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Smart Sensor and Active Packaging System Based on Bacterial Cellulose from Acetobacter xylinum
Applied on Meat Product

Abstract.

Combining smart and active packaging serves a dual purpose of detecting and prolonging the shelf life
of food. The purpose of this study was to determine the characteristics of smart and active packaging
made from bacterial cellulose and its effect on packaged fresh beef. This research includes evaluate
the properties of smart packaging sensor indicators and active packaging films, as well as their
application to fresh beef storage at room temperature (28+2°C) for 24 hours. The results suggested
that the BTB solution indicator (Bromothymol blue) with a pH of 2.75 on the smart packaging indicator
displayed easy determined color change from orange to dark green, indicating a change in beef quality
from fresh to rotten. Meanwhile, when the qualities of meat treated with active packaging with 10%
and 15% garlic extract were tested, it decayed at the 16th hour, but meat treated with active
packaging without the addition of garlic extract rotted at the 12th hour. Additionally, the indicator's
color shift is linearly related to the TPC (Total Plate Count), TVBN (Total Volatile Basic Nitrogen), and
pH of meat packaged using active packaging. Thus, the conclusion of this study is that BTB
(Bromothymol blue) pH 2.75 solution can be used as a smart packaging indicator, allowing consumers
to more easily assess the quality of packaged meat, and that the addition of 10-15% garlic extract to
active packaging films as an antimicrobial agent can help delay packaged meat spoilage.

1. Introduction

Global beef consumption is predicted to rise as the world population and family incomes rise,
particularly in the developing Asian countries (Dupont & Fiebelkorn 2020; Gonzélez et al. 2020;
OECD/FAO 2021). By 2030, worldwide meat consumption and availability are expected to increase by
14% and 5.9%, respectively, over the 2018-2020 period's average (OECD/FAO 2021). As a result,
increases in meat consumption must be complemented by improvements in the quality of fresh meat
produced. One aspect affecting the quality and characteristics of meat is the material and packaging
technologies used (Abdurehman Musa 2019). Meat is a perishable item that spoils rapidly when stored
above the optimum temperature range (below 0-40°F) (Beltran, Roncalés & Bellés 2018; Franco, da
Cunha & Bianchi 2021). However, the facts demonstrate that in traditional markets, the meat is
displayed at room temperature without packaging which might accelerate microbial contamination
and cause quality degradation to occurs faster. Even in supermarkets where meat has been
maintained in cold temperatures, standard meat packing circumstances still make it difficult for
consumers to subjectively determine the quality of meat. This demonstrates the need for additional
functions in meat packaging to prevent quality degradation caused by microbes and to make it easier
for consumers to determine the quality of packed meat (Dirpan et al. 2019). Conventional meat
packaging can be designed to perform dual functions through the use of smart and active packaging
systems.

Smart packaging is a term that refers to sensors in the form of indicators that monitor and provide
information about the quality of the food contained within the packaging via color changes caused by
chemical reactions between the indicators and the products of microbial metabolism or changes in
the chemical composition of the food (Dobrucka & Cierpiszewski 2014). During storage, chemical
components of meat degrade into volatile compounds as a result of microbial activity, increasing the
value of Total Volatile Base Nitrogen (TVBN) (Bekhit et al. 2021; Ma et al. 2021). Accumulation of
TVBN results in an increase in the pH of the packaging system, which is detected by the indicator,
resulting in a visible color shift in the indicator (Pacquit et al. 2006; Ma et al. 2021). Smart packaging



allows easier monitoring of packed products through transportation and storage (Dobrucka dan
Cierpiszewski, 2014), provides a more accurate estimate of product condition than conventional
expired labels (Pacquit, Crowley & Diamond 2008). Several studies have demonstrated the widespread
usage of color-based pH indicator solutions as smart indicators. Dirpan et al. developed bromophenol
blue as a smart indicator dye for mangoes (Dirpan et al. 2018) and Hidayat et al. used two types of
color indicators (phenol red and bromothymol blue) with determined concentrations on fresh meat
packaging (Hidayat et al. 2019). Additionally, smart packaging indicators based on natural pigments
are being developed, such as smart packaging films that include anthocyanin-loaded Lycium
ruthenicum nanocomplexes into starch/polyvinyl alcohol mixtures (PVA) (Qin et al. 2021) as well as
the development of anthocyanins from saffron petals immobilized on chitosan nanofiber and methyl
cellulose matrix (Alizadeh-Sani et al. 2021).

While, Active packaging refers to the integration of particular additives into a packaging system
with the purpose of extending shelf life, preserving product quality, and ensuring product safety. In
terms of extending shelf life, antimicrobial agents are used as components of active packaging
additives. Volatile bioactive compounds contained in active packaging are evaporated or diffused to
the food surface, where they limit the growth of spoilage and pathogenic microbes (Yildirim et al.
2018; Wrona et al. 2021). This strategy is more effective than coating bioactive compounds on the
food surface (Iriani dkk, 2014). The safest, cheapest, and most readily available antimicrobial agents
for use in active packaging are essential oils. The production of antimicrobial alginate edible films by
incorporating garlic essential oil has been carried out by Pranoto et al. (2005) that shows substantial
inhibitory impact on Staphylococcus aureus and Bacillus cereus in meat. Antimicrobial activity has also
been established for the use of essential oil from Plectranthus amboinicus in active packaging based
on chitosan (Vishnu Priya, Vinitha & Meenakshi Sundaram 2021). Not only as separate systems, smart
and active packaging can be merged into a single packaging system. Julyaningsih et al have combined
smart packaging based on Methyl Red-Bromothymol Blue indicator with active packaging based on
lemongrass oil as a component of tuna fish fillet packaging. (Julyaningsih, Latief & Dirpan 2020). In
other studies, active and smart packaging based on starch, PVA, and betacyanins from various types
of plants has been applied to shrimp (Yao et al. 2021).

