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The Effect of Adding Moringa Leaf (Moringa oleifera L.) Powder and Fermented Bacteria (Lactobacillus plantarum) to Free-Range Chicken Dendeng on Moisture Content, Water Activity, Sensory Evaluation, and Lab* Color
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ABSTRACT

	Aims: To determine the effect of addition of moringa leaf powder on the making of fermented free-range chicken dendeng in terms of moisture content, water activity (Aw), sensory evaluation, and Lab* color.
Study design:Using a Completely Randomized Design (CRD).
Place and Duration of Study:Animal Product Technology Laboratory, Faculty of Animal Science, UniversitasBrawijaya, from January to February 2024.
Methodology:The method use was a experimental laboratory with 4 treatments and 4 replicates. The treatments given were P0 (without moringa leaf powder), P1 (2.5%), P2 (5%), P3 (7.5%), and the addition of 6% L. Plantarum bacterial solution for all treatments. Data were analyzed using Analysis of Variance (ANOVA). If differents results were obtaineds between treatments, Duncan’s Multiple Range (DMRT) Test was continued.
Results:The results showed that the addition of moringa leaf powder had an effect (p<0.05) on the quality of moisture content (7.90-10.97%), water activity (0.80-0.88%), the sensory evaluation of aroma (2.62-2.84), texture (2.88-3.48), taste (2.40-3.62), and a* color (1.13-8.57). However, it does not affect (p>0.05) the quality of color sensory evaluation (2.88-4.04), L* color (31.55-36.44), and b* color (15.42-18.25).
Conclusion:It can be concluded that the best treatment is obtained with the addition of moringa leaf at 2.5% based on physicochemical and mostly ‘like’ based on sensory evaluation. 
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1. INTRODUCTION

Chicken meat is a highly nutritious source of protein that is essential in the human diet. Chicken meat contains various essential nutrients such as protein, vitamin D, iron, and calcium, all of which are important for the health of the body. One type of chicken meat that can be utilized is free-range chicken. Free-range chicken meat is an excellent medium for the growth of pathogenic and non-pathogenic microorganisms and bacteria that can cause damage to the meat. Therefore, processing and preservation techniques are needed to prevent damage to the meat. 
One form of traditionally preserved meat that has been widely practiced by communities since ancient times is dendeng (mention background of the product with reference). Dendeng is a food product that falls under the category of Intermediate Moisture Meat Products (IMF) with a moderate moisture content of around 10-15% and an Aw aw between 0.6-0.9. This allows dendeng to have an elastic texture and a longer shelf life because the low moisture content inhibits the growth of microorganisms that can cause spoilage (Wardana et al., 2024).  In the traditional dendeng production process, the meat generally undergoes spontaneous fermentation. The environmental (textural) conditions inside the dendeng cause several undesirable microorganisms, such as pathogenic bacteria and mold, to grow easily. The main problem that occurs is that the fermentation process is uncontrolled, resulting in varying dendeng quality. The addition of lactic acid bacteria starter in the fermentation process of dendeng is expected to create natural competition between bacteria so that the fermentation process can be controlled and the desired changes can be achieved. 
Fermentation of chicken dendeng is carried out by adding lactic acid bacteria, one of which is Lactobacillus plantarum, which is the most commonly used lactic acid bacteria (LAB) in meat fermentation processes (source). Lactobacillus plantarum is capable of producing lactic acid during the fermentation process, thereby lowering the pH of the chicken dendeng. A common problem in chicken dendeng storage is rancidity due to oxidation accelerated by the presence of peroxides (Zhao et al., 2023). According to Aminah et al. (2015), moringa leaf powder (Moringa Oliefera L.) contain high levels of antioxidants and antimicrobials. This suggests that moringa can function as a natural preservative and extend shelf life. Based on the above description, research is needed to determine the effect of adding moringa leaf powder and bacterial fermentation on free-range chicken dendeng in terms of moisture content, aw, organoleptic test, and Lab* color. 

2. material and methods 

The research was conducted at the Animal Product Technology Laboratory, Faculty of Animal Science, Universitas Brawijaya for the production of free-range chicken dendeng and testing of moisture content, aw, sensory evaluation, and Lab* color. The research was conducted from January to February 2024. 

