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Abstract

:

Beef is a perishable food product susceptible to deterioration due to microbial growth. Therefore, this study aimed to ascertain how active and intelligent packaging performs by tracking the change in the quality of fresh beef stored at low temperatures. The intelligent packaging method employed indicators with solutions of Bromo Phenol Blue (BPB) and Phenol Red (PR) to monitor the change in beef quality. Additionally, active packaging used garlic extract with various concentrations at 0%, 15%, and 20% to maintain the quality of beef packaged at 10 °C temperatures. The findings illustrated that a packaging indicator label can be implemented to monitor the change in the quality of fresh beef stored at 10 °C temperatures. This was signified by a change in the indicator color from dark yellow to orange and red, fading to purple. Meanwhile, observations on active packaging demonstrated that 15% and 20% of garlic extract were the most effective approaches for preserving beef quality. The correlation level of indicator label color analysis and the effectiveness of active packaging with all beef spoilage metrics demonstrated a positive correlation in preserving quality and identifying the degree of beef damage. Therefore, these active and intelligent packaging indicators can be applied to monitor and retain the quality of packaged beef.
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1. Introduction


Beef is categorized as a perishable food due to its restricted shelf-life and susceptibility to quality degradation during storage. The high protein, water, nitrogen, and fat contents in the beef act as favorable media, making it prone to the growth of spoilage microorganisms [1,2,3].



The rapid decline in beef quality jeopardizes consumer health and results in distributors’ losses [4]. Indispensable factors, namely marketing and packaging conditions, catalyzes the decline in quality. Poor conditions, such as open marketing spaces without packaging and serving in unsanitary places with high air temperatures, consequently accelerated pathogenic microbial contamination, characterized by changes in color, texture, and flavor, leading to spoilage.



In order to extend the shelf-life and monitor the quality of beef products, an innovative approach of smart packaging, a combination of intelligent and active packaging, can be introduced. This packaging is capable of not only monitoring and alerting to a change in quality based on variations of the indicator color but also releasing an active substance that can prevent microbial contamination. Implementation of this practice will prove to be beneficial for both distributors and sellers by reducing losses, adjusting market prices based on intelligent packaging information [5,6,7,8,9,10], and protecting the products from spoilage from microbial contamination. The growth of microorganisms can be inhibited by applying active packaging containing antimicrobials, such as garlic essential oil [11]. Garlic extract contains allicin compounds that have an anti-bacterial function [12,13,14], which can inhibit a change in the color, aroma, and taste of beef [9,15,16,17]. Nevertheless, garlic (Allium sativum L.) possesses a strong taste and aroma due to its high phenolic and sulfuric content [18]. Organosulfur plays a significant role in the development of flavor and scent, including allicin, diallyl sulfide, and diallyl trisulfide [19]. The strong taste and aroma alter the food product, which also has an adverse effect on the product’s organoleptic acceptance [20]. Therefore, it is essential to use the proper quantity of garlic, and as little as possible, to prevent sensory changes to food products.



The application of active packaging has been studied by several researchers, including Wiastuti et al., who applied ginger oleoresin in various concentrations in the production of active packaging, and Iriani et al., who added garlic extract as an active substance applied to fresh beef product [2,21].



Similarly, smart (a combination of intelligent and active) packaging has proven to be comparatively more effective in providing information about the state of packaged food, reducing the wastage of products, and protecting from spoilage by microbial contamination [22,23,24,25,26,27]. Since intelligent packaging is only effective in maintaining the shelf life of packaged products, a combination with active packaging is essential. Therefore, this study aimed to emphasize the effectiveness of applying both intelligent and active packaging on beef stored at 10 °C temperatures, which was evaluated by observing changes in beef, such as the pH values, Total Bacterial Count (TBC), Total Volatile Basic Nitrogen (TVBN), and Thio Barbituric Acid (TBA), as well as indicator sensitivity to change in addition to the deterioration in beef quality. This study assessed the freshness of beef packaged in smart packaging based on the indicator’s shelf life and color change when stored at 10 °C.




2. Materials and Methods


2.1. Materials


The materials used were fresh beef (Makassar, Indonesia), filter paper (WhatmanTM) (Merck, Darmstadt, Germany), Bromothymol Blue (BTB) (Merck, Darmstadt, Germany, CAS No:76-59-5), Phenol Red (PR) (Merck, Darmstadt, Germany, CAS No. 34487-61-1), garlic, 96% alcohol (Merck, Darmstadt, Germany), tapioca starch (rose brand, Jakarta Selatan, Indonesia), acetic acid (Sigma Aldrich, St. Louis, MO, USA), food grade chitosan powder (Sigma Aldrich, St. Louis, MO, USA), tween® 80 (Sigma Aldrich, St. Louis, MO, USA, CAS No.9005-65-6), hydrochloric acid (HCL) (Merck, Darmstadt, Germany), 2-Thiobarbituric acid (TBA) (Merck, Darmstadt, Germany), glacial acetic acid (Brenntag Inc., Essen, Germany), trichloroacetic acid (TCA) (Merck, Darmstadt, Germany), K2CO3 (Merck, Darmstadt, Germany), and nutrient agar (Merck, Darmstadt, Germany).