In general, active packaging containing antimicrobial agents and smart packaging containing
indicator solutions are immobilized on a polymer. In comparison to plant cellulose or synthetic
polymers, bacterial cellulose fermented by Acetobacter xylinum has a unique nanofibrillar structure
and superior physical properties, suggesting that it has the potential to act as the basis for developing
smart and active packaging. (Cazén & Vazquez 2021; Xu et al. 2021). Bacterial cellulose has garnered
interest as a component of active packaging due to its edibility, biodegradability, high water holding
capacity, and potential as an antimicrobial agent carrier (Nguyen, Gidley & Dykes 2008).

The packaging function is advancing in the food business. As a means of advancing innovation, this
research aims to maximize the potential of smart and active packaging by combining them in a
packaging system based on a bacterial cellulose membrane biopolymer to enhance the quality of
packaged meat and make it easier for consumers to form perceptions of meat freshness.

2. Method and Materials

2.1. Materials

The main ingredients used in the production of smart and active packaging systems are bacterial
cellulose produced by Acetobacter xylinum which is fermented in natural media of coconut water.
Beef tenderloin obtained from slaughterhouse Tamangapa Raya. Coconut water and garlic (Allium



sativum) were purchased from traditional market. Ammonium sulfate (ZA) food grade (CAS Number:
7783-20-2), yeast extract (Merck, CAS Number: 8013-01-2), acetic acid 96%, Acetobacter xylinum
culture, 5% NaOH 1N, sucrose, bromothymol blue, alcohol, aquabides, aquades, Tashiro indicator
(methyl red 0.1% and bromothymol blue 0.1% with a ratio of 2:1), Trichloroacetic Acid (TCA 7%)
(Merck), Nutrient Agar (NA) (Merck), glycerol (Merck, CAS Number: 56-81-5), Carboxymethyl-cellulose
(CMC) food grade (Foodchem, E466), corn starch.

2.2. Method

2.2.1. Determination of the Best Nitrogen Source in Acetobacter xylinum Fermentation Media
Acetobacter xylinum bacterial cellulose membrane production begins with defining the amount and
type of the most suitable nitrogen source for Acetobacter xylinum growth media, which references
to prior studies (Dirpan et al. 2019).

2.2.2. Purification of bacterial cellulose

Bacterial cellulose was removed from the fermentation medium and rinsed in running water before
being soaked for two days with periodic water changes. Additionally, cellulose was soaked in 70%
alcohol for 1 minute, heated to 100°C in distilled water for 20 minutes, and reheated in a 1N 5% NaOH
solution at 100°C for 60 minutes to remove remaining bacterial cells and substrate attached to the
cellulose layer. Then, rinse with running water and soak for 24 hours, changing the water periodically,
until the pH reaches 7. The purified cellulose will appear transparent (Dirpan et al. 2019).

2.2.3. Production of Smart Packaging

2.2.3.1. Pembuatan larutan indikator

Bromothymol Blue (BTB) indicator solution was chosen for this study based on earlier research as the
indicator with the most visually identifiable color change reaction (Dirpan et al. 2019). First the BTB
solution 1% (b/v) in 95% ethanol was made. The pH of the bromothymol blue (BTB) solution was then
decreased to 2.74 by adding 20% acetic acid. Following that, a closed container was used to hold the
bromothymol blue (BTB) solution.

2.2.3.2. Production of Smart Packaging Indicator Label

The purified cellulose film was kept on a filter cloth for 24 hours to decrease the water content. Half-
dried cellulose was cut into 1.5 cm x 4 cm strips and pushed flat against the pyrex glass surface.
Cellulose was dried for 30 minutes at 70°C. The BTB indicator solution was then absorbed into dry
cellulose via centrifugation at 3000 rpm for 15 minutes. If the color indicator is successfully absorbed,
the BTB will impart an orange hue to the cellulose. Following that, the cellulose was rinsed with
distilled water to eliminate any unbound color indicators and then dried (Modified from Kuswandi and
Maryska, 2013; Shukla et al., 2015).

2.2.4. Production of active packaging film

2.2.4.1. Production of Garlic Extract (Allium Sativum) as active element

500g garlic peeled, washed under running water until clean, drained and then mashed.
Minced garlic was extracted by maceration method by immersing finely ground garlic in 96%
alcohol with a ratio of 1:4 (Garlic: Alcohol) for 4 days at a temperature of 3-5°C and
periodically homogenized using a water bath shaker. After that, the extract was filtered using



filter paper and then concentrated using a rotary evaporator at a speed of 50 rpm at 40°C to
obtain a thick extract. (Rotty dan Tjitrosantoso, 2015; Shetty et al., 2013).

2.2.4.2. Production of active packaging film

Bacterial cellulose was crushed to form a cellulose slurry, and all pre-treatments took place at room
temperature. Cellulose suspension was prepared using a 30% chitosan (w/w), 10% carboxymethyl-
cellullose (CMC) (w/w), and 15% corn starch (w/w) of cellulose dry weight. The suspension was heated
at 50°C for 60 minutes with a hot plate stirrer until thoroughly suspended. Thirty percent glycerol
(w/w) was added at the 50th minute. Additionally, the garlic extract was added at quantities of 0% as
a control, 5%, 10%, and 15% (v/v) immediately following the final heating step. 60g of suspension was
then put onto a glass plate and dried for 2x24 hours at 37°C. Then, it is cooled to room temperature
before being removed from the glass plate, then wrapped in aluminium foil to place in a desiccator
Modified from Indrarti et al., 2016; Iriani dkk, 2014).