2.1 Materials
For dendeng preparation The materials used in this study were male free-range chicken breast fillets and Lactoacillus Plantarum bacteria at a concentration of 6% were used as main ingredient. The free-range chicken meat was obtained from Dinoyo Market, Malang. The moringa leaves (Moringa Oleifera L.) used were in powder form, purchased from the herbal brand available on the Shopee marketplace. The L. plantarum liquid was obtained from the Shopee marketplace. Other ingredients used to make the dendeng were brown sugar, granulated sugar, salt, coriander, pepper, galangal, and garlic, which were obtained from Dinoyo Market, Malang. The equipment needed was an OHAUS BC series analytical scale, a knife, a Signora brand meat grinder, an incubator, and a WT Binder brand oven.

2.2 Methods
This study was conducted experimentally in a laboratory using a completely randomized design (CRD) with 4 treatments and 4 replicates. FourThe treatments based on were the addition of moringa leaf powder in four ranges , consisting of 4 treatments, namely T0 (no addition), T1 (2.5%), T2 (5%), and T3 (7.5% were planned. ), L. Plantarum solution (6%)  was also added during the preparation of the product. as well as the addition of 6% L. Plantarum solution. 

2.3 Sample Preparation
The modified chicken dendeng product formulation (Kosim et al., 2015) can be seen in Table 1.



Table 1. Free-range Chicken DendengFormulation
	Material
	Percentage
(%)
	Treatment (g)

	
	
	T0
	T1
	T2
	T3

	Free-range chichken breast fillet
	100
	100
	100
	100
	100

	Moringa leaf powder
	- (P0)
	0
	-
	-
	-

	
	2.5 (P1)
	-
	2.5
	-
	-

	
	5 (P2)
	-
	-
	5
	-

	
	7.5 (P3)
	-
	-
	-
	7.5

	L. Plantarum bacteria
	6
	6
	6
	6
	6

	Palm sugar
	15
	20
	20
	20
	20

	Granulated sugar
	15
	20
	20
	20
	20

	Salt
	3
	1
	1
	1
	1

	Garlic
	4
	4
	4
	4
	4

	Coriander
	1
	2
	2
	2
	2

	Pepper
	0.5
	0.5
	0.5
	0.5
	0.5

	Galangal
	0.5
	0.5
	0.5
	0.5
	0.5

	Total
	154
	156.5
	159
	161.5



All ingredients are mixed and ground, then dissolved with L. plantarum bacterial starter according to the percentage. The mixture is molded in a baking pan and fermented for 18 hours inat an incubator at the temperature of 40ºC. The baked product was further After that, it is dried in an oven at 40ºC for 4 hours. The prepared samples were analysed for moisture content, water activity, sensory acceptability and lab color.This is followed by analysis.

2.4 Proximate  AnalysisPhyscico-chemical and sensory evaluation (as it is not proximate)

2.4.1 Moisture Content
Moisture content testing method based on weight loss during heating in an oven according to AOAC (2005). Moisture content is calculated using the following formula:
Moisture content (%) =  x 100%
Explanation:
A = Weight of empty dish (g)
B = Weight of dish and sample before oven (g)
C = Weight of dish and sample after oven (g)

2.4.2 Water Activity
The procedure for testing water activity (aAw) uses a testo 650 Aw meter, which determines the amount of free water used by microbial growth in a material. The test procedure according to AOAC (2005) is as follows: Prepare the tools and materials. Weigh 5 grams of the sample. Open the aAw meter and clean the plastic container and sample. Place the chopped sample into the plastic container, then place it in the sample chamber and cover it with the sample reader sensor. Press the enter button until the device identifies the aAw of the sample. Wait for the aAw value to be read on the second beep and record it when the value is stable

2.4.3 Sensory Evaluation
The organoleptic test procedure used the Hedonic Quality test (Febrianingsih et al., 2016) with 30 untrained panelists. The numerical scale for the organoleptic test is as follows: 1 (strongly dislike), 2 (dislike), 3 (neutral), 4 (like), and 5 (strongly like). 



2.4.4 Lab* Color
The Lab* color testing procedure uses a color reader (Engelen, 2017). L* color (0-100), where 0 indicates black and 100 indicates white. Redness (a*) color (-80)-100, where negative indicates red and positive indicates green. Color b* (-70)-70, where negative values indicate blue and positive values indicate yellow.

