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Abstract. The current evaluation of chicken meat freshness is typically conducted through traditional methods, such as laboratory testing or sensory analysis, including smell and water content examination. While previous studies have shown that near-infrared spectroscopy (NIRS) can evaluate meat freshness quickly and accurately, the technology remains costly and limited to major cities. To address this, a simple and affordable NIRS technology is necessary for broader use in maintaining food quality. This study proposes the development of a miniature NIRS device for measuring chicken meat freshness. The device emits visible, infrared, and UV waves, analyzing the reflected signals. The system is built using the Sparkfun AS7265X sensor, which operates within a spectral range of 410-940 nm. It detects key components such as fat, water, protein, and myoglobin. Tests were conducted on five fresh meat samples and five samples from traditional markets. Results showed fresh chicken meat had a spectrum density of 1.67-1.81 for myoglobin, 0.46 for metmyoglobin, 3.32 for deoxy myoglobin, 11.56 for sulmyoglobin, and fat levels ranging from 1.49 to 17.45. Among the five market samples, one was identified as not fresh. These findings indicate that the miniature NIRS can effectively detect chicken meat freshness. However, further testing in food laboratories is required to verify its accuracy.
Keywords: spectroscopy, infrared, miniature, chromosomes. 
INTRODUCTION
Every part of an organization or business system that aims to produce products or services that satisfy customers must implement quality control. This quality control aims to ensure customers that the product comes from a company with high quality and can meet their needs [1]. The Food and Drug Supervisory Agency or abbreviated as BPOM is fully responsible for controlling the quality of a food product in Indonesia. Good raw materials, if handled, processed, and distributed properly, will create a good product. In addition, the results of laboratory testing of the final product can not only guarantee the quality and safety of food. Therefore, it is important to know the freshness and safety of the raw materials used to make animal or vegetable products, especially in terms of freshness [2], [3]. This is related to efforts to minimize product damage during production. This study will focus on the analysis of chicken meat quality. Meat is one of the animal commodities that is a mainstay for the Indonesian people because chicken meat has a good taste, is cheap, and has abundant protein content. In addition, the frequent emergence of the issue of "Ayam Tiren" (chickens that die without being slaughtered) is the main factor for the author to carry out this study.
Currently, meat freshness testing is still carried out conventionally by checking in the laboratory. In recent years, research on meat freshness has been proposed using a classification method based on water content, physical form, color and smell of the meat. Based on the results of previous analysis, it was concluded that the Convolutional Neural Network (CNN) classification method has an excellent ability to identify the freshness of beef based on physical form and color images [4] [5] [6] . In 2023, Andryan Syahfitri said that meat freshness could be classified using the Hue, Intensity, and Saturation (HIS) color space transformation method with an accuracy of 88.9% [7]. Apart from the color and changes in physical form, meat freshness can be seen from the water content, pH, cooking loss and Water Holding Capacity (WHC) as stated by Isye J. Liur [8]. From the methods carried out, there are still several shortcomings such as the classification of meat freshness based on physical form, color and smell. These three components can still be manipulated by adding formalin or preservatives. Meanwhile, classification based on water content and pH can be manipulated by injecting water into the meat.
To cover the shortcomings of previous research, near-infrared spectroscopy technology is used where this technology works by emitting infrared, UV, and visible light waves. By applying this method, the freshness and quality of meat can be analyzed quickly and accurately where this method can detect moisture, protein, and fat content contained in meat, as shown in TABLE 1.
[bookmark: _Ref173840070] TABLE 1. Chromophores in various types of meat observed at different wavelengths
	Chromophores
	Type of meat
	Wavelength (nm)
	Method

	Water(O–H bonds)
	Chicken
	970
	Near Infrared Reflectance Spectroscopy (NIRS)

	
	Lamb
	890
	NIRS

	
	Ham
	980
	NIRS using a fiber optic

	
	beef
	970, 980
	NIRS

	
	pork
	960, 1440, 1450
	NIRS

	Fat (C-H bonds)
	Chicken
	880, 902, 930
	NIRS

	
	beef
	1200, 1400
	NIRS

	Protein (N-H bonds)
	beef
	1500
	NIRS

	
	lamb
	540, 580
	Visible Spectroscopy

	Myoglobin 
	Chicken
	425-550
	NIRS

	Deoxy myoglobin
	beef
	430
	Visible/ NIR Spectroscopy

	
	