2.2.5. Application of Smart and Active Packaging Indicators on Fresh Beef

Fresh beef tenderloin was collected from the Tamangapa Raya Makassar Slaughterhouse after 1 hour
postmortem which was immediately placed in a special food box and put into a 38x29x30cm
styrofoam box filled with ice crystals. The samples were promptly transported to the laboratory and
sterilely processed into 200 g/pack pieces. The meat is packaged in a styrofoam tray (1.05 g/cm3)
coated with active packaging film on a styrofoam base, and a smart packaging indicator label is
attached to the LDPE plastic wrap film that covers the styrofoam container. For 24 hours, samples
were maintained at room temperature (28+2°C) with normal light exposure.

Styrofoam

Wrap plastic LDPE
Meat
— Smart Packaging

¢ Indicator/sensor

Smart Sensor

Meat e, S

Smart packaging
. . . &= sensorfindicator

Fresh Use  Not

Active
packaging film ey

S > . . Scon Fresh
Styrofoam [y e Actif Packaging /
Film

a b
Figure 1. Smart and active packaging system (a) design, (b) directly applied on fresh meat.

2.2.6. Observation Parameter

2.2.6.1. Smart Packaging Indicator Color Measurement

The color of smart packaging indicators is quantitatively determined using a Chromameter Digital color
meter (T-135). Meat packaged in a smart and active packaging system is placed on a flat surface with
a black background with uniform lighting. The chromameter detector is placed on the surface of the
smart packaging indicator, the start button is pressed until the measurement results are displayed on



the display. The measurement results are expressed in the Hunter's Lab Colorimetric System notation
which is presented in 3 values, namely L* (Lightness), a* (Redness), and b* (Yellowness) (Modified
from Yam & Papadakis 2004; Nurmawati 2011). Following that, the color of the smart packaging
indicator is determined by calculating the °Hue value using the formula below.

°Hue = tan™1 —
a

Explanation:

°Hue = parameters for color range

a =is a red-green mixed color

b =is a red-green mixed color yellow-blue

2.2.6.2. Testing the Antimicrobial Activity of Active Packaging Films with Agar Diffusion Method
The antimicrobial activity of the active packaging film was determined. Each active packing film was
cut into 5 mm circles (prepared in a sterile environment) and then placed on NA agar media with 0.1
ml of the Staphylococcus aureus test microorganism culture containing 10® CFU/ml. Petri dishes were
incubated for 24 hours at 37°C. After incubation, the inhibitory zone was measured using a caliper
(Padgett et al., 1998).

2.2.6.3. pH Determination of Beef

The pH of beef was measured using a pH meter (Oakton pH 510). 5 g crushed meat was combined
with 45 ml distilled water until homogenous. The pH meter's electrode is then immersed in the beef
suspension until the pH value on the monitor remains constant.

2.2.6.4. TVBN (Total Volatile Base Nitrogen) Measurement Using Conway Dish Method

30 ml of 7% TCA solution was added to a 10g+0.1g meat sample and mixed before filtering. 1 ml boric
acid solution was placed in the "inner chamber" of the Conway dish and then the lid of the cup was
placed in a position almost covering the cup. The filtrate is placed into the left outer chamber. 1 ml
saturated K,COs; solution into the right outer chamber to avoid mixing the filtrate with K,COs. Close
the cup and rotate it to mix the two liquids in the outer chamber. The blank solution was prepared
using the same process, but with 7 percent TCA instead of filtrate. Then stored 2 hours at 37°C. The
boric acid solution with the blank and the filtrate sample was then titrated with 0.01 N HCI until it
turned pink. The formula for determining TVBN is as follows (AOAC, 1995).

(Vc-Vb)X N x 14,007 x fp x 100

TVBN content (mg/100g)=

w
Explanation:
Ve = Volume of HCl solution use for sample titration
Vp = Volume of HCl solution use for blank titration
N = Normality of HCl solution
w = sample weight (g)
14.07 = Molecular Weight of Nitrogen
Fp = Dilution Factor

2.2.6.5. Total Plate Count (TPC)
The total number of microorganisms was determined using the total plate count method described in
SNI2332.3: 2015. One gram of the sample was added to the test tube containing 9 ml of physiological



solution until homogeneous, referred to as the 10 dilution, and the dilution is continued until 10°®, at
which point the diluted sample is inoculated on NA media in duplicate using the pour plate method.
Following solidification of the media, the petri dishes containing the media and sample solution were
incubated upside down at 30°C for 48 hours. Following that, the Total Plate Count (TPC) is calculated
using the formula below (Badan Standar Nasional, 2015).

Y.C

N =
[(1xny)+ (0.1 xny)]x (d)

Explanation:
N = Total plate count (cfu/ml)
yC = Number of colonies in all petri dishes counted
ny = Number of petri dishes on first dilution counted
n, = Number of petri dishes on second dilution counted
d = First dilution counted

2.2.6.6. Data analysis

Parameters observed on smart packaging indicator, parameter antimicrobial activity of active
packaging film, as well as parameters observed on beef including pH, TVBN, and TPC processed using
analysis of variance (ANOVA) with three replications, difference between treatment determined using
duncan test. While, correlation of smart packaging indicator color changing value and the effect of
active packaging application in all parameters observed on meat decay presented in 1 graph using
Sigma Plot 12 application. Software applied on data analysis were Microsoft Excel 2019, SPSS versi 19,
and Sigma Plot 12.

3. Results and discussion

3.1. Antimicrobial Activity of Active Packaging Film against Staphylococcus Aureus
The antimicrobial activity test of the active packaging film is presented in Figure 2.
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Note: Means value followed by different letter imply significant difference at 5% level
(P<0.05)

Figure 2. Antimicrobial Activity of Active Packaging Film against Staphylococcus Aureus

The antimicrobial activity of the active packaging film against Staphylococcus aureus was
assessed from the diameter of the inhibition zone formed. Figure 2 indicates that the negative control



did not generate an inhibitory zone, meanwhile, the higher the concentration of garlic extract added
to the active paper, the greater the inhibition against bacteria, although the inhibition zone was not
significantly different at 10% and 15% garlic extract concentrations. Figure 2 shows that the active
packaging film with the addition of garlic extract has antimicrobial activity against gram-positive
bacteria Staphylococcus aureus with a weak category as indicated by the diameter of the inhibition
zone formed is less than 5mm (Morales et al., 2003). The diameter difference between the inhibitory
zones is determined by the ability and rate of diffusion of antimicrobial compounds in the medium,
the growth rate of microorganisms, their sensitivity to antimicrobial chemicals, and the viscosity and
thickness of the medium.