2.2. Stages


2.2.1. Preparation of Intelligent and Active Packaging Indicators


The intelligent packaging indicator was prepared using 2 × 4 cm filter paper (Whatman TM) soaked in 10 mL of a solution of BTB and PR at a pH of 5 with a ratio of (1:1) for 24 h at room temperature (28 ± 2 °C). The indicator was washed with running water to remove the unbound solution in the filter paper membrane. Subsequently, it was dried with a hair dryer (Philips) and stored in a closed container [28,29].



Active packaging was assembled using 110 mm filter paper (Whatman TM) of approximately 15 g that was soaked for 24 h in 20 mL of distilled water. The filter paper was crushed to form a pulp, which was added with tapioca starch solution (rose brand) 30% (w/w), 100 mL of acetic acid (Sigma Aldrich, St. Louis, MO, USA) 1% (w/v), and food-grade chitosan powder (Sigma Aldrich, St. Louis, MO, USA) 0.45% (w/w). Garlic extracts at 0%, 15%, and 20% (w/w) were added to 50 mL of distilled water and put into the pulp. After becoming homogeneous, 0.205 g of tween® 80 (Sigma Aldrich, St. Louis, MO, USA) was poured and stirred until an emulsion was formed. Further, the solution was poured onto a 20 cm × 30 cm tray to form a wet paper sheet and dried at 30 °C for 48 h [21].




2.2.2. Application of Intelligent and Active Packaging on Fresh Beef


Approximately 250 g of fresh untreated beef (tenderloin) with a postmortem pH of 5.4 obtained from the Tamangapa Raya Makassar Slaughterhouse, Makassar, Indonesia, was packed in Styrofoam (1.05 g/cm3) and covered with Low-Density Polyethylene (LDPE) (0.9 g/cm3) plastic. Furthermore, the indicator label was placed inside the packaging and affixed to the surface of the LDPE instead of directly touching the product. The sample was stored at 10 °C and observed for 0, 3, 6, 9, 12, and 15 days. The indicators were compared with the result of each rot test analysis for the beef (pH, TVBN, TBC, and TBA). The smart packaging implementation design is shown in Figure 1.





2.3. Observation Parameters


2.3.1. Analysis of Intelligent Packaging Indicator Color Change


The indicator color was measured using a digital colorimeter test (T-135) for the values of L (brightness), a (red-green mixed chromatic color), and b (blue-yellow chromatic color) by attaching the colorimeter sensor to the label. Indicator color quantification was carried out using a digital camera to capture the indicator image visually. Images were taken under identical light settings from a distance of ±20 cm and placed in a box [29,30]. The a and b values obtained were converted to Hue with the formula:


◦Hue = tan−1 (b/a)



(1)







Descriptions:



◦Hue: parameters for color range



a = red-green mixed chromatic color



b = blue-yellow chromatic color




2.3.2. Thio Barbituric Acid (TBA) Value


A sample of 3 g was added to 50 mL of distilled water and mashed for 2 min. The sample was put in a 1000 mL distillation flask and washed with 48.5 mL distilled water. Further, 1.5 mL of HCl was added, and the distillate flask was heated for 10 min to obtain 50 mL. The resulting distillate was filtered and added to 5 mL of TBA reagent (0.02 M TBA solution in 90% glacial acetic acid). The dissolution process was accelerated by heating the distillate in a water bath for 35 min. The obtained product was cooled with cold water, and the optical density was measured with a spectrophotometer at a wavelength of 528 nm with the blank solution as the zero point [31].




2.3.3. Total Volatile Basic Nitrogen (TVBN) Value


The beef sample was weighed to 10 g ± 0.1 g, added to 30 mL of 7% TCA solution, blended, and filtered until the filtrate was obtained. A total of 1 mL of boric acid solution was put into the ‘inner chamber’ of the Conway cup, closed, and placed in a position almost covering the cup. The filtrate was put into the outer chamber, and 1 mL of saturated K2CO3 solution was added; hence, the filtrate and K2CO3 were not mixed. The cup was immediately closed and moved around to mix the two liquids in the outer chamber. The blank solution was carried out with the same procedure, but the filtrate was replaced with a 7% TCA solution and stored at 37 °C for 2 h. Further, the boric acid solution and Conway dish containing the blank and the filtrate were titrated with 0.01 N HCl until they turned pink. The determination of the TVBN value was calculated using the following formula:


   Total   TVBN   ( mg / 100   g ) =     V c       -   V   b   - N   ×    f p    ×   100   w   



(2)







Description:



Vc = volume of HCl solution in sample titration



Vb = volume of HCl solution in blank titration



N = normality of HCl solution



w = sample weight (g)



14.007 = atomic weight of nitrogen



fp = dilution factor




2.3.4. Total Bacterial Count (TBC)


The determination of TBC was carried out using the cup count method described in the Indonesian National Standard (SNI; 2897:2008). Here, 1 g of sample was diluted in 9 mL of sterile physiological solution (0.85% NaCl) equivalent to (10−1). The dilution process was carried out until it reached a dilution of 10−6. Further, the cultivation process with the pouring method was 1 mL of samples from dilutions of 10−4, 10−5, and 10−6 poured into different sterile petri dishes in duplicate. Then, 15 mL of NA media was added and incubated at 30 °C for 48 h. Subsequently, the TBC calculation was calculated using the following formula:


   N =     ∑  C    [   (     1   ×   n   1   )   +   (  0    . 1   ×   n   2   )   + …   ]     ×   ( D )     



(3)




where:



N = number of colonies per mL/per gram of product



ΣC = total number of colonies counted



n1 = number of petri dishes in the first dilution



n2 = number of petri dishes in the second dilution



D = first dilution counted




2.3.5. pH


The pH measurement assessed the initial and final pH during the storage of fresh beef. The meter used was a digital Horiba Laquatwin Compact pH Meter P-33 with an accuracy of 0.01%. Approximately 0.5 g of sample was placed on the surface of the pH meter sensor until the value was displayed on the screen.





2.4. Data Analysis


Each analysis was conducted with three replications, processed using the Statistical Package for the Social Sciences (SPSS) analysis of variance (ANOVA) data, and further tested with Duncan’s test. Furthermore, significant treatment differences were indicated by p < 0.05.





3. Results and Discussion


3.1. Intelligent Packaging Indicator Color Change


Intelligent packaging was equipped with an indicator label as a source of information regarding the product’s condition. The indicator’s color change was a sign of the response to the quality of the packaged beef. The analysis of color change was carried out to determine the phase of the intelligent packaging indicator using PR and BTB (1:1). The measurement was carried out using a digital color meter (T-135) that showed the values of l, a, and b as international measurement standards published by the Hunterlab Association Laboratory. The values of l, a, and b were converted to 0Hue, and the results are depicted in Figure 2 and Figure 3.



Figure 2 depicts a comparative analysis of color variations that occur at each concentration of garlic extract presented in one graph, and Figure 3a–c provides insight into the color gradations that occur in intelligent packaging indicators during storage at each concentration of garlic extract. Distinct phases of indicator color variation indicate the quality condition of the product, namely the phase I yellow indicator indicates that the meat is still fresh, the phase II orange color indicates that the meat must be consumed immediately, and the phase III purple color indicates that the meat is not suitable for consumption. The color change on the intelligent packaging indicator label signifies product deterioration and its close association with an increased number of microbes during storage. Microbes catalyze the decomposition of nutritional components to produce volatile base compounds. These compounds lead to an increase in the total volatile basic nitrogen value and further elevate the product’s pH. The presence of volatile base compounds in the packaging, when absorbed by the indicator label, eventually changes its color from dark yellow to purple. According to De Meyer, the BTB solution in a protonated condition will produce a yellow color and experience a blue or turquoise change. Meanwhile, Melati stated that the PR solution would experience a color change to yellow and red from acidic to alkaline conditions [32,33]. Since this study combined BTB and PR, it resulted in yellow acidic conditions and purple alkaline conditions, which is a combination of blue and red colors.



Figure 2 demonstrates that the ◦Hue during storage for all treatments was diminished, signifying the quality degradation of the product. Based on observations, it can be determined that the addition of garlic extract both at 15% and 20% reduced the indicator’s color change compared to the control (no or 0% garlic extract addition). However, the graph also exhibits that, in general, there is no significant difference between adding 15% and 20% of the garlic extract.



As displayed in Figure 3a, in the absence of garlic extract, the indicator label exhibited a purple color after three days of storage, whereas with the addition of garlic extract at 15% and 20% (Figure 3b,c), the indicator label changed to purple after six days of storage, establishing that the application of garlic extract adds three supplementary days of shelf life to the beef product in this study. Garlic extracts (15% and 20%) contain allicin compounds that function as an anti-bacterial substance inhibiting bacterial growth [12,13,14], which hinders the decomposition of the nutritional components that produce volatile base compounds and bind to the indicator.




3.2. Thio Barbituric Acid (TBA) Value


The TBA value calculates the malondialdehyde (MDA) value. MDA is an aldehyde compound resulting from lipid oxidation in beef, which not only reduces the quality but also gives a rancid aroma to the product [34,35]. The TBA test is determined based on the formation of a pink pigment due to a condensation reaction between two TBA and one malonaldehyde molecule. The saturated fat in beef tissue is directly proportional to the malonaldehyde formed [36]. The TBA value of beef stored in intelligent and active packaging is shown in Figure 4.



Based on Figure 4, the TBA value of all samples increases significantly during fifteen days of storage. The initial value of beef was 0.16 mg MDA/kg and continued to increase until day fifteen. The TBA value of the sample without the addition of garlic extract (0%) experienced a significant increase (p < 0.05) compared to those with 15% and 20% garlic extract. According to Behrozz et al., the acceptable threshold for TBA in beef is 1 mg MDA/kg [37]. During the fifteen days of storage, the sample without the garlic extract had a TBA value of 1.14 mg/MDA/kg on day three. Meanwhile, the sample with the addition of 15% and 20% garlic extract had a TBA concentration close to the threshold on day six, which were 0.73 and 0.62 mg/MDA/kg, respectively. After day nine, the packaged meat had passed the standard TBA value. The difference in the length of time of TBA increase in the 15% and 20% treatments is due to the role of bactericidal and antioxidant properties found in garlic that can inhibit the oxidation of unsaturated fatty acids. This is in accordance with the statement of Purnamasari et al. that compounds that are bactericidal and antioxidant in nature can inhibit the formation of unsaturated fats that initiates the formation of the rancidity process in food ingredients [34].