3. results and discussion

3.1 The Effect of Adding Moringa Leaf Powder on the Moisture Content of Fermented Free-Range Chicken Dendeng
	Moisture content is one of the determinants of the durability of a food product in terms of physical, chemical, and microbiological changes (Sakti et al., 2016). The results in Table 2 show that the addition of moringa leaf powder had a very significant effect (p<0.01) on the moisture content of the dendeng. The average moisture content values of fermented free-range chicken dendeng for each treatment can be seen in Table 2. 

Table 2. Average Moisture Content Values in Fermented Free-Range Chicken Dendeng
	Treatment
	Moisture Content ± SD (%)

	T0
	10.97 ± 0.62d

	T1
	9.18 ± 0.38c

	T2
	8.12 ± 0.90ab

	T3
	7.90 ± 0.32a



	Based on Table 2, the results show that adding more moringa leaf powder tends to reduce the moisture content of chicken dendeng by 8.58%. When added in large percentage, this increases the total solids, thereby reducing the percentage of water. According to SNI 2908:2013 (?? Indonesian National Standard), chicken dendeng should have a moisture content that is neither too high nor too low, a maximum of 12%. This affects the shelf life of the chicken dendeng product. The higher the moisture content in food, the greater the likelihood that the food will spoil and not last long (Waryat and Handayani, 2020). 
	According to Sabtu and Armadianto (2019) (Reference missing), the decrease in moisture content in chicken dendeng can be caused by the process of osmosis. Osmosis is the process of water transfer from a substance with low concentration (hypotonic) to a substance with high concentration (hypertonic). The water content of chicken dendeng treated with moringa leaf powder tends to be lower than that of chicken dendeng without moringa leaf (T0). According to Ramamurthy et al., (2021), moringa leaf powder contain large amounts of phenolic compounds, which can suppress the increase in moisture content in dendeng. This is supported by the opinion of Moura, et al., (2023), who stated that moringa leaf powder act as a natural preservative that aims to extend the shelf life of food products.
	Previous studies, such as those by Utami and Qohar (2022), found that the moisture content of dried chicken meat from culled laying hens treated with red ginger (Zingiberofficinale Rose) ranged from 12 to 27%. Hermayasari et al's (2015) study found that the moisture content in beef dendeng coated with beeswax as an edible coating was 14.5%. Sugiarto and Nuun's (Cross check with reference quoted) (2023) study found that the moisture content in beef dendeng ranged from 22.08 to 24.12%. Ina's (2021) research found that the moisture content in beef dendeng ranged from 45.65 to 55.85%. The results of Fazila et al.'s (2023) research stated that the moisture content in beef dendeng ranged from 8.69 to 13.36%. The results of research by Mehang et al. (2022) state that the moisture content in smoked chicken dendeng ranges from 8.15 to 9.55%. The different moisture content test results in SNI 2908:2013 and previous studies are due to the use of different types, treatments, and drying temperatures and durations.

(quote the references as per the format of the journal)
3.2 The Effect of Adding Moringa Leaf Powder on the Water Acitivity (aAw) of Fermented Free-Range Chicken Dendeng
	The results of the analysis of variance show that the addition of moringa leaf powder to fermented free-range chicken dendeng at different percentages has a significant effect (p<0.05) on aAw. The average Aaw values of fermented free-range chicken dendeng are presented in Table 3.

Table 3. Average Water Activity Values in Fermented Free-Range Chicken Dendeng
	Treatment
	Water Activity (awAw) ± SD