	530
	Visible Spectroscopy

	
	Chicken
	540, 580
	Visible Spectroscopy

	Metmyoglobin
	beef
	475
	NIR Spectroscopy

	
	
	780
	Visible Spectroscopy

	
	Chicken
	440-445, 485-500, 560
	Visible/ NIR Spectroscopy

	Oxymyoglobin
	lamb
	424, 550
	Visible/ NIR Spectroscopy

	
	
	580
	Visible Spectroscopy

	
	Pork
	540, 580
	Visible Spectroscopy

	Sulf myoglobin
	Chicken 
	635
	Visible/ NIR Spectroscopy



Previous studies have shown that NIR Spectroscopy has a fairly good ability to assess meat quality and monitor relative absorbance alternation of oxymyoglobin and myoglobin in visible, fat, water, and collagen in NIR spectral ranges [9]. In the field of food research, this method is very popular so that many previous studies have used it to determine the damage to fresh beef, freshness, meat counterfeiting, formalin content in meat, freshness of sea fish, and the quality of rice bran [10] [11] [12] [13] [14]. So based on the results of previous studies, researchers proposed the development of miniature Near Infrared Spectroscopy using the Sparkfun AS7265X sensor.
METHODS
The development of miniature near-infrared spectroscopy consists of three stages, the first is designing miniature spectroscopy, the second is taking data sheets and the third is testing and analysis. The following FIGURE 1 is a block diagram of the development flow of miniature near-infrared spectroscopy. This study will focus on measuring the quality of chicken meat found in traditional markets in the Malang area.
[image: ]
FIGURE 1 Block diagram of the development flow of miniature near-infrared spectroscopy

Miniature near infrared spectroscopy consists of two hardware systems and software or desktop app. The proposed hardware system consists of an ESP-32 microcontroller and a Sparkfun AS7265X near infrared spectroscopy sensor. ESP-32 functions to send data from the spectroscopy sensor to the desktop app. Near infrared spectroscopy works by emitting visible, UV, and infrared light waves where this sensor is able to detect the presence of fat and protein [9]. The protein measured in this tool is myoglobin, where myoglobin is a respiratory protein that functions as a model system in various fields of biology [15], [16].  The wavelength used to measure the molecules contained in chicken meat is shown in TABLE 2.

[bookmark: _Ref174598285]TABLE 2. list of Chromophores or molecules and wavelengths in chicken meat
	Wavelengths (mm)
	Chromophores

	880, 902, 930
	Fat (C-H bonds)

	425-550
	Myoglobin

	540, 580
	Deoxy myoglobin

	485
	Metmyoglobin

	635
	Sulf myoglobin




The desktop app functions to process and display data sent by the ESP-32. The data processing method used in this system still uses a comparison of measurement data with reference data. The following is the flow of the miniature spectroscopy system.

[image: ]
FIGURE 2. System flow diagram

Data collection was carried out in 24 sessions with a time interval of 1 hour and in each session data collection was carried out 20 times. In this test there were 5 samples of chicken meat obtained from the chicken slaughterhouse, so that the meat obtained was confirmed to be fresh meat. These data will later be used as a datasheet for the implementation of chicken meat freshness measurements. Evaluation proposed system, will take five samples of chicken meat from traditional market by randomly in the morning at 09:00 AM.
RESULTS AND DISCUSSION
HARDWARE DESIGN
The following is the result of the miniature near infrared spectroscopy hardware design where this system consists of hardware and software. FIGURE 3 is the result of the miniature near infrared spectroscopy design where this miniature consists of one place for meat to be tested, one button as a start button, and three lights as indicators. This miniature is equipped with a Wi-Fi module to send data from the hardware system to the desktop app.

[image: ]
[bookmark: _Ref174633208]FIGURE 3. Miniature Near Infrared Spectroscopy

FIGURE 4 shows the results of the design of the desktop application to display the measurement data. In this desktop application we can see the spectrum values ​​of chicken meat Chromophores such as water, fat, and myogoblin as well as the results of the meat freshness classification. In the ESP-32 system test, it was able to send data well to the desktop application, as seen in the Wavelength recording data in TABLE 2.