Garlic extract's antibacterial effect is due to the chemical allicin, which is generated when garlic
is damaged. When the fruit flesh of the garlic extract is damaged during the refining process, allicin
compounds are rapidly generated due to the release of the enzyme alliinase, which reacts with non-
protein amino acids, namely alliin. According to several studies, allicin is a type of garlic defense that
is antimicrobial for both gram-positive and gram-negative bacteria by inhibiting RNA and lipid
synthesis. This inhibits the production of amino acids and proteins, and the phospholipid bilayer of
the bacterial cell wall, preventing growth and development. Allicin is highly permeable and easily
penetrates bacterial cells across the cell membrane. The thiosulfinate S(=0)S group in allicin then
binds to the sulfhydryl groups of bacteria, inhibiting the activation mechanism of bacterial
proteinases(Dwivedi et al. 2019; Reiter et al. 2020). The findings of this investigation reveal that garlic
extract has comparable antibacterial effects at concentrations of 10-15%.

3.2.Beef pH

pH measurements were performed to investigate the effect of employing active packaging material
as a meat base in a packaging system during 24 hours of room temperature storage. The findings of
the pH test of meat are shown in Figure 3.
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Figure 3. pH value of packaged meat stored for 24 hours in room temperature.

As illustrated in Figure 3, the initial pH value of the meat was 6.57, which was determined
immediately following the slaughtering procedure and classified as normal. The pH value of meat
fluctuates throughout storage; during the fourth hour of storage, the pH value of the meat ranges
from 6.68 to 6.76, and during the sixth hour of storage, the pH value of the meat ranges from 6.59 to
6.72. Several studies have demonstrated that the pH of normal meat ranges between 5.4-5.8 at 6
hours postmortem (Weglarz 2010; Susanto 2014; Soeparno 2015). In this study, beef has a pH value
that is classified as quite high in comparison to that confirmed in previous studies. This is presumably
due to stress and a brief rest period prior to slaughter, which depletes glycogen reserves, allowing the
anaerobic glycolysis process to occur quickly after slaughter and the lactic acid produced in the tissue
to become depleted; as a result, the pH of the meat drops to an unsatisfactory level. Additionally, cow
are believed to be fatigued before to slaughter, resulting in a depleted supply of ATP and a high enough
temperature during slaughter to expedite the depletion of ATP, so expediting the rigor mortis process.
The sharp rigor mortis causes the pH of the flesh to remain elevated and above normal. This is
confirmed by (Sanchez-Macias et al. 2019; Moreno et al. 2020) that each variety of meat has a
different glycogen content, resulting in a variation in glycolysis rates. The less glycogen in the meat,
the slower the glycolysis process will be and the higher the final pH will be. However, muscle pH
decreases can be influenced by internal elements such as species, muscle type, muscle glycogen, and
livestock variability, as well as external factors such as environmental temperature, additional
treatment before to slaughter, and pre-slaughter stress.



Additionally, Figure 3 demonstrates that after 20 hours of storage, the meat's pH value ranged
between 6.75 and 6.85 and remained steady during the subsequent storage duration, which was
classified as decayed. According to (Prache, Schreurs & Guillier 2021), The meat's pH continues to
decline until the glycogen is depleted into lactic acid followed by the process of neutralization of
alkaline compounds resulting from microbial metabolism, resulting in an increase in pH. If the pH
reaches 6.8 or higher, protein decomposition will occur which ends in spoilage.

3.3.TVBN (Total Volatile Base Nitrogen) of Meat

TVBN values obtained in this study are presented in Figure 4.
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Figure 4. Total Volatile Basic Nitrogen (TVBN) Value of Packed Meat Stored for 24 Hours at Room
Temperature.

Figure 4 illustrates that all meat sample at 0 hour storage had a TVBN value ranging from 7.23 to 8.35
mgN/100g and was therefore classified as fresh meat. After 12 hours of storage, meat that had not
been treated with active packaging film had a TVBN value of 20.67 mg N/100g, indicating that it was
rotten. Meanwhile, samples treated with active packaging film with the addition of 5%, 10%, and 15%
garlic extract had TVBN values respectively, namely 16.19 mgN/100g, 17.31 mgN/100g, and 16.61
mgN/100g which were categorized as semi-fresh meat (stale meat) or the limit of meat is allowed to
be consumed. Meanwhile, the TVBN value of all samples taken between the 16th and 24th hours of
storage exceeded the TVBN value threshold for food-grade beef. This demonstrates the effectiveness
of adding garlic extracts at concentrations of 5%, 10%, and 15% to active packaging film in reducing
the amount of TVBN in fresh meat by 21.67 percent, 16.26 percent, and 19.64 percent, respectively,
when compared to meat samples without active packaging film application. According to several
theories, beef or livestock is considered fresh if the TVBN value is less than 15 mg/100g (National
Standard of the People’s Republic of China 2016), TVBN <10 mg N/100g (Farber 1965), as well as
standard levels of TVBN fit for consumption in accordance with SNI 2354.8:2009 is 20-30 mg N/100g.
This indicates that the TVBN threshold is inconsistent with a measure of meat freshness. Numerous
TVB-N tests, on the other hand, are used to independently examine the quality of beef products.



