where the level of lemon juice added was 15%, this is because the increasing level of lemon juice level, the higher the aroma score that can be obtained. The characteristic strong lemon aroma makes the resulting cheese smell of lemon and adds value to the cheese because lemon can eliminate the fishy smell found in goat's milk. This is in accordance with the statement(Ketaren, 1986), namely the concentration level of lemon juice affects the aroma of cheese because lemon juice contains volatile components which have a distinctive lemon aroma. Apart from the volatile components, there are also limonins which affect the aroma of the cheese produced.
The storage period for cheese has a very significant effect (P <0.01). Treatment B0 for 0 day storage using 0.01% rennet had an average aroma score of 2.72 and treatment B1, B2, B3 storage period of 5, 10, 15 days had an average score of 2.49-2.63. Treatment B0 with a storage period of 0 days is the treatment that has the highest score, this is because the lemon aroma is still strong and fresh because the treatment has not undergone a fermentation process such as treatment B1, B2 and B3. This is consistent with the statement [8] that changes in the aroma of food can be associated with the biochemical activity of native microflora and the fermentation process.
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“Figure 2” shows that there is an interaction between the level of lemon juice administration and the storage period for cheese which has a very significant effect (P <0.01) (Table 2) on the aroma score of cheese. This is consistent with [11] statement which states that the real cheese aroma is determined by the ripening of the cheese. Changes in cheese are caused by the fermentation of lactose, citrate, and other organic compounds into various acids, esters, alcohols and volatile flavor and aroma-forming compounds during the storage process.
Tasty Test
Like is a psychological suggestion of food that determines the satisfaction value of the person who eats it (Dilek et al, 2012). Like cause preferences is a very important factor in determining a consumer's final decision to accept or reject a product which could be achieve by conducting Tasty Test on a product. The results of the Tasty Test preference scores on cheese with the administration of commercial rennet 0.01% and several levels of lemon juice 5%, 10% and 15% and storage period of 0, 5, 10, 15 days are presented in “Table 3”.
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Table 3. The average score of the Tasty Test on Fresh Cheese.
	
	
	Storage period (B)
	
	

	Lemon juice
level (A)
	B0 (0
days)
	B1 (5
days)
	B2 (10
days)
	B3 (15
days)
	Average