	T0
	0.80 ± 0.03a

	T1
	0.88 ± 0.02b

	T2
	0.83 ± 0.03a

	T3
	0.84 ± 0.01a



	Based on Table 3, it is known that the higher the addition of moringa leaf powder, the lower the awAw value in the chicken dendeng. This can occur because moringa leaf powder contain high moisture and their addition increases the total moisture in the chicken dendeng product. (the statement itself is contradictory to the one quoted in 3.1) High awAw generally deteriorates quickly, either due to microbial growth or enzymatic reactions. Based on Laura's statement (2016), food ingredients with low Aw tend to bind water, while food ingredients with higher awAw tend to release water. Moringa leaf powder have hygroscopic properties that can absorb moisture from the air, thereby reducing water activity in the chicken dendeng. This can help maintain the quality and consistency of chicken dendeng by reducing the possibility of microorganism growth associated with high water activity. According to Dennis et al. (2022), sugar can inhibit the growth of plasmolysis of microbial cells by reducing the water content to a minimum so that there is no water available for microbial activity. When sugar with a high concentration (40%) is added to food, it can inhibit microbial growth and reduce Awaw.
	According to Sni No. 01-6366-2000, awAw in meat ranges from 0.4 to 0.9. If the material (dendeng) has an awAw that is not too high or too low i.e.,, between 0.5 and 0.9, then the dendeng material can last longer during storage. A higher awAw tends to cause the proliferation of microorganisms such as pathogenic bacteria, which can grow at awAw>0.85, while fungi grow well at awAw>0.6 (Kumar et al., 2020). 

3.3 The Effect of Adding Moringa Leaf Powder on the Sensory Evaluation of Fermented Free-Range Chicken Dendeng
	The results of the analysis of variance showed no significant effect (p>0.05) on aroma and color and but showed a very significant effect (p<0.01) on texture and taste. The average sensory evaluation of fermented free-range chicken dendeng is presented in Table 4.

Table 4. Sensory Evaluation of Fermented Free-Range Chicken Dendeng
	Treatment
	Aroma ± SD
	Texture ± SD
	Taste ± SD
	Color± SD

	T0
	2.84 ± 7.39
	3.48 ± 8.81b
	3.62 ± 7.33d
	2.88 ± 9.22

	T1
	2.66 ± 12.37
	3.44 ± 3.30a
	3.07 ± 4.97ab
	4.04 ± 6.95

	T2
	2.78 ± 11.00
	3.37 ± 3.74a
	3.15 ± 9.81c
	3.57 ± 8.49

	T3
	2.62 ± 6.45
	2.88 ± 11.59a
	2.40 ± 2.94a
	3.08 ± 8.88



3.3.1 Aroma
	The lower the percentage of moringa leaf powder added, the stronger the aroma of the chicken will be. Conversely, the higher the percentage of moringa leaf powder added, the weaker the aroma of the chicken will be. This can happen because moringa leaf powder have a grassy aroma, so when added in higher percentages, they will overpower the aroma of the chicken dendeng. The highest aroma rating obtained in the control treatment (T0) may be due to the fact that the chicken dendeng has a sufficient meat aroma and spice aroma. The caramelization of palm sugar during cooking can also cause the sugar to turn brown and produce a strong caramel aroma. According to Saraiva et al. (2023), the aroma of palm sugar comes from the Maillard reaction and caramelization during the cooking of palm sugar. This is reinforced by the statement from Sari and Harini (2021), that the maillard reaction is a reaction that occurs when amino acids and reducing sugars are heated together, and the caramelization reaction is a reaction that occurs when sugar is heated in acid or base and heating without water. 
	Aroma evaluation is highly dependent on the taste panel. Older animal meat has a stronger smell than younger animal meat. The aroma of cooked meat is influenced by the age of the animal, type of feed, species, sex, fat, livestock breed, duration and conditions of meat storage after slaughter, and cooking temperature (Budianto, 2021). According to Hartanto et al. (2015), the aroma of cooked meat is generally specific to the type of livestock, but changes can arise from additives. The aroma and taste of meat are determined by substances or compounds that are soluble in water and fat, as well as the release of essential compounds found in meat. 