[image: ]
[bookmark: _Ref174633903]FIGURE 4 Desktop app user interface
DATA COLLECTIONS
FIGURE 5 shows the optical density spectrum of chromophores in chicken meat tissue in sample 1 where the Chromophores components taken are fat, myoglobin, Deoxy myoglobin, Metmyoglobin, Sulf myoglobin. It can be seen in the first measurement that the optical density value for fat is 13 and in the second measurement it increases to 23. In the next measurement which was measured at the third hour and so on, it produced a high optical density value and continued to increase and fell again after the 15th hour. This proves that there is a change in the chromophore structure in chicken meat after the second hour which is caused by bacterial growth. As stated by previous researchers, meat stored at room temperature will only last for 2 hours. While the myoglobin chromophore and other compounds do not experience very significant changes. However, we should not ignore it because this chromophore is very important in binding nutrients and iron.



[bookmark: _Ref174651694]FIGURE 5. Optical density spectrum of chromophores in chicken meat tissue

From the data in FIGURE 5, we will then make a baseline where the measurement data for 2 hours will be used as a reference to determine the level of freshness of the meat. FIGURE 6 shows a baseline graph for fresh meat obtained from 5 samples tested. From the graph, it can be seen that fresh chicken has a myoglobin protein value of 1.67 and 1.81 while the supporting chromophore values ​​such as metmyoglobin are 0.46, deoxymyoglobin 2.32, and sulfmyoglobin 11.56. while the fat content has a spectrum density value between 1.49 and 17.45. The chromophore spectrum density value will be used as a reference to determine the freshness of chicken meat.

[bookmark: _Ref174682011]FIGURE 6.Baseline optical density spectrum of chromophores in fresh chicken meat

DATA COLLECTIONS
From the results shown, it can be seen that four chicken meats were declared fresh and 1 chicken meat showed indications of not being fresh. From FIGURE 7, it can be seen that sample 4 has a fairly high value, especially in the fat chromosome and myoglobin, and other samples have values ​​close to the baseline. In sample 5, there is a fairly large decrease in value from the baseline in the fat chromosome (860), but in other chromosomes it is still close to the baseline chromosome value.


[bookmark: _Ref179322182]FIGURE 7 Comparison of spectrum density values ​​for each sample

The measurement of chicken meat freshness is determined by finding the deviation value in the spectrum density value with the reference spectrum density value at the baseline, where the deviation determined is 30% of the baseline. Moreover, from this it can be concluded that sample 4 can be indicated as not fresh meat. The percentage of spectrum density deviation for each chromosome is shown in TABLE 3.

[bookmark: _Ref174686915]TABLE 3 Deviation value of density spectrum from each sample

	Sample
	Myoglobin (410)
	Myoglobin (435)
	Metmyoglobin (485)
	Deoxy myoglobin (585)
	Sulmyoglobin (645)
	Fat (860)
	Fat (900)
	Fat (940)

	1
	17%
	34%
	13%
	3%
	6%
	7%
	2%
	1%

	2
	10%
	14%
	13%
	19%
	6%
	16%
	32%
	27%

	3
	33%
	26%
	13%
	22%
	12%
	27%
	15%
	29%

	4
	137%
	92%
	20%
	117%
	77%
	110%
	176%
	337%

	5
	56%
	28%
	39%
	15%
	9%
	35%
	28%
	25%




CONCLUSIONS
Based on the tests that have been carried out, miniature near infrared spectroscopy can be said to be successful, where the hardware test in the form of a sparkfun AS7265x sensor can work well by reading the meat content seen based on the emitted wavelength. From the test results for each sample, it was found that fresh chicken meat has a spectrum density value on the myoglobin chromosome of 1.67 to 1.81, Metmyoglobin 0.46, Deoxy myoglobin 3.32, Sulmyoglobin 11.56, and fat between 1.49 to 17.45. From the testing of chicken meat taken randomly, it was found that there was 1 sample indicated as not fresh where there was a deviation in the average spectrum density value of 163%.
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hour