3.3. Total Volatile Basic Nitrogen (TVBN) Value


TVBN is one of the tests used to measure nitrogen compounds, or biogenic amines, due to bacterial activity on beef spoilage [35,38,39]. The increase in the TVBN value is due to bacteria’s breakdown of protein into peptide bonds and amino acids and then into simpler nitrogen compounds, such as trimethylamine, dimethylamine, and ammonia. Furthermore, the protein breakdown is volatile, resulting in a foul odor. The TVBN value is directly proportional to bacterial activity in beef spoilage. According to Alizadeh-Sani et al., the acceptable threshold value for TVBN is 25 mg N/100 g [40]. The TVBN value obtained in meat storage at 10 °C with various concentrations of garlic extract can be seen in Figure 5.



Figure 5 depicts that beef stored at 10 °C and wrapped using smart packaging experienced an increase in the TVBN value during storage. The TVBN value on day zero was 8.9 mg N/100 g, indicating that the beef was in fresh or good condition. However, the value increased significantly in each treatment during storage. The sample without garlic extract exhibited an increased accumulation of TVBN, followed by those with 15% and 20% of the extract. The TVBN value of samples packaged without the addition of garlic extract crossed the threshold after day three, while the TVBN value of samples with the addition of 15% and 20% of garlic extract surpassed the threshold after six days of storage with no significant difference between the use of 15% and 20% of garlic extract. It can be concluded that the application of garlic extract (both at 15% and 20%) can prevent the production of TVBN. This is due to the presence of allicin in garlic extract that possesses antimicrobial characteristics that prevent the growth of microorganisms, and thereby TVBN accumulation, in the beef product. The antimicrobial ingredients in the garlic extract work by attacking DNA, synthesizing proteins, and inhibiting the bacterial RNA system. Another study also reported that the active components in the extract can impede the formation of spoilage microbes in food products [41,42].




3.4. Total Bacterial Count (TBC) Value


The protein, water, nitrogen, and fat contents of beef serve as a favorable media increasing its susceptibility to the growth of spoilage microorganisms [1,2]. The TBC analysis was carried out to determine the effect of active packaging on the level of bacterial contamination in the packaged beef product, which can affect the freshness level based on the number of contaminants. The requirements for carcass and beef regulated in Standard Nasional Indonesia (SNI 3932:2008) illustrate that the limit for TBC microbes is 1 × 106 or 6 CFU/mL. The test results of the TBC value are depicted in Figure 6.



Figure 6 shows an increase in the TBC value of fresh meat storage at 10 °C. The TBC value of meat with the treatment and without the addition of garlic extract (0%) exceeded the TBC standard on day three, whereas the treatment with the addition of 15% and 20% garlic extract crossed the TBC threshold after day nine. This indicates that the addition of 15% and 20% garlic extract to meat packaging has an effect in inhibiting microbial growth and extending the shelf life of meat compared to meat samples without the addition of garlic extract. The difference in the duration of the increase in the TBC value is due to the addition of garlic extract to activated paper, which can inhibit the growth of gram-negative and gram-positive bacteria due to the presence of antimicrobial compounds in the form of allicin. Garlic extract applied to activated paper will diffuse to the entire surface of the beef so that it can inhibit bacterial growth. The process of inhibiting bacteria involves total inhibition of RNA synthesis and partial inhibition of DNA and pro-protein synthesis. Allicin blocks bacterial enzymes belonging to thiol groups, consequently impeding bacterial growth. This is in accordance with the statement of Boboye et al. that the mechanism of garlic inhibits bacterial growth by comprehensively inhibiting RNA, DNA, and protein synthesis of bacteria [43,44].




3.5. pH


The degree of acidity in food products expresses the level of acidity or basicity of a substance or object [45]. The pH of live beef ranges from 7.0–7.2; however, it quickly declines after cattle are slaughtered. This is caused by the anaerobic glycolysis process due to the cessation of oxygen delivery to the muscles. In glycolysis, glycogen reserves are converted into lactic acid, thereby reducing the pH. This process ceases with the depletion of glycogen levels. The pH measurement is considered one method to determine the freshness level of beef. In this study, a comparative analysis was conducted to determine the effect of garlic extract on the pH value of packaged beef, as shown in Figure 7.