In this study, the value of TVBN increased throughout storage (observed every four hours),
indicating that the meat's quality continued to deteriorate due to the additional breakdown of protein
into volatile base compounds. The increase in TVBN value is due to the activity of microorganisms that
degrade proteins into simpler molecules that eventually undergo deamination to generate ammonia,
which contributes to odor, as well as the synthesis of nitrogen-containing compounds that are volatile
bases. Additionally, high temperatures can promote protein degradation, resulting in the formation
of more alkaline components. According to (Bekhit et al. 2021), The increase in TVBN value is due to
protein degradation by microorganisms, which results in the formation of foul-smelling chemicals such
as ammonia (NHs), basic skatole and indole compounds, mercaptans and H,S, which are weak acids,
and amines and cadaverin, which are strong bases.

This demonstrates that the addition of garlic extract to active packaging films can delay the spoiling
of meat based on TVBN criteria when compared to untreated meat. This is most likely because garlic's
active components prevent microbial development, hence lowering the synthesis of nitrogenous base
compounds in meat caused by bacteria and autolytic enzymes during the rotting process. This is
supported by (Al Hakim, Hartanto & Nurhrtadi 2016; Reiter et al. 2020), that garlic extract has the
ability to block microbe-produced enzymes involved in the breakdown of proteins into volatile base
chemicals.

3.4.TPC (Total Plate Count) of Microbes in Beef

The total number of bacteria in meat samples was analyzed to determine the effect of utilizing
active packaging films on the microbiological quality of meat packaging systems. The findings of the
TPC measurement on meat are shown in Figure 5.
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Figure 5. Total Plate Count (TPC) of Packed Meat Stored for 24 hours in Room Temperature.
Figure 5 illustrates the initial TPC value for all samples at O hour storage, which is Log TPC 2.53+0.64

CFU/mL and classified as fresh meat based on microbiological quality. Throughout storage, the TPC
value increases until it reaches the maximum number of meat microbes permitted by SNI 3932:2008



about Carcass and Beef Quality, which is 1x10® CFU/ml or equivalent to Log TPC 6 CFU/ml. At 12 hours
of storage, meat samples treated with active packaging film without addition of garlic extract (0%) and
with addition of garlic extract (5%) were characterized as not fulfilling microbiological requirements,
with Log TPC values of 7.65+0.39 CFU/ml and Log TPC 6.20+0.00 CFU/ml, respectively. Meanwhile,
samples treated with active packaging film and 10% and 15% garlic extract were classed as not fulfilling
microbiological requirements after 16 hours of storage, with Log TPC values of 7.47+0.26 CFU/ml and
Log TPC 6.78+0.67 CFU/ml, respectively. This demonstrates that the use of active packaging films in
combination with 10% and 15% garlic extract in the meat packaging system can inhibit microbial
growth and extend the shelf life of meat by up to 4 hours. This is thought to be due to the active
compound Allicin's ability to inhibit the growth of both gram-positive and gram-negative bacteria by
destroying the S-H group (sulfhydryl group) bound to bacterial protein, which is a required group for
bacterial cell division or a specific stimulator for cell multiplication. Allicin works by damaging RNA and
DNA in bacteria, thereby inhibiting their growth and development in meat. This is in line with Deresse's
(2010) statement that Allicin in garlic has the ability to suppress the growth of gram-positive and gram-
negative bacteria by completely inhibiting bacterial RNA synthesis, as well as DNA and protein
synthesis.

The TPC test results in Figure 5 indicate that the total microbial content of meat continues to
increase during storage. This is because meat contains a high nutrient and water content, which
provides an ideal environment for microorganism growth. Additionally, storage at room temperature
can accelerate the growth of microorganisms. This is supported by Soeparno (2015), meat complies
the requirements for microorganism growth because it contains a high proportion of water (68-75
percent), is rich in nitrogen-containing substances of varying complexity, contains a variety of
fermentable carbohydrates, is rich in minerals and essential factors for microorganism growth, and
has a pH suitable for microorganism growth (pH around 5.3-6.5). The findings of the variance analysis
indicated that the storage duration of meat and the usage of active packaging film containing garlic
extract had a highly significant effect on the TPC value of meat at the 1% (0.01) level.

3.5.Color Change of Smart Packaging BTB (Bromothymol Blue) pH 2.75 in Fresh Meat Packaged with
Active Packaging

Based on the results of previous studies' sensitivity tests of the smart packaging indicator
(Dirpan et al. 2019) The BTB (Bromothymol blue) pH 2.75 solution was determined to have the most
readily visible color change reaction during sensitivity testing utilizing fresh beef packaged and
maintained at room temperature for 24 hours. As a result, the smart packaging indicator BTB pH 2.75
was used again in this investigation to evaluate how the indicator's color value changes when paired
with active packaging material in a fresh meat packaging system. The findings of the color reaction of
the smart packaging indicator are shown in Figure 6.
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Figure 6. Color Change of Smart Packaging BTB (Bromothymol Blue) pH 2.75 Applied on Fresh Meat
with Active Packaging Film 0% (a), 5% (b), 10% (c), and 15% (d) of Garlic Extract.

Figure 6 illustrates the three phases of the smart packaging indicator changing color in the fresh
meat packaging system during storage, namely phase | orange indicates the meat is still fresh, phase
Il green with an orange gradation indicates the meat must be consumed immediately, and phase llI
dark green indicates the meat has been cooked. The indicator's color change from phase | (orange) to
phase Il (green with orange gradation) shows that the initial deterioration of the meat has occurred,
as demonstrated by the indicator's color change. The indicator's color changes occurred due to the
intereaction of alkaline volatile resulted by the due to enzyme activity, and the metabolism of
microorganisms grows with storage duration. Microorganisms and enzymes degrade the nutritional
content of meat, releasing volatile alkaline compounds as an early sign of spoilage. These compounds
gradually accumulate in the packaging system, causing an increase in pH, which is detected by smart
packaging indicators via gradual color changes. The color change of the smart packaging indicator BTB



(Bromothymol blue) pH 2.75 from orange to green induced by deprotonation, or the release of a
proton from the smart packaging indicator dye (De Meyer et al. 2014).

