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ABSTRACT

	Aims: To review the quality of rambak crackers with various storage times, the moisture content, fat content, water activity (Aw), yeast mold count (ymc), peroxide value, and free fatty acid (FFA) were assessed.
Study design:  Using a Completely Randomized Desgin (CRD)
Place and Duration of Study: The research was conducted at PT Java Mandiri Wagir, Mendalanwangi Village, Wagir District, Malang Regency. Testing was conducted at the Animal Product Technology Laboratory, Faculty of Animal Husbandry, Universitas Brawijaya, and the Food Quality and Safety Testing Laboratory, Faculty of Agricultural Technology, Universitas Brawijaya, from May 1 to August 1, 2025.
Methodology: Using a laboratory experimental method with 4 treatments and 5 replications. The treatments consisted of W0 (control), W1 (stored for 2 weeks), W2 (stored for 3 weeks), and W3 (stored for 4 weeks). Data were analyzed using Analysis of Variance (ANOVA) and continued with Duncan’s Multiple Range Test (DMRT).
Results: The results showed a very significant effect (p<0.01) on water activity (0.357-0.692), peroxide value (47.16-66.73 meq/g), free fatty acid (0.23-2.24%), and yeast mold count (1.941-3.085 log CFU/g) and no significant difference (p>0.05) on moisture content (6.62-8.56%) and fat content (33.33-40.62%).
Conclusion: It can be concluded that the best treatment was produced by rambak crackers without storage (control) in terms of the variables mentioned.
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1. INTRODUCTION 

cattle hide is a livestock waste product with limited utilization. Utilization of cattle hide can be achieved by processing it into non-food or food products (Amertaningtyas et al., 2024a). A common method of processing cattle hide into food is the processing of rambak crackers. Rambak crackers are known as a traditional food product made from cattle hide, and are highly sought after for their crispy texture and distinctive savory flavor. The high collagen content of cattle hide gives the crackers their distinctive structure. This utilization can increase the economic value of cattle hide and also reduce organic livestock waste. During the processing process, a drying stage is carried out to reduce the moisture content of the crackers. People generally still use the traditional method of drying the crackers in the sun. This drying method tends to be less efficient because it takes a long time and the results are not always optimal (Lilir et al., 2021).

The processing stages will affect the shelf life of rambak crackers. Suboptimal processing combined with improper storage can cause physical, chemical, and microbiological changes in rambak crackers. Improper storage can reduce crispiness, increase free fat content, and cause a rancid odor due to oxidation. Rancidity can occur because rambak crackers contain fat and protein (Rashidinejad et al., 2014). The active compounds contained in rambak crackers are easily degraded during storage, especially if not packaged properly.

Therefore, research is needed on the changes in the quality of cattle hide crackers during storage. Evaluation of quality both chemically, physically, and microbiologically is important to determine the stability of the product and its safety during storage. The parameters tested are parameters related to the growth of microorganisms, namely moisture content and water activity (Aw), while fat damage that can cause rancidity will be tested using the parameters of fat content, peroxide value, and free fatty acid (FFA). In addition, as an indicator of food safety, a yeast mold count (YMC) test will be carried out. This study aims to determine the effect of storage time on the quality of rambak crackers based on the parameters mentioned.

2. material and methods 

The research was conducted at PT Java Mandiri Wagir, Mendalanwangi Village, Wagir District, Malang Regency to determine the process of making cattle hide crackers. Furthermore, testing was conducted at the Animal Product Technology Laboratory, Faculty of Animal Husbandry, Unversitas Brawijaya and the Food Quality and Safety Testing Laboratory, THP, Faculty of Agricultural Technology, Universitas Brawijaya. The research was conducted from May 1 to August 1, 2025. The method used was a laboratory experiment method with a Completely Randomized Design (CRD) consisting of 4 treatments and 5 replications. The treatments are as follows:
W0: rambak crackers without storage (control)
W1: rambak crackers that have been stored for 2 weeks
W2: rambak crackers that have been stored for 3 weeks
W3: rambak crackers that have been stored for 4 weeks

The ingredients used during the processing process are cattle hide as the main ingredient, water, oil, and salt.