Figure 7 exhibits an increase in pH values in each treatment during storage due to protein degradation by microbes resulting in ammonia production. Ammonia deprotonates water to produce ammonium ions and hydroxide OH- [27]. Samples with treatment and without the addition of garlic extract experienced a faster increase in the pH value, namely from a pH value of 5 to a pH of 7 before day three. In comparison, samples with both 15% and 20% additions of garlic extract experienced an increase in the pH value of 5 to 7 after day nine. The difference in the increase in the pH value is due to the presence of the garlic extract added to the active packaging, which contains allicin compounds that act as antimicrobial agents, especially to spoilage microbes, that can hinder the protein degradation process [46,47,48]. The mechanism of allicin in inhibiting bacterial growth by increasing the permeability of the phospholipid bilayer does not occur due to the absence of the production of the amino acids and proteins that cause SH groups (sulfhydryl and disulfide) to be destroyed on the amino acids cystine and cysteine. The destroyed SH groups inhibit the synthesis of the protease enzymes that damage the cytoplasmic membrane of the bacterial wall and interfere with protein and nucleic acid metabolism resulting in bacterial proliferation [13,14,49].




3.6. Correlation between Indicator Label Sensor Response with Various Parameters of Quality Deterioration in Packaged Fresh Beef


Correlation of the response to the color change of intelligent and active indicator labels with each test parameter on beef, such as TVBN, TBC, and pH, was carried out to determine the deterioration of beef quality and obtain synchronization. The comparison of the color change in the intelligent indicator label with the test parameters of beef quality deterioration can be seen in Figure 8.



Based on Figure 8, beef stored without garlic extract (0%) experienced a rapid increase in the TVBN, TBC, TBA, and pH values compared to beef with garlic extract (15% and 20%), in line with the decrease in the indicator color value of intelligent packaging. The difference in the parameter value for the beef quality deterioration of each treatment is due to the garlic extract in the active packaging [50,51].



Storage at cold temperatures also affects the shelf life of beef. In this study, beef without garlic extract diminished in quality and was unfit for consumption on day three. Meanwhile, beef with 15% and 20% garlic extract deteriorated and was found to be unfit for consumption on day nine. This indicates that storage at cold temperatures with garlic extract can extend the shelf life of beef due to the nature of allicin. This is consistent with Suradi, who found that beef stored at refrigerator temperatures (5 °C) without active components had a shelf life based on the TVBN value of 195 h 43 min. The intelligent indicator label using Whatman paper no.1 and the BTB + PR (pH 5.00) indicator can be applied as an indicator to assess the freshness of the meat with a color change from yellow (initial) to faded red and purple (final). This can help consumers to determine freshness without touching or opening the beef packaging [52].



The use of 15 and 20% garlic extract did not show any appreciable differences in the majority of the parameters examined, including TBC, pH, and TVBN. This led to the conclusion that both surveys have an equal impact on preserving the quality of packaged beef. In light of organoleptic considerations, we advise applying 15% garlic extract.





4. Conclusions


Based on the results, the intelligent packaging indicator labels effectively detect the quality of beef stored at 10 °C. The color change profile of the intelligent indicator label is identified by dark yellow, showing the beef is still fresh, orange, which should be consumed immediately, and faded red to purple colors, which is unsuitable for consumption. Moreover, garlic extract functions as an antimicrobial substance when added to the packaging and can suppress the growth of spoilage bacteria in beef with concentrations of both 15% and 20%, with no significant effects in most parameters tested. Therefore, it is suggested to apply 15% garlic extract. Implementation of active and intelligent packaging indicators will prove to be beneficial to monitor and retain the quality of packaged beef.







Author Contributions


Conceptualization, A.D.; methodology, A.D. and S.H.H.; software, S.H.H.; validation, A.D. and S.H.H.; formal analysis, A.D.; investigation, S.H.H.; resources, A.D.; data curation, A.D. and S.H.H.; writing—original draft preparation, S.H.H.; writing—review and editing, A.D. and S.H.H.; visualization, S.H.H.; supervision, A.D.; project administration, A.D. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Available data are presented in the manuscript.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Beltrán, J.A.; Roncalés, P.; Bellés, M. Biochemical Reactions During Fresh Meat Storage. Encycl. Food Chem. 2019, 2, 224–232. [Google Scholar] [CrossRef]

	



Iriani, E.S.; Widayanti, S.M.; Miskiyah, M.; Juniawati, J. The Effect of Encapsulated Garlic Extract against Antimicrobial Packaging Characteristics. J. Chem. Package 2014, 36, 1–6. [Google Scholar]

	



Abustan, E. Ilmu Daging; Aspek Produksi, Kimia, Biokimia, dan Kualitas; Masagena Press: Makassar, Indonesia, 2012. [Google Scholar]

	



Sahoo, G.; Mulla, N.S.S.; Ansari, Z.A.; Mohandass, C. Antibacterial Activity of Mangrove Leaf Extracts against Human Pathogens. Indian J. Pharm. 2012, 74, 348–351. [Google Scholar]

	



García, M.R.; Vilas, C.; Herrera, J.R.; Bernárdez, M.; Balsa-Canto, E.; Alonso, A.A. Quality and shelf-life prediction for retail fresh hake (Merluccius merluccius). Int. J. Food Microbiol. 2015, 208, 65–74. [Google Scholar] [CrossRef] [PubMed]

	