According to Figure 6, meat packaged in active packaging film with no additives (0 percent) and
a 5% garlic extract addition is declared fresh during the 0 to 8 hour storage period, must be consumed
immediately during the 8 to 12 hour storage period, and rotted during the 12 to 24 hour storage
period. This is consistent with the TPC test results, which indicated that the TPC value had above the
acceptable threshold for microbial contaminants in meat, which was 1x106 or equivalent to 6 CFU/ml,
after 12 hours. Meanwhile, beef packaged with active packaging film containing 10% and 15% garlic
extract was considered fresh during the 0 to 12 hour storage period, must be consumed immediately
during the 12 to 16 hour storage period, and was pronounced rotten during the 16 to 24 hour storage
period. This is consistent with the TPC test results (Figure 5), which indicate that at the 16th hour, the
TPC value surpassed the permissible level of microbiological contamination in beef. The statistical
results indicate that the storage duration of fresh meat has a very significant effect on the Hue value,
the indicator of color change in smart packaging. The visualization of the color change of the smart
packaging indicator BTB (Bromothymol blue) pH 2.75 when used together with active packaging film
to detect meat rot is presented in Table 1.

Tabel 1. Visualization of Color Change of Smart Packaging Indicator BTB (Bromothymol Blue) pH 2.75
when Used Together with Active Packaging Sheets in Fresh Meat Packaging Systems to Detect Rotten
Meat.
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3.1.Correlation of Changes in Color Value Indicators of BTB Smart Packaging (Bromothymol Blue)
pH 2.75 with the Effect of Active Packaging on All Meat Rotten Parameters
Correlations between changes in the color value of the smart packaging indicator and meat quality
deterioration parameters (pH, TVBN, and TPC) should be performed to ascertain the relationship
between the sensitivity of the smart packaging indicator for detecting meat rot and the effectiveness
of active packaging films in slowing the process of meat spoilage.
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Figure 7. Correlation between Changes in the Color Value of the Smart Packaging Indicator BTB
(Bromothymol Blue) pH 2.75 and the Effects of Active Packaging Film Application 0% (a) 5% (b) 10%
(c) 15% (d) of garlic extract with all meat rotten parameters for 24 hours storage.

According to Figure 7, meat treated with active packaging film without adding garlic extract
increased in TPC and TVBN values, which corresponded to an increase in the color value of the smart
packaging indicator BTB (Bromothymol Blue) pH 2.75. Meanwhile, the pH of meat fluctuates, which is
caused by changes in the pH value caused not only by the production of volatile base compounds
caused by microorganism activity in meat during the storage process, but also by factors such as
glycogen and lactic acid content in livestock prior to and after slaughter. Figure 7 demonstrates that
meat treated with active packaging film without the addition of garlic extract and meat treated with
garlic extract at a concentration of 5% was declared rotten and unfit for consumption after 12 hours
of storage, based on the Log TPC values of 7.65+0.39 CFU/mL and 6.20+0.00 CFU/mL, respectively,
and the TVBN values of 20.67+2.68 mgN/100g and 16.19+0.28 mgN/100g, respectively. Meanwhile,
meat treated with active packaging film and 10% and 15% garlic extract was declared rotten and unfit
for consumption after 16 hours of storage, based on the Log TPC values of 7.47+0.26 CFU/mL and
6.78+0.67 CFU/mL, respectively, and the TVBN values of 26.41+3.31mgN/100g and
25.43+4.89mgN/100g, respectively.

Figure 7 shows that the TPC value gives the same indication of the TVBN value and is in line with
the change in color of the smart packaging indicator of meat treated with active packaging film
without addition (0%) and the addition of 5% garlic extract was declared rotten at 12 hours of storage.
the color of the indicator changes from orange (fresh) with a color value of 19.6°Hue and 19.2°Hue to
green (rotten) with a color value of 96.2°Hue and 95.60Hue respectively. Meanwhile, meat that was
treated with active packaging film with the addition of 10% and 15% garlic extract was declared rotten
at the 16th hour of storage, indicated the color of the indicator changed from orange (fresh) with color
values 18.2°Hue and 19.6°Hue, respectively to green (rotten) with color values of 98.2°Hue, and
99°Hue, respectively. According to Wiryawan dkk (2005), When garlic extract was added to active
packaging, the value of TPC, TVBN, and pH of the meat increased more slowly, as did the color of the
smart packaging indicator, compared to meat without active packaging.

The increase in TPC, TVBN, and pH values of meat is strongly influenced by its nutrient content
and high water content, implying a high risk of microbial contamination. Additionally, storing meat at
room temperature accelerates the growth of bacteria. In general, an increase in the number of
microorganisms is followed by an increase in the production of a volatile base chemical called TVBN
(Total Volatile Basic Nitrogen). The more microorganisms present and active, the more volatile base
compounds are released, as indicated by the growing TVBN value, which also has an effect on the
meat's pH value. The increase in TPC, TVBN, and pH values also correlates linearly with the increase in
Hue value and color change of the smart packaging indicator, as the accumulated volatile base
compounds raise the pH value of the packaging system, causing the smart packaging indicator to
experience a color shift. This explanation in line with study conducted by Pacquit et al. (2006) that
applies active packaging on Cod fish, it is stated that there is a linear correlation pattern between the
increase in the TPC value of cod with changes in the color of the cellulose-acetate packaging film
sensor.