	A0
	2.48cA
	2.90cA
	2.63cA
	2.63cA
	2.66

	A1
	2.83bA
	3,08bA
	3.15bA
	3.18bA
	3.06

	A2
	3.20bA
	3,28bA
	2,98bA
	2.75bA
	3.05

	A3
	3.03aA
	3.25aA
	3,55aA
	3.83aA
	3.41

	Average
	2.88
	3.13
	3.08
	3.09
	


Note : Different superscripts in the same row and column indicate differences very real (P <0.01).
Notation with letters small indicates the level of lemon juice, notation with letters large indicates storage period.
From “Table 3”, it is obtained the preference score of commercial rennet coagulant cheese 0.01% with variations in the storage period of A0B0-A0B3 ranging from 2.48 to 2.90 while the preference score for lemon juice coagulant cheese with variations in levels and variations in storage period of A1B0- A3B3 is 2.75 - 3.83.
The level of lemon juice administration had a very significant effect (P <0.01)  on the preference score for cheese. Control treatment A0 using commercial rennet 0.01% preferred score of 2.66, which shows the results of dislike to neutrality, while the average score of preference with the addition of the highest level of lemon juice is found in treatment A3 with a score of 3.41 showing neutral to liking results on the favorite score. This is because the strong taste produced by lemon juice affects the taste produced by cheese and reduces the fishy taste of goat's milk cheese. The variation in the score obtained was caused by the panelists who carried out the organoleptic test in this study consisting of a variety of different people, some of which were used to consuming cheese and for preferences depending on taste. This is supported by [13] that the taste of food is caused by stimulation of the senses in the human body, especially the sense of taste. By using senses then  will be able to distinguish the constituents and consistency of taste in food.
The storage period for cheese had a very significant effect (P <0.01) (“Table 3”) on the preference score for cheese. B0 treatment, 0 day storage using rennet 0.01% has an average score of 2.88 and treatment B1, B2, B3 Storage period of 5, 10, 15 days has an average score of 3.08-3.19, which shows the length of storage give effect to changes in preference to cheese.This corresponds to statement [14] that the appearance of flavor in cheese is caused by the volatile components formed after the inoculation of the starter microbes because at the time of microbial inoculation there are biochemical changes which include proteolysis, lipolysis, lactose fermentation, and     the    production    of    volatile     components     that     will    affect     the    taste    of  cheese.
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“Figure 3” regression graph shows that there is an interaction between the level of lemon juice administration and the Storage period for cheese to have a very significant effect  (P <0.01) on the cheese preference score. This is because the addition of lemon juice and storage period at room temperature resulted in the proteolysis process, lipolysis, lactose fermentation, and production of volatile components that affect the taste of cheese [14].
Research  Recapitulation
Based on the results of the study, it was found that giving several levels of lemon juice and storage period had an effect on color, aroma, and preference test. The effect of giving several levels of lemon juice and Storage period on color, aroma, and preference test is presented in “Table 4”.
In “Table 4”, it is known that the highest color score of the effect of 0.01% commercial rennet and lemon juice levels of 5%, 10% and 15% with a storage period of 0 days, 5 days, 10 days and 15 days is treatment (A3B3 ) namely with a score of 3.48. And the lowest color score from the effect of giving 0.01% commercial rennet and lemon juice levels of 5%, 10% and 15% with a storage period of 0 days, 5 days, 10 days and 15 days is treatment (A1B0), namely 1, 35.
The highest aroma score from the effect of 0.01% commercial rennet and lemon juice levels of 5%, 10% and 15% with a storage period of 0 days, 5 days, 10 days and 15 days is treatment (A3B0), namely 4.10 . While the lowest aroma score from the effect of 0.01% commercial rennet and lemon juice levels of 5%, 10% and 15% with a Storage period of 0 days, 5 days, 10 days and 15 days was treatment (A0B1), namely 1.00 .
The highest organoleptic test score from the effect of giving 0.01% commercial rennet and lemon juice levels of  5%, 10% and 15% with a Storage period of 0 days, 5 days, 10 days and 15 days is treatment (A3B3), namely 3, 83. And the lowest favorite test score from the effect of giving 0.01% commercial rennet and giving lemon juice levels of 5%, 10% and 15% with a storage period of 0 days, 5 days, 10 days and 15 days is treatment (A0B0), namely 2, 48.
Table 4. Recapitulation of Fresh Cheese Organoleptic by Using Lemon Juice as Coagulant
	Treatment
	Color
	Aroma
	Favorite/Tasty test

	A0B0
	1.68cD
	1.00dA
	2.48cA

	A0B1
	1.73cC
	1.00dB
	2.90cA

	A0B2
	1.75cB
	1.00dB
	2.63cA

	A0B3
	2.10cA
	1.00dB
	2.63cA

	A1B0
	1.35cD
	2.55cA
	2.83bA

	A1B1
	2.08cC
	2.28cB
	3,08bA

	A1B2
	2.23cB
	2.28cB
	3.15bA

	A1B3
	2.20cA
	2,38cB
	3.18bA

	A2B0
	1.38bD
	3.23bA
	3.20bA

	A2B1
	1.85bC
	2.80bB
	3,28bA

	A2B2
	2.60bB
	2.83bB
	2,98bA

	A2B3
	2,98bA
	3.25bB
	2.75bA

	A3B0
	1.35aD
	4,10aA
	3.03aA

	A3B1
	1.85aC
	3.88aB
	3.25aA

	A3B2
	3.15aB
	3.55aB
	3,55aA

	A3B3
	3,48aA
	3.90aB
	3.83aA


           Note:
* Different superscripts on the same row and column indicate the difference was very significant (P <0.01).
          * The same superscript in the same row and column shows a very significant difference (P <0.01).
From the recapitulation of the research results, it was found that giving 15% lemon juice and storage period for 15 days (A3B3) would increase the color score (yellowish white) in cheese, this is in accordance with the statement (Sutarno, 2012) each cheese has a different coagulant treatment and curing time, but the average color produced is the same, namely yellowish white. Then it was also obtained that the application of lemon juice 15% and Storage period for 15 days (A3B3) increased the aroma score (lemon scent) in cheese, thereby reducing the aroma of goat's milk significantly, which of course also increased the preference score, making cheese more preferred.
Conclusion
Based on the results of the study, it is known that from the addition of three levels of lemon juice used and
four variations of storage period, giving lemon juice level of 15% (A3) and storage period of 15 days
(B3) is the optimal treatment to improve color, aroma, and  organoleptic of fresh cheese. Lemon juice can be a coagulant and be an alternative starter for fresh cheese making.
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