2.1 The process of processing cattle hide crackers

The cattle hide is washed repeatedly using clean water to remove dirt, blood, and any remaining meat. The hide is then boiled or soaked in hot water (±50–60°C) for 20–30 minutes, to facilitate the scraping process. The softened hide is scraped using a knife to remove the hairs on the hide. The cleaned hide is boiled again at a temperature of ±60–80°C for 20–30 minutes until the hide is soft. Next, it is drained and sliced according to the desired size but must be uniform. The cut hide is dried in an oven for 4–6 hours at a temperature of ±60–80°C. The dried hide is first fried in hot oil (100°C) for 2–3 hours to make rambak crackers. The crackers are fried again in hot oil at around 170–190°C until they expand. The cooked rambak crackers are drained and cooled after which they are packed in an airtight container.


2.2 Physicochemical and Microorganisms Characteristics

2.2.1 Moisture content

Moisture content testing was carried out using the oven method (AOAC, 2005). The test began by drying the petri dish in an oven at a temperature of 105°C for 3 hours, then desiccated for 1 hour. After that, weighed and added 5 grams of sample. Put the petri dish back into the oven at 105°C for 3 hours, then desiccated for 1 hour. Weigh the petri dish and perform calculations using the following formula:

Water Content (%) =x 100%

Information:
a = weight of petri dish (g)
b = weight of petri dish + sample before oven (g)
c = weight of petri dish + sample after oven (g)

2.2.2 Fat Content

Fat content testing was performed using the Soxhlet method (AOAC, 2005). A fat flask suitable for the Soxhlet extraction apparatus was prepared and then dried in an oven at 105°C.°C for 30 minutes and desiccated for 15 minutes, then weighed. Weigh a 5-gram sample on filter paper, weigh it, and tie it with fat-free cotton wool. Add sufficient fat solvent to the fat flask. The Soxhlet extraction apparatus is installed and heated for 3-4 hours. The solvent is distilled and the fat flask is dried in an oven at 105°C and desiccated for 30 minutes, then weighed. The calculation is carried out using the following formula:

Fat Content (%) =x 100%

Information:
w = sample weight (g)
w1 = sample weight before extraction (g)
w2 = sample weight after extraction (g)

2.2.3 Water Activity (Aw)

Water activity testing was performed using an Aw meter (AOAC, 2005). The instrument was calibrated using BaCl2H2O solution. The sample was placed 3/4 full into the Aw meter cup. The Aw cup was inserted into the Aw meter and the indicator was allowed to stabilize for 15-30 minutes. Record the Aw value after the indicator stabilized.

2.2.4 Yeast Mold Count (YMC)

Yeast count testing was performed using the plate count method (IFDA, 2006). A 10 g sample of rambak crackers was diluted in stages using sterile solutions. Afterward, 1 ml of each dilution was placed on Potato Dextrose Agar (PDA) media and incubated at 25-28°C.°C for 3-5 days. After incubation, the mold and yeast colonies that grow on the plate are counted, with the number of colonies between 10-150, and the results are expressed in CFU/g. The calculation is performed using the following formula:

YMC (CFU/g) = number of colonies X dilution factor

2.2.5 Peroxide Value

The peroxide value test was carried out using the iodometric method (AOCS, 1998). The test was carried out by dissolving 1 g of sample into trimethylpentane (test solution 1). 1 ml of p-anisidine solution (2.5 g/L) was added to 5 ml of test solution 1. Shaken and protected from light. 1 ml of p-anisidine solution (2.5 g/L) was added to 5 ml of trimethylpentane solution (reference solution). Shaken and protected from light. Measured at 350 nm (absorbance value of test solution 1). Measured at 350 nm after 10 minutes the solution was prepared (test solution 2). calculated using the following formula:

(meq/kg) Peroxide Value =

Information:
A1 = absorbance of test solution 1
A2 = absorbance of test solution 2
G = mass of sample used in the test solution (1 g)

2.2.6 Free Fatty Acid (FFA)

Free fatty acid (FFA) testing uses the acid-base titration method (Jati et al., 2021). The test is performed by weighing a 14 g sample and placing it in an Erlenmeyer flask. 25 ml of 95% neutral alcohol is added and heated to 40°C.°C. Add 2 ml of phenolphthalein (PP) indicator. Titrate with 0.1 N NaOH solution until pink and the color persists for 30 seconds. Then calculate using the following formula:

FFA (%) =x 100%

3. results and discussion

The results show that the appearance of the rambak crackers varied depending on the storage time. The appearance of the rambak crackers for each treatment can be seen in Figure 1.
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Figure 1. Rambak Crackers with Different Storage Times (W0: control, W1: 2 weeks storage, W2: 3 weeks storage, W4: 4 weeks storage)

A quick glance only reveals a difference in the color of the rambak crackers. This difference can lead to a decrease in consumer preference, as the color of the rambak crackers is less appealing. The change in color indicates that the quality of rambak crackers declines with time. Therefore, several tests are necessary to determine whether rambak crackers are still fit for consumption.