4. Conclusion

It is concluded that using BTB (Bromothymol blue) pH 2.75 solution, the smart packaging indicator has
a sensor color change that is easy to observe visually through 3 phases, namely phase | orange
indicates the meat is still fresh, phase Il green with orange gradation indicates meat must be
consumed immediately, and phase lll dark green indicates the meat has rotten and unfit for
consumption. Meat treated with active packaging sheet treatment containing 10% and 15% garlic
extract rotted after 16 hours, while meat treated with active packaging sheet treatment containing
0% and 5% garlic extract rotted after 12 hours. BTB (Bromothymol blue) pH 2.75 color change has
linear and positive association with TPC, TVBN, and pH test parameters of meat packaged utilizing
active packaging sheets.
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Application of a Smart Sensor and Active Packaging System Based on the Cellulose of Acetobacter
xylinum o Meat Products

Abstract.
Combining smart and active packaging serves the dual purpose of detecting color changes in food that

reflect changes in its quality and prolonging jts shelf life, This study developed a smart and active

packaging system made from the cellulose of Acetobacter xylinum and assessed its ability to detect / [

changes in the guality of packaged fresh beef. The properties of the smart packaging’s sensor and active
packaging films were determined, The application of this system to fresh beef stored at room temperature
(28+2 °C) for 24 h,was tested. The color of the bromothymol blue (BTB) solution {pH 2.75) jn the indicator
of the smart packaging system changed from orange to dark green, to indicate that beef quality changed
from fresh to rotten. The meat treated with the active packaging with 10% and 15% garlic extract decayed
on the 16th h, By contrast, the meat treated with the active packaging but without the garlic extracts
rotted on the 12th h, The shift in the indicator’
Yolatile pasic nitrogen, and pH of the meat packaged using the active packaging system. Therefore, BTB
solution (pH 2.75) can be used as a smart packaging indicator, that will allow, consumers to assess the \
quality of packaged meat _easily. As an antimicrobial agent, the addition of 10%-15% garlic extract to the
active packaging films can help delay the spoilage of packaged meat,

1. Introduction

Global beef consumption is predicted to rise as the world population and family income_jncrease,
particularly in developing Asian countries (Dupont & Fiebelkorn 2020; Gonzélez et al. 2020; OECD/FAQ
2021). By 2030, worldwide meat consumption and availability are expected to increase by 14% and 5.9%, \
respectively, over the average of the 2018H2020 period {OECD/FAO 2021). Thus, the expected increase,in
meat consumption must be complemented by improvements in the quality of fresh meat produced. One |

aspect affecting the quality and characteristics of meat is the material and packaging technologies used
(Abdurehman Musa 2019). Meat is a perishable item that rapidly spoils when stored above the optimum |\
temperature range (below Q-40_°F) (Beltran, Roncalés & Bellés 2018; Franco, da Cunha & Bianchi 2021). \\
However, jn traditional markets, meat is displayed at room temperature without packaging, a practice \

that might accelerate microbial contamination and cause rapid quality degradation, Even in supermarkets
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where meat js maintained in cold temperatures, standard meat packaging still prevent consumers from

subjectively determining, the quality of meat. Thus, meat packaging must have additional functions that
will prevent quality degradation due to microbjal contamination and will help consumers to determine

the quality of packaged meat easily (Dirpan et al. 2019). Conventional meat packaging can be designed to
perform dual functions through smart and active packaging systems.

Smart packaging is a term that refers to sensors in the form of indicators that monitor and provide
information on the quality of the food contained within the packaging via color changes caused by

chemical reactions between the indicators and the products of microbial metabolism or changes in the
chemical composition of the food (Dobrucka & Cierpiszewski 2014). During storage, the chemical
components of meat degrade into volatile compounds pecause of microbial activity, thereby increasing
the value of jotal yolatile pase pitrogen (TVBN) (Bekhit et al. 2021; Ma et al. 2021). Accumulation of TVBN
Jncreases the pH of the packaging system, which is detected by the indicator, resulting in a visible color

shift in the indicator (Pacquit et al. 2006; Ma et al. 2021). Smart packaging allows easier monitoring of
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packed products during transportation and storage (Dobrucka dan Cierpiszewski, 2014). Moreover, it
labels (Pacquit,

provides a more accurate estimate of product condition than conventional expiratio
Crowley & Diamond 2008). Color-based pH indicator solutions are widely used as smart indicators. Dirpan
et al. (2018) developed bromophenol blue as a smart indicator dye for mangoes, Hidayat et al. (2019)
used two types of color indicators_with predetermined concentrations, namely, phenol red and

bromothymol blue, to assess the freshness of meat packaging, Smart packaging indicators based on

natural pigments are being developed, such as smart packaging films that include anthocyanin-loaded

/

ycium ruthenicum nanocomplexes in starch/polyvinyl alcohol mixtures (PVA) (Qin et al. 2021), as well as //

Anthocyanins from saffron petals immobilized jn_chitosan nanofibers and methyl cellulose matrix
(Alizadeh-Sani et al. 2021).

Active packaging refers to the integration of particular additives into a packaging system for the
purpose of extending the shelf life, preserving the quality, and ensuring the safety of food products

Deleted: through ...uring transportation and storage
(Dobrucka dan Cierpiszewski, 2014). Moreover, it provides a
more accurate estimate of product condition than
conventional expirationed...labels (Pacquit, Crowley &
Diamond 2008). Several studies have demonstrated the
widespread usage of c...olor-based pH indicator solutions
are widely used as smart indicators. Dirpan et al. (2018)
developed bromophenol blue as a smart indicator dye for
mangoes (Dirpan et al. 2018) and... Hidayat et al. (2019)
used two types of color indicators with predetermined
concentrations, namely, (...henol red and bromothymol
blue,)...to assess with determined concentrations on ...he
freshness of meat packaging (Hidayat et al. 2019)...
Additionally, s...mart packaging indicators based on natural
pigments are being developed, such as smart packaging

films that include anthocyanin-loaded L ﬁ

Antimicrobial agents are used as components of active packaging additives_to extend product shelf life.