1	Myogoblin (410)	Myogoblin (435)	Metmyoglobin (485)	Deoxy myogoblin (585)	Sulmyogoblin (645)	Fat (860)	Fat (900)	Fat (940)	1.1744743105999997	1.2037903904	0.45948667529999998	2.5839137557000003	10.4972437844	12.734159374000001	2.5893550994000001	0.96050906200000008	2	Myogoblin (410)	Myogoblin (435)	Metmyoglobin (485)	Deoxy myogoblin (585)	Sulmyogoblin (645)	Fat (860)	Fat (900)	Fat (940)	2.4468214990999995	2.1297830340999999	0.45948667529999998	4.0604358672000007	12.623840809000001	22.166870212999999	5.3050201653000002	2.0170690299	4	Myogoblin (410)	Myogoblin (435)	Metmyoglobin (485)	Deoxy myogoblin (585)	Sulmyogoblin (645)	Fat (860)	Fat (900)	Fat (940)	4.3064058303999984	3.4261726376999997	0.55138401989999997	7.0134801388000003	16.515060710999997	39.145749285000001	9.9153352722000001	4.1301890609000003	6	Myogoblin (410)	Myogoblin (435)	Metmyoglobin (485)	Deoxy myogoblin (585)	Sulmyogoblin (645)	Fat (860)	Fat (900)	Fat (940)	5.5787529110999996	4.2595661402000005	0.55138401989999997	9.2809960842999999	19.772825716999996	47.517279053000003	12.7573107226	5.3788507941000008	8	Myogoblin (410)	Myogoblin (435)	Metmyoglobin (485)	Deoxy myogoblin (585)	Sulmyogoblin (645)	Fat (860)	Fat (900)	Fat (940)	2.9361858250999999	2.2223823067999993	0.55138401989999997	4.7459640499999995	13.121555138	24.171321488	6.0628801343000003	2.3052217484000002	10	Myogoblin (410)	Myogoblin (435)	Metmyoglobin (485)	Deoxy myogoblin (585)	Sulmyogoblin (645)	Fat (860)	Fat (900)	Fat (940)	1.087476213444444	0.92599260799999983	0.20421630811111113	2.4022780792222225	9.7531864382222224	9.1706910673333315	2.0349945095555557	0.64033937466666668	12	Myogoblin (410)	Myogoblin (435)	Metmyoglobin (485)	Deoxy myogoblin (585)	Sulmyogoblin (645)	Fat (860)	Fat (900)	Fat (940)	0.88085573279999974	0.92599260799999983	0.18379467730000001	2.5839138035000002	10.1352699286	4.7163553239999993	1.263100028	9.6050906199999994E-2	14	Myogoblin (410)	Myogoblin (435)	Metmyoglobin (485)	Deoxy myogoblin (585)	Sulmyogoblin (645)	Fat (860)	Fat (900)	Fat (940)	0.78298287359999974	0.92599260799999983	0.18379467730000001	2.636646748	8.5516339303000013	3.5372664929999997	0.63155001399999999	0.14407635929999998	16	Myogoblin (410)	Myogoblin (435)	Metmyoglobin (485)	Deoxy myogoblin (585)	Sulmyogoblin (645)	Fat (860)	Fat (900)	Fat (940)	0.29361857759999999	0.92599260799999983	0.13784600795000002	2.1093173030000005	8.5968809130000015	3.5372664929999997	0.63155001399999999	0.14407635929999998	18	Myogoblin (410)	Myogoblin (435)	Metmyoglobin (485)	Deoxy myogoblin (585)	Sulmyogoblin (645)	Fat (860)	Fat (900)	Fat (940)	9.7872859199999995E-2	0.92599260799999983	9.1897338600000003E-2	2.1093173030000005	8.8231143954999993	3.5372664929999997	0.63155001399999999	0.14407635929999998	20	Myogoblin (410)	Myogoblin (435)	Metmyoglobin (485)	Deoxy myogoblin (585)	Sulmyogoblin (645)	Fat (860)	Fat (900)	Fat (940)	0.19574571839999999	0.92599260799999983	0.13784600790000001	2.1093173149000006	8.5968809130000015	3.5372664929999997	0.63155001399999999	0.14407635929999998	22	Myogoblin (410)	Myogoblin (435)	Metmyoglobin (485)	Deoxy myogoblin (585)	Sulmyogoblin (645)	Fat (860)	Fat (900)	Fat (940)	0.29361857759999999	0.92599260799999983	0.27569201579999997	2.636646748	8.5968809130000015	3.5372664929999997	0.63155001399999999	0.14407635929999998	24	Myogoblin (410)	