3.3.2 Texture
	Texture is an important factor in the selection and consumption of food ingredients. According to Zhou et al. (2020), the texture of a food ingredient determines the factors that influence its acceptance. Based on the sensory evaluation texture test results in Table 4, it can be seen that the higher the percentage of moringa leaf powder added, the lower the sensory evaluation texture value of the product. The decrease in sensory evaluation texture evaluation results is due to the addition of spices in the production of free-range chicken dendeng, which can affect the texture. The sugar content used in the production of dendeng acts as a humectant, lowering Aw aw to inhibit microbial activity, helping to reduce the saltiness produced by salt, giving the product a soft impression, and also affecting the taste and color of the dendeng. According to Siegers et al. (2023), the higher the sugar added to the dendeng, the softer the resulting texture, and conversely, the lower the sugar added to the dendeng, the tougher the resulting dendeng. According to Elmas et al. (2021), proper processing and the addition of ingredients such as salt, sugar, and others affect the texture. The addition of moringa leaf powder in the production of dendeng is one of the efforts to improve the texture of free-range chicken dendeng, namely a tender and juicy texture while increasing the fiber content in dendeng.
	The meat used in this study was free-range chicken meat, which is tougher than broiler chicken meat, giving the product a more pronounced chicken flavor. According to Parana et al. (2024), meat tenderness is a complex quality characteristic influenced by many factors, including biochemical factors before and after slaughter. The texture of processed meat is greatly influenced by the type of meat used, the processing method, and the ingredients added. The texture of chicken dendeng is influenced by its appearance and sensory impression, with tenderness and texture likely being the most important determinants of meat quality. Factors affecting meat tenderness are classified into ante-mortem factors such as genetics, including breed, species, and physiology, age, management, sex, and stress. In addition, there are also postmortem factors, which include chilling methods, refrigeration, aging, and freezing, as well as storage temperature (Mohamed and Sumarmono, 2023). The above factors need to be further researched using other poultry species in order to produce a softer dendeng texture that is more preferred by consumers. 

3.3.3 Taste
	Based on Table 4, the results of sensory evaluation taste testing showed a downward trend. The average taste score ranged from 2.40 to 3.62, which means that free-range chicken dendeng produced a taste that was quite liked by the panelists. The taste of dendeng is determined by the fat in the meat and the spices used. Different formulations of flavor components and spices produce processed meat products with different flavors (Budianto, 2021). During the seasoning and drying process, flavors are formed that enhance the taste and aroma of dendeng. Free amino acids are one of the components that directly affect the taste of meat products. The decrease in the sensory evaluation taste score was caused by the addition of moringa leaf powder, which was 7.5% higher than the other treatments. Moringa leaf powder have a slightly bitter and sour taste, so the resulting flavorwas less preferred by the panelists. The process of making dendeng with the addition of moringa leaf powder aims to preserve it and prevent it from becoming rancid. According to Putri (2024), the composition of binding agents and spices used, such as palm sugar, can make the chicken dendeng taste savory. The savory taste is determined by the presence of glutamate amino acids in proteins, which have the ability to enhance flavor. The heating time also affects the taste of fermented free-range chicken dendeng, as there are changes in the chemical composition during the heating process. 

3.3.4 Color
	The data and results of the sensory evaluation color quality score analysis of fermented free-range chicken dendeng with the addition of moringa leaf powder at different percentages can be seen in Table 4. The sensory evaluation color score for fermented free-range chicken dendeng in the control treatment, without the addition of moringa leaf powder (T0), had the lowest score. This is because fermented free-range chicken dendeng without the addition of moringa leaf powder tends to have a paler or less browncolor because it is made from free-range chicken meat, which tends to be white in color, making the dendeng product less appealing. The treatment (T1) resulted in a blackish-brown color and a slightly strong meat aroma. The treatment results (T2) decreased due to the addition of more moringa leaf powder, which produced a slightly weaker meat aroma compared to treatment (T1). The higher the addition of moringa leaf powder, the greener the color of the product, making it more attractive. This is in accordance with the opinion of Barikah et al. (2021) that moringa leaf powder has a green color. The green color in moringa leaf powder is caused by the chlorophyll content. The higher the percentage of moringa leaf powder used, the stronger the green color produced. 

3.4 The Effect of Adding Moringa Leaf Powder on the Lab* Color of Fermented Free-Range Chicken Dendeng
	The results of the analysis of variance show that the addition of moringa leaf powder at different percentages had a significant effect (p<0.05) on the L* color, a very significant effect (p<0.01) on the a* color, and no effect (p>0.05) on the b* color. The data and results of the Lab* color intensity analysis on fermented free-range chicken dendeng with different percentages can be seen in Table 5.