Zhang, H.; Hortal, M.; Dobon, A.; Bermudez, J.M.; Lara-Lledo, M. The effect of active packaging on minimizing food losses: Life cycle assessment (LCA) of essential oil component-enabled packaging for fresh beef. Packag. Technol. Sci. 2015, 28, 761–774. [Google Scholar] [CrossRef]

	



Dobrucka, R.; Cierpiszewski, R. Active and Intelligent Packaging Food–Research and Development–A Review. Polish J. Food Nutr. Sci. 2014, 63, 49–54. [Google Scholar] [CrossRef]

	



Pacquit, A.; Crowley, K.; Diamond, D. Smart Packaging Technologies for Fish and Seafood Products. In Smart Packaging Technologies for Fast Moving Consumer Goods; Kerry, J., Ed.; John Wiley & Sons, Ltd.: Hoboken, NJ, USA, 2008; pp. 75–98. ISBN 9780470028025. [Google Scholar]

	



Riyanto, R.; Hermana, I.; Wibowo, S. Characteristics of Plastic Indicator for Early Warning Indicator of Fish Freshness in a Plastic Packaging. JPB Perikan. 2014, 9, 153–163. [Google Scholar]

	



Hidayat, S.H.; Dirpan, A.; Adiansyah; Djalal, M.; Rahman, A.N.F.; Ainani, A.F. Sensitivity determination of indicator paper as smart packaging elements in monitoring meat freshness in cold temperature. IOP Conf. Ser. Earth Environ. Sci. 2019, 343, 012076. [Google Scholar] [CrossRef]

	



Sharma, S.; Barkauskaite, S.; Jaiswal, A.K.; Jaiswal, S. Essential Oils as Additives in Active Food Packaging. Food Chem. 2021, 343, 128403. [Google Scholar] [CrossRef] [PubMed]

	



Pajan, S.A. Potensi antibakteri air perasan bawang putih (Allium Sativum L) terhadap pertumbuhan Staphylococcus aureus. Pharmacon 2016, 5, 77–89. [Google Scholar]

	



Moulia, M.N. Antimikroba ekstrak bawang putih. J. Pangan 2018, 27, 55–66. [Google Scholar]

	



Karuppiah, P.; Rajaram, S. Antibacterial effect of Allium sativum cloves and Zingiber officinale rhizomes against multiple-drug resistant clinical pathogens. Asian Pac. J. Trop. Biomed. 2012, 2, 597–601. [Google Scholar] [CrossRef] [PubMed]

	



Rodrigues, E.T.; Han, J.H. Antimicrobial Whey Protein Films against Spoilage and Pathogenic Bacteria. In Book Of Abstract IFT Annual Meeting; Institute of Food Technologist: Chicago, IL, USA, 2000; p. 191. [Google Scholar]

	



Sisilia Yolanda, D.; Dirpan, A.; Nur Faidah Rahman, A.; Djalal, M.; Hatul Hidayat, S. The potential combination of smart and active packaging in one packaging system in improving and maintaining the quality of fish. Canrea J. Food Technol. Nutr. Culin. J. 2020, 3, 74–86. [Google Scholar] [CrossRef]

	



Hidayat, S.H.; Syarifuddin, A.; Dirpan, A. Analysis of the effectiveness of active paper use by adding garlic extract in inhibiting bacterial growth. IOP Conf. Ser. Earth Environ. Sci. 2020, 575, 012010. [Google Scholar] [CrossRef]

	



Yang, H.S.; Lee, E.J.; Moon, S.H.; Paik, H.D.; Nam, K.; Ahn, D.U. Effect of garlic, onion, and their combination on the quality and sensory characteristics of irradiated raw ground beef. Meat Sci. 2011, 89, 202–208. [Google Scholar] [CrossRef] [PubMed]

	



Kim, Y.J.; Jin, S.K.; Yang, H.S. Effect of dietary garlic bulb and husk on the physicochemical properties of chicken meat. Poult. Sci. 2009, 88, 398–405. [Google Scholar] [CrossRef]

	



Sallam, K.I.; Ishioroshi, M.; Samejima, K. Antioxidant and antimicrobial effects of garlic in chicken sausage. Lwt 2004, 37, 849–855. [Google Scholar] [CrossRef]

	



Wiastuti, T.; Khasanah, L.U.; Kawiji, W.A.; Manuhara, G.J.; Utami, R. Characterization of active paper packaging incorporated with ginger pulp oleoresin. IOP Conf. Ser. Mater. Sci. Eng. 2016, 107, 012057. [Google Scholar] [CrossRef]

	



Guillard, V.; Gaucel, S.; Fornaciari, C.; Angellier-Coussy, H.; Buche, P.; Gontard, N. The next generation of sustainable food packaging to preserve our environment in a circular economy context. Front. Nutr. 2018, 5, 121. [Google Scholar] [CrossRef]

	



Giannoglou, M.; Touli, A.; Platakou, E.; Tsironi, T.; Taoukis, P.S. Predictive modeling and selection of TTI smart labels for monitoring the quality and shelf-life of frozen seafood. Innov. Food Sci. Emerg. Technol. 2014, 26, 294–301. [Google Scholar] [CrossRef]

	