3.1 Moisture Content, Water Activity (Aw), and Yeast Mold Count (YMC)

Moisture content testing of rambak crackers is conducted to determine product quality and shelf life. Moisture content testing is closely related to water activity testing and yeast growth. High water activity, in proportion to moisture content, can result in a product with a short shelf life. The average moisture content, water activity, and YMC values for rambak crackers with different storage periods are shown in Table 1.

Table 1. Average Water Content, Water Activity (Aw), and Yeast Mold Count (YMC) of Rambak Crackers with Different Storage Times.

	Treatment
	Water content (%)
	Water Activity
	YMC (log CFU/g)

	W0
	6.62± 0.52
	0.357± 0.009848a
	1.941± 0.08a

	W1
	6.87± 0.67
	0.667± 0.007245b
	2.376± 0.07ab

	W2
	7.44±1.28
	0.686± 0.007000b
	2.407± 0.45ab

	W3
	8.56± 1.06
	0.692± 0.000002b
	3.085± 0.45b


Description: a, ab, b Different superscripts in the same column indicate a very significant difference (p<0.01)

3.1.1 Moisture Content

Testing the moisture content of rambak crackers with different storage periods showed no difference between treatments (p>0.05). As storage time increased, rambak crackers produced an increase in moisture content, although not significantly. Moisture absorption occurs because rambak crackers are hygroscopic and have a microstructure that can absorb moisture. This is consistent with previous research that stated that rambak crackers easily absorb water vapor during storage depending on the packaging material and room humidity (Purnamayati et al., 2019). Moisture absorption will also reduce crispiness. This is consistent with previous research that stated that the stability of moisture content will affect the physical properties of rambak crackers, such as crispness (Ibadullah et al., 2019). This moisture content is still considered ideal for crackers because it is below 10% (Thanompongchart et al., 2016). 

The drying process also plays a significant role in regulating the moisture content of crackers. This is consistent with previous research, which found that incomplete drying increases the final moisture content of crackers (Kusumaningrum et al., 2020). Furthermore, packaging and storage temperature can also affect the moisture content of crackers. This is consistent with research showing that airtight packaging slows the increase in moisture content during storage (Li et al., 2025). Crackers stored at 35°C will increase the moisture content as storage time increases (Amertaningtyas et al., 2024b).

3.1.2 Water Activity (Aw)

Testing the Aw of rambak crackers with different storage periods revealed a significant difference between treatments (p<0.01). The Aw value increased with storage time. This increase indicates that rambak crackers absorb free water from the environment. This finding aligns with previous research, which found that the pore structure of dried foods can absorb small amounts of water but can increase Aw without increasing the water content (Maisont et al., 2021). An increase in Aw above 0.67 during storage indicates that the rambak crackers are in a zone that is highly conducive to microbial growth. This finding aligns with previous research, which found that when Aw exceeds 0.5-0.6, they lose their crispiness and begin to grow certain microbes (Singh et al., 2017). Conversely, products with Aw below 0.6 effectively suppress bacterial growth (FAO & WHO, 2023). Products with higher Aw experience rancidity and changes in texture more quickly (Maisont et al., 2021).

3.1.3 Yeast Mold Count (YMC)

Increased moisture content and water activity can lead to the growth of mold and yeast in food products. Testing the mold and yeast counts on rambak crackers with different storage periods show significant differences between treatments (p<0.01). Mold and yeast counts increased during storage, significantly. The significant increase YMC rambak crackers are dangerous if consumed because the results exceed the established standards. The mold and yeast count for rambak crackers have a maximum limit of 2.30 log CFU/g (IFDA, 2024). This increase may occur because the moisture content in rambak crackers can act as a medium for mold and yeast growth. Even though the moisture content is below 10%, humidity in the packaging can potentially support mold and yeast growth. This finding is consistent with previous research suggesting that condensation within the packaging can create a medium for mold and yeast growth (Qian et al., 2021). Furthermore, the presence of oxygen in packaging can also accelerate the growth of mold and yeast during storage. This is consistent with previous research that found that oxygen can accelerate the growth and development of mold and yeast (Yadav et al., 2019).