Myogoblin (435)	Metmyoglobin (485)	Deoxy myogoblin (585)	Sulmyogoblin (645)	Fat (860)	Fat (900)	Fat (940)	1.3981837032857141	1.3228465828571427	0.26256382471428574	4.0679691517142862	10.794579777285715	12.296212196142857	3.0675287075714288	0.96050906199999997	3	Myogoblin (410)	Myogoblin (435)	Metmyoglobin (485)	Deoxy myogoblin (585)	Sulmyogoblin (645)	Fat (860)	Fat (900)	Fat (940)	2.8383129240999994	2.3149815556999997	0.45948667529999998	4.956895685000001	13.800255967000004	27.354860877	6.4418101548999998	2.6894253968999999	5	Myogoblin (410)	Myogoblin (435)	Metmyoglobin (485)	Deoxy myogoblin (585)	Sulmyogoblin (645)	Fat (860)	Fat (900)	Fat (940)	5.2851343990999995	4.1669667481000001	0.55138401989999997	8.700934028399999	19.139371584999999	46.809826471000001	12.2520700917	5.2827999829000003	7	Myogoblin (410)	Myogoblin (435)	Metmyoglobin (485)	Deoxy myogoblin (585)	Sulmyogoblin (645)	Fat (860)	Fat (900)	Fat (940)	6.0681172133000008	4.629963159499999	0.55138401989999997	9.4391950622000014	19.863319396000001	49.639639854999999	13.704635713900004	5.5709526776000011	9	Myogoblin (410)	Myogoblin (435)	Metmyoglobin (485)	Deoxy myogoblin (585)	Sulmyogoblin (645)	Fat (860)	Fat (900)	Fat (940)	2.6425672472999997	2.2223823187000002	0.55138401979999996	4.4295664546999998	12.488100720100002	23.4638678568	5.7471051335999999	1.9210181238000001	11	Myogoblin (410)	Myogoblin (435)	Metmyoglobin (485)	Deoxy myogoblin (585)	Sulmyogoblin (645)	Fat (860)	Fat (900)	Fat (940)	0.97872859199999973	0.92599260799999983	9.1897338600000003E-2	2.1093173149000006	9.5018157007000017	4.7163553239999993	1.1999450266	0.36819514043333335	13	Myogoblin (410)	Myogoblin (435)	Metmyoglobin (485)	Deoxy myogoblin (585)	Sulmyogoblin (645)	Fat (860)	Fat (900)	Fat (940)	0.97872859199999973	0.92599260799999983	0.18379467730000001	2.636646748	9.4565688137000024	4.3626286746999989	1.0736350238000001	0.14407635929999998	15	Myogoblin (410)	Myogoblin (435)	Metmyoglobin (485)	Deoxy myogoblin (585)	Sulmyogoblin (645)	Fat (860)	Fat (900)	Fat (940)	0.48936429599999992	0.92599260799999983	0.18379467730000001	2.531180859	8.8683610920000007	3.5372664929999997	0.63155001399999999	0.14407635929999998	17	Myogoblin (410)	Myogoblin (435)	Metmyoglobin (485)	Deoxy myogoblin (585)	Sulmyogoblin (645)	Fat (860)	Fat (900)	Fat (940)	0.19574571839999999	0.92599260799999983	9.1897338600000003E-2	2.1093173030000005	8.5968809130000015	3.5372664929999997	0.63155001399999999	0.14407635929999998	19	Myogoblin (410)	Myogoblin (435)	Metmyoglobin (485)	Deoxy myogoblin (585)	Sulmyogoblin (645)	Fat (860)	Fat (900)	Fat (940)	9.7872859199999995E-2	0.92599260799999983	9.1897338600000003E-2	2.1093173030000005	8.5968809130000015	3.5372664929999997	0.63155001399999999	0.14407635929999998	21	Myogoblin (410)	Myogoblin (435)	Metmyoglobin (485)	Deoxy myogoblin (585)	Sulmyogoblin (645)	Fat (860)	Fat (900)	Fat (940)	0.24468214799999999	0.92599260799999983	0.18379467720000001	2.636646748	8.5968809130000015	3.5372664929999997	0.63155001399999999	0.14407635929999998	23	Myogoblin (410)	Myogoblin (435)	Metmyoglobin (485)	Deoxy myogoblin (585)	Sulmyogoblin (645)	Fat (860)	Fat (900)	Fat (940)	0.78298287359999974	0.92599260799999983	0.26912792025714283	2.7948455098000005	9.0041014673999999	4.7163553715999997	1.3262550414000001	0.19210181239999999	Chromophores