Pacquit, A.; Frisby, J.; Diamond, D.; Lau, K.T.; Farrell, A.; Quilty, B.; Diamond, D. Development of a smart packaging for the monitoring of fish spoilage. Food Chem. 2007, 102, 466–470. [Google Scholar] [CrossRef]

	



Dirpan, A.; Kamaruddin, I.; Syarifuddin, A.; Zainal; Rahman, A.N.F.; Hafidzah; Latief, R.; Prahesti, K.I. Characteristics of bacterial cellulose derived from two nitrogen sources: Ammonium sulphate and yeast extract as an indicator of smart packaging on fresh meat. IOP Conf. Ser. Earth Environ. Sci. 2019, 355, 012040. [Google Scholar] [CrossRef]

	



Dirpan, A.; Latief, R.; Syarifuddin, A.; Rahman, A.N.F.; Putra, R.P.; Hidayat, S.H. The use of colour indicator as a smart packaging system for evaluating mangoes Arummanis (Mangifera indica L. var. Arummanisa) freshness. IOP Conf. Ser. Earth Environ. Sci. 2018, 157, 012031. [Google Scholar] [CrossRef]

	



Dirpan, A.; Djalal, M.; Ainani, A.F. A Simple Combination of Active and Intelligent Packaging Based on Garlic Extract and Indicator Solution in Extending and Monitoring the Meat Quality Stored at Cold Temperature. Foods 2022, 11, 1495. [Google Scholar] [CrossRef] [PubMed]

	



Kuswandi, B.; Nurfawaidi, A. On-package dual sensors label based on pH indicators for real-time monitoring of beef freshness. Food Control. 2017, 82, 91–100. [Google Scholar] [CrossRef]

	



Kuswandi, B.; Maryska, C.; Jayus; Abdullah, A.; Heng, L.Y. Real time on-package freshness indicator for guavas packaging. J. Food Meas. Charact. 2013, 7, 29–39. [Google Scholar] [CrossRef]

	



Suyono, E.A.; Nuhamunada, M.; Ramadhani, N. Lipid Content from Monoculture of Micro Algae Chlorella zofingiensis Dönz and mixed culture of Glagah isolate in laboratory scale and raceway pond for biodiesel production. Asian Jr. Microbiol. Biotech. Env. Sc. 2016, 18, 95–100. [Google Scholar]

	



Tokur, B.; Korkmaz, K. The effects of an iron-catalyzed oxidation system on lipids and proteins of dark muscle fish. Food Chem. 2007, 104, 754–760. [Google Scholar] [CrossRef]

	



De Meyer, T.; Hemelsoet, K.; Van Speybroeck, V.; De Clerck, K. Substituent effects on absorption spectra of pH indicators: An experimental and computational study of sulfonphthaleine dyes. Dye. Pigment. 2014, 102, 241–250. [Google Scholar] [CrossRef]

	



Pratama, M.; Warsiki, E.; Haditjaroko, L. Kinerja label untuk memprediksi umur simpan pempek pada berbagai kondisi penyimpanan. J. Teknol. Ind. Pertan. 2016, 26. [Google Scholar]

	



Purnamasari, E.; Nurhasni, N.; Zain, W.N.H. Nilai Thiobarbituric Acid (Tba) Dan Kadar Lemak Dendeng Daging Kambing Yang Direndam Dalam Jus Daun Sirih (Piper Betle L.) Pada Konsentrasi Dan Lama Penyimpanan Yang Berbeda. J. Peternak. 2012, 9, 321–332. [Google Scholar]

	



Sayadi, M.; Mojaddar Langroodi, A.; Amiri, S.; Radi, M. Effect of nanocomposite alginate-based film incorporated with cumin essential oil and TiO2 nanoparticles on chemical, microbial, and sensory properties of fresh meat/beef. Food Sci. Nutr. 2022, 10, 1401–1413. [Google Scholar] [CrossRef] [PubMed]

	



Sumpono; Putri, D.H.; Sri, L.R. Prosiding Seminar Nasional Kimia UNY 2017 Sinergi Penelitian Dan Pembelajaran Untuk Mendukung Pengembangan Literasi Kimia Pada Era Global. In Proceedings of the Prosiding Seminar Nasional Kimia UNY 2017, Yogyakarta, Indonesia, 14 October 2017; pp. 215–228. [Google Scholar]

	



Behbahani, B.A.; Imani Fooladi, A.A. Shirazi balangu (Lallemantia royleana) seed mucilage: Chemical composition, molecular weight, biological activity and its evaluation as edible coating on beefs. Int. J. Biol. Macromol. 2018, 114, 882–889. [Google Scholar] [CrossRef] [PubMed]

	



Jinadasa, K. Determination of Quality of Marine Fishes Based on Total Volatile Base Nitrogen test (TVB-N). Nat. Sci. 2014, 12, 106–111. [Google Scholar] [CrossRef]

	



Castro, P.; Millán, R.; Penedo, J.C.; Sanjuán, E.; Santana, A.; Caballero, M.J. Effect of storage conditions on total volatile base nitrogen determinations in fish muscle extracts. J. Aquat. Food Prod. Technol. 2012, 21, 519–523. [Google Scholar] [CrossRef]