3.2 Fat Content, Peroxide Number, and Free Fatty Acid (FFA)

Fat content testing is closely related to the peroxide value and free fatty acid (FFA) content. All three are related to the fat content of rambak crackers during storage. The level of fat content will affect the peroxide value and FFA. The average fat content, peroxide value, and FFA values of rambak crackers with different storage periods are shown in Table 2.

Table 2. Average Fat Content, Peroxide Value, and FFA of Rambak Crackers with Different Storage Times.

	Treatment
	Fat Content (%)
	Peroxide Value (meq/g)
	FFA (%)

	W0
	33.33± 4.80
	47.16± 6.93a
	0.23± 0.04a

	W1
	44.23± 2.27
	64.27± 4.95b
	0.44± 0.06b

	W2
	41.76± 2.70
	64.36± 5.05b
	0.65± 0.05c

	W3
	40.62± 0.75
	66.73± 2.78b
	2.24± 0.05d


Description: a, b, c, d Different superscripts in the same column indicate a very significant difference (p<0.01)

3.2.1 Fat Content

The analysis results in Table 2 show that different storage treatments did not significantly affect the fat content of rambak crackers (p>0.05). The resulting fat content increased in treatment W1 and subsequently decreased, but not significantly. This may occur because beef skin crackers have a low moisture content and are not exposed to extreme storage conditions that can accelerate fat oxidation. However, this decrease can accelerate the formation of degradation compounds that cause rancidity. This is consistent with previous research which stated that although total fat content does not change significantly, the decrease that occurs over storage time can form compounds such as aldehydes and ketones that cause rancidity (Karim et al., 2025). Excessively high and unstable fat content will also decrease consumer preference (Amertaningtyas et al., 2024). Furthermore, the product drying process also affects the fat content of beef skin crackers (Lilir et al., 2021). 

3.2.2 Peroxide Value

The peroxide value is a test used to detect oxidized fat in food in the form of peroxides. The analysis results in Table 2 show that storage treatments with different durations significantly affected the peroxide value of rambak crackers (p<0.01). The resulting peroxide value increased inversely with the fat content. This may occur because low fat content indicates greater oxidation, resulting in an increase in the peroxide value. This increase can shorten the storage time of rambak crackers. This is consistent with previous research stating that excessively high peroxide levels can cause food damage (Hassanzadazar et al., 2018).

Although safe for consumption based on the peroxide value, an increase in the peroxide value will result in a slightly dark yellow color in the rambak crackers. A peroxide value of a food ingredient that is more than 10 meq/kg will be dangerous if consumed (Ghobadi et al., 2018). Previous research also stated that the dark yellow color can occur due to the presence of unstable peroxide components that easily decompose to form aldehydes, ketones, and free fatty acids, thus darkening the food during storage (Karim et al., 2025; Hassanzadazar et al., 2018). The very low water content in rambak crackers can also cause high peroxide values because it accelerates the interaction between fat and oxygen.

3.2.3 Free Fatty Acid (FFA)	

An increase in peroxide value is in line with an increase in FFA. The two interact to form a cycle of fat deterioration that eventually results in rancidity, making the product unsafe for consumption (Rifqi et al., 2025; Khalid et al., 2021). The analysis results in Table 2 show that storage treatments with different durations significantly affected the FFA of rambak crackers (p<0.01). This increase may occur due to the low moisture content of rambak crackers, which causes the fat to interact with oxygen, leading to oxidation, which increases the FFA of the product. This oxidation forms hydroperoxides, which also increase the peroxide value, causing the product to deteriorate if stored for a long time (Borah et al., 2025). This is consistent with previous research stating that high FFA in food ingredients will reduce quality and increase the rate of oxidation of food ingredients (Rifqi et al., 2025). During the storage period of rambak crackers, the peroxide value will initially increase significantly, while the FFA will increase slowly. Over long periods of storage, the peroxide value remains stable, but FFA levels continue to increase. High storage temperatures can also accelerate FFA formation (Rifqi et al., 2025).

4. Conclusion

The results of the study showed that the quality of rambak crackers stored for various storage periods had a very significant effect (p<0.01) on water activity, peroxide value, and FFA, and was not significantly different (p>0.05) on water content, yeast and mold counts, and fat content. The best results were shown by rambak crackers without storage in terms of moisture content (6.62%), water activity (0.357), yeast mold count (1.941 log CFU/g), fat content (33.33%), peroxide value (47.16 meq/g), and free fatty acid (0.23%). 
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