Table 5. Average Lab* Color Values in Fermented Free-Range Chicken Dendeng
	Treatment
	Lightness (L*) ± SD
	Redness (a*) ± SD
	Yellowness (b*)± SD

	T0
	36.44 ± 3.02b
	8.57 ± 2.02d
	0.80 ± 0.03a

	T1
	35.15 ± 1.27a
	1.13 ± 1.03a
	0.88 ± 0.02b

	T2
	32.80 ± 1.04a
	2.04 ± 0.14ab
	0.83 ± 0.03a

	T3
	31.55 ± 1.03a
	2.08 ± 0.87c
	0.84 ± 0.01a



3.4.1 Lightness (L*)
The range of L* color values shown in Table 5 illustrates that the dendeng has a relatively dark color, which is influenced by factors such as moringa leaf powder and the fermentation process. The decrease in L* brightness intensity in the study of fermented free-range chicken dendeng with the addition of moringa leaf powder was due to the addition of moringa leaf powder, which affected the color of the product, making it tend to be blackish brown. The color of the dendeng is formed due to the Maillard reaction, which is a non-enzymatic browning reaction that occurs due to the reaction between reducing sugars and amino acids or proteins, forming dark-colored complex pigments (Ruan et al., 2018). 
	According to Ario et al. (2015), the L* color is a brightness parameter with a value ranging from 0 (dark) to 100 (bright), so it can be said that the higher the brightness intensity value, the brighter the color of the product being tested. The L* color of dendeng is not affected by the concentration of L. plantarum and the duration of fermentation because the drying temperature of dendeng using an oven ranges from 80-90°C. According to Sorensen et al. (2017), a temperature of 120°C affects the release of iron (Fe) in meat, which has an impact on color changes in the subsequent process. If the temperature is below 120°C, the Fe contained in the meat is still bound to myoglobin because the protein has not been completely degraded. The color of jerky products (a product similar to dendeng originating from the United States) is influenced by the temperature during heating (Afgani and Magdalena, 2023).

3.4.2 Redness (a*)
	The results in Table 5 show that fermented free-range chicken dendeng with added moringa leaf powder varies in red color intensity, with some samples showing a stronger red color. A higher percentage of moringa leaf powder addition resulted in a redder color of fermented free-range chicken dendeng. The L* and a* values showed a similar pattern to that reported by Fadhillah et al. (2022), who stated that the L*color of fermented sausage ripening decreased to a darker color due to weight loss, as did the a* color. The difference in a* color depends on the amount of pink-red nitrosomyoglobin pigment (Akramzadeh et al., 2020). The reaction of myoglobin with oxygen forms oxymyoglobin (MbO2) in meat and affects the red color of the meat. The addition of nitrite in the production of chicken dendeng causes a series of reactions to form nitosilomyoglobin (MbNO2). The MbNO2 compound causes the red color in meat and is stable up to a temperature of 120°C (Astini, 2020). This opinion supports the view that the red color of fermented free-range chicken dendeng using L. plantarum does not affect the red color of the dendeng.

3.4.3 Yellowness (b*)
	The results of the analysis of variance in Table 5 show that the addition of moringa leaf powder at different percentages had no effect (p>0.05) on the b* color. This study produced fermented free-range chicken dendeng with the addition of moringa leaf powder, with the best treatment in terms of color quality being T1, which produced the highest yellow color. The concentration of L. plantarum affects the yellow color of the dendeng because one of the ingredients used to make dendeng is brown palm sugar, whose brown color can be preserved by L. plantarum pigments. According to Irma (2022), L. plantarum has the ability to improve color and act as a meat preservative. The level of yellow color in dendeng can also be due to non-enzymatic browning reactions. This reaction begins with the condensation between free amino groups and carbonyl groups in reducing sugars to form colorlessglycosimines, followed by the breakdown of the products to produce dark yellow compounds. The next stage involves Strecker degradation, which is the breakdown of free amino acids into aldehydes and N-heterocyclic compounds as well as dark/red compounds (Houra et al., 2020).

4. Conclusion

It can be concluded that the percentage of moringa leaf powder added at the rate ofwas 2.5% (T1), which had the best treatment value in terms of physicochemical and sensory evaluation tests. Based on the results of the study, it is recommended to use a formulation with 2.5% moringa leaf powder and to conduct further research on the drying time and shelf life of free-range chicken dendeng, then identify its nutritional content. 
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