	



Alizadeh-Sani, M.; Mohammadian, E.; McClements, D.J. Eco-friendly active packaging consisting of nanostructured biopolymer matrix reinforced with TiO2 and essential oil: Application for preservation of refrigerated meat. Food Chem. 2020, 322, 126782. [Google Scholar] [CrossRef]

	



Strika, I.; Bašić, A.; Halilović, N. Antimicrobial effects of garlic (Allium sativum L.). Bull. Chem. Technol. Bosnia Herzeg. 2017, 47, 17–22. [Google Scholar]

	



Jo, M. Influence of Food Characteristics and Food Additives on the Antimicrobial Effect of Garlic and Oregano Essential Oils. Foods 2017, 6, 44. [Google Scholar] [CrossRef]

	



Boboye, B.; Alli, J. Cellular effects of garlic (Allium sativum) extracts on Pseudomonas aeruginosa and staphylococcus aureus. Res. J. Microbiol. 2008, 3, 508–513. [Google Scholar] [CrossRef]

	



Rybak, M.E.; Calvey, E.M.; Harnly, J.M. Quantitative determination of allicin in garlic: Supercritical fluid extraction and standard addition of alliin. J. Agric. Food Chem. 2004, 52, 682–687. [Google Scholar] [CrossRef]

	



Ngafifuddin, M.; Sunarno, S.; Susilo, S. Penerapan Rancang Bangun Ph Meter Berbasis Arduino Pada Mesin Pencuci Film Radiografi Sinar-X. J. Sains Dasar 2017, 6, 66–70. [Google Scholar] [CrossRef]

	



Lawrie, R. Ilmu Daging; Universitas Indonesia Press: Jakarta, Indonesia, 2003. [Google Scholar]

	



Węglarz, A. Meat quality defined based on pH and colour depending on cattle category and slaughter season. Czech J. Anim. Sci. 2010, 55, 548–556. [Google Scholar] [CrossRef]

	



Muslim, M. Penggunaan ekstrak bawang putih (Allium sativum) untuk mengobati benih ikan patin siam (Pangasius hypophthalmus) yang diinfeksi bakteri Aeromonas hydrophylla. J. Akuakultur Indones. 2009, 8, 91–100. [Google Scholar] [CrossRef]

	



Bhattacharya; Souptik; Sen, D.; Bhattacharjee, C. Inhibition mechanism study for diallyl thiosulfinate (allicin) against crucial bacterial proteins through in silico molecular docking simulation. Process Biochem. 2022, 122, 110–119. [Google Scholar] [CrossRef]

	



Deresse, D. Antibacterial effect of garlic (Allium sativum) on Staphylococcu aureus: An in vitro study. Asian J. Med. Sci. 2010, 2, 62–65. [Google Scholar]

	



Gabriel, T.; Vestine, A.; Kim, K.D.; Kwon, S.J.; Sivanesan, I.; Chun, S.C. Antibacterial Activity of Nanoparticles of Garlic (Allium sativum) Extract against Different Bacteria Such as Streptococcus mutans and Poryphormonas gingivalis. Appl. Sci. 2022, 12, 3491. [Google Scholar] [CrossRef]

	



Kusmajadi, S. Perubahan Nilai pH, TVB dan Total Bakteri Daging Kerbau ( Effect of Storage Length in the Room Temperature on pH, TVB, and Total Bacteria Changes of Buffalo Meat). J. Ilmu Ternak 2012, 12, 9–12. [Google Scholar]








[image: Foods 12 00396 g001 550] 





Figure 1. Smart packaging implementation design on beef. 
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Figure 2. Graph for the Hue value of the indicator label during storage. The mean value followed by various letters indicates a significant difference (p-value < 0.05). 
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Figure 3. Change in the color of the intelligent packaging indicator for the packaged product. (a) Indicator label with the addition of 0% garlic extract, (b) indicator label with the addition of 15% garlic extract, and (c) indicator label with the addition of 20% garlic extract. The mean value followed by various letters indicates a significant difference (p < 0.05). 
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Figure 4. TBA value of beef packaged using intelligent and active packaging with the addition of garlic extract. The mean value followed by various letters indicates a significant difference (p < 0.05). 
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Figure 5. TVBN value of beef packaged using intelligent and active packaging with the addition of garlic extract. The mean value followed by various letters indicates a significant difference (p < 0.05). 
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Figure 6. Graph for TBC value of beef packaged using intelligent and active packaging with the addition of garlic extract. The mean value followed by various letters indicates a significant difference (p < 0.05). 






Figure 6. Graph for TBC value of beef packaged using intelligent and active packaging with the addition of garlic extract. The mean value followed by various letters indicates a significant difference (p < 0.05).



[image: Foods 12 00396 g006]







[image: Foods 12 00396 g007 550] 





Figure 7. The pH value of beef packaged using intelligent and active packaging with the addition of garlic extract. The mean value followed by various letters indicates a significant difference (p < 0.05). 
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Figure 8. Correlation between indicator label sensor response with various parameters of quality deterioration in packaged fresh beef (a) 0%, (b) 15%, and (c) 20%. 
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