Wavelengths




Base Line	
Myogoblin (410)	Myogoblin (435)	Metmyoglobin (485)	Deoxy myogoblin (585)	Sulmyogoblin (645)	Fat (860)	Fat (900)	Fat (940)	1.8106479048499997	1.66678671225	0.45948667529999998	3.3221748114500005	11.5605422967	17.450514793499998	3.9471876323500004	1.4887890459499999	batas bawah	
Myogoblin (410)	Myogoblin (435)	Metmyoglobin (485)	Deoxy myogoblin (585)	Sulmyogoblin (645)	Fat (860)	Fat (900)	Fat (940)	1.1744743105999997	1.2037903904	0.45948667529999998	2.5839137557000003	10.4972437844	12.734159374000001	2.5893550994000001	0.96050906200000008	batas atas	
Myogoblin (410)	Myogoblin (435)	Metmyoglobin (485)	Deoxy myogoblin (585)	Sulmyogoblin (645)	Fat (860)	Fat (900)	Fat (940)	2.4468214990999995	2.1297830340999999	0.45948667529999998	4.0604358672000007	12.623840809000001	22.166870212999999	5.3050201653000002	2.0170690299	Chromophores (wavelengths)


density



Base Line	Myogoblin (410)	Myogoblin (435)	Metmyoglobin (485)	Deoxy myoglobin (585)	Sulmyoglobin (645)	Fat (860)	Fat (900)	Fat (940)	1.8106479048499997	1.66678671225	0.45948667529999998	3.3221748114500005	11.5605422967	17.450514793499998	3.9471876323500004	1.4887890459499999	sample 1	Myogoblin (410)	Myogoblin (435)	Metmyoglobin (485)	Deoxy myoglobin (585)	Sulmyoglobin (645)	Fat (860)	Fat (900)	Fat (940)	1.5	1.1000000000000001	0.4	3.21	10.84	18.649999999999999	4.01	1.48	sample 2	Myogoblin (410)	Myogoblin (435)	Metmyoglobin (485)	Deoxy myoglobin (585)	Sulmyoglobin (645)	Fat (860)	Fat (900)	Fat (940)	2	1.9	0.4	3.96	12.2	20.3	5.2	1.89	sample 3	Myogoblin (410)	Myogoblin (435)	Metmyoglobin (485)	Deoxy myoglobin (585)	Sulmyoglobin (645)	Fat (860)	Fat (900)	Fat (940)	2.4	2.1	0.52	4.0599999999999996	12.9	22.1	4.5199999999999996	1.92	sample 4	Myogoblin (410)	Myogoblin (435)	Metmyoglobin (485)	Deoxy myoglobin (585)	Sulmyoglobin (645)	Fat (860)	Fat (900)	Fat (940)	4.3	3.2	0.55000000000000004	7.2	20.5	36.64	10.9	6.5	sample 5	Myogoblin (410)	Myogoblin (435)	Metmyoglobin (485)	Deoxy myoglobin (585)	Sulmyoglobin (645)	Fat (860)	Fat (900)	Fat (940)	0.8	1.2	0.28000000000000003	2.83	10.5	11.4	2.83	1.1200000000000001	Chromophores (wavelengths)


density
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