The yolatile bioactive compounds jn active packaging gvaporate, or diffuse, onto the food surface, where
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the bacterial cellulose fermented by Acetobacter xylinum has a unique nanofibrillar structure and superior
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The main ingredients used in the smart and active packaging system developed herein were the bacterial

Deleted: cetobacter...xylinum, which is

/

[

cellulose produced by A xylinum, which was fermented in natural media of coconut water. Beef tenderloin
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was obtained from a slaughterhouse in Tamangapa Raya. Coconut water and garlic (Allium sativum) were
purchased from a Jocal market. Food-grade ammonium sulfate (CAS Number: 7783-20-2), yeast extract
(Merck, CAS Number: 8013-01-2), 96% acetic acid, A xylinum culture, 5% 1 N NaOH, sucrose, BTB, alcohol,
aquabides, aquades, Tashiro’s indicator (0.1% methyl red and 0.1% BTB at a ratio of 2:1), 7%
Jfrichloroacetic acid (TCA, Merck), nutrient Agar (NA,Merck), glycerol (Merck, CAS Number: 56-81-5), food-
grade,carboxymethyHcelIulose (CMC) [Foodchem, E466), and corn starch were used.‘

2.2. Method
2.2.1. Determination of the pest pitrogen source from A, xylinum fermentation media

The production of A, xylinum bacterial cellulose membranes was started by determining the amount and

type of the most suitable nitrogen source from A, xylinum growth media following the method of a
previous study (Dirpan et al. 2019).

2.2.2. Purification of bacterial cellulose
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2.2.3. Production of smart packaging
2.2.3.1. Preparation of the indicator solution,

indicator with the most visually identifiable color change reaction (Dirpan et al. 2019). First, 1% BTB
solution (b/v) was prepared in 95% ethanol, Then, the pH of the BTB solution was decreased to 2.74 by
adding 20% acetic acid. Finally, the BTB, solution_was stored in a closed container.
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2.2.4. Production of active packaging film

2.2.4.1.Production of garlic extract as active element
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garlic in 96% alcohol at a ratio of 1:4 (garlicialcohol) for 4 days at 3.°C=5_°C and periodically
homogenized using a water bath shaker. Afterward, the extract was filtered using a filter paper
and then concentrated using a rotary evaporator at 50 rpm at 40_°C to obtain a thick extract (Rotty
dan Tjitrosantoso,2015; Shetty et al, 2013).

Tjitrosantoso, ﬁ
2.2.4.2. Production of active packaging film { Deleted: }
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room temperature. A cellulose suspension was prepared using 30% chitosan (w/w), 10% CMC (w/w), and
15% corn starch (w/w) of cellulose dry weight. The suspension was heated at 50 °C for 60 min, with a hot
plate stirrer until thoroughly suspended. At the 50th min, 30% glycerol (w/w) was added, Additionally, the
garlic extract was added at quantities of 0% (as the control), 5%, 10%, and 15% (v/v) immediately after

the final heating step. Subsequently, 60 g of the suspension was then placed onto a glass plate and dried
for 48 h at 37 °C. Finally, the suspension was cooled to room temperature, removed from the glass plate,
wrapped in; foil, and placed in a desiccator (Indrarti et al, 2016; Irianj,2014).

2.2.5. Application of the smart and active packaging jndicators 1o fresh beef
Fresh beef tenderloin was collected from a slaughterhouse in Tamangapa Raya Makassar 1 h after the cow

was slaughtered. Jt was immediately placed in a special food box and put into a 38 cm x 29 cm x 30 cm

! box filled with ice crystals. The samples were promptly transported to the laboratory and
Pprocessed into 200 g/pack pieces_under sterile conditions. The meat was packaged in a |
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maintained at room temperature (2812 °C) with normal light exposure for 24 h.
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2.2.6. Observation parameters

2.2.6.1. Measurement of the color of the]smart‘gackagingjndicatod
The color of the smart packaging indicators was quantitatively determined using a chromameter digital
color meter (T-135). The meat packaged in the smart and active packaging system was placed on a flat

surface with a black background with uniform lighting. The chromameter detector was placed on the ™

surface of the smart packaging indicator, The start button was pressed until the measurement results
were shown on the display. The measurement results were expressed according to the notation of the
Hunter’s Lab Colorimetric System, which is presented in three values, namely L* (Jightness), a* (redness),
and b* (yellowness) (Yam & Papadakis 2004; Nurmawati 2011). The color of the smart packaging indicator
Wwas determined by calculating the °Hue value by using the formula below;,

°Hue = tan"qu ‘
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2.2.6.2. Antimicrobial activity of the active packaging films,
The antimicrobial activity of the active packaging films was determined_via the agar diffusion method.

Each active packaging film was cut into 5 mm circles jn a sterile environment,and then placed on NA agar

media with 0.1 ml of the est microorganism culture (Staphylococcus aureus) containing 108 CFU/ml. Petri
dishes were incubated for 24 h at 37 °C. After incubation, the inhibitory zone was measured using a caliper
(Padgett et al_1998).

2.2.6.3. Determination of pH of the beef samples

N

Deleted: =

Formatted: Font: Italic, English (United States)
Deleted: =

Commented [199477]: Clarify what b actually stands for.

Deleted: Testing the

Deleted: A...ctivity of the A...ctive P...ackaging F...ilms"

Deleted: (prepared ...n a sterile environment)...and then

Formatted: Font: Italic, English (United States)

The pH of the beef samples was measured using a pH meter (Oakton pH 510). First, 5 g of crushed meat
was combined with 45 ml of distilled water until the mixture became homogenous. The pH meter’s

electrode was then immersed in the beef suspension until the pH value on the monitor pecame constant.
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2.2.6.4. Measurement of TVBN,
First, 30 ml of 7% TCA solution was added to a meat sample (10+0.1 g) and mixed before filtering. The, 1
ml boric acid solution was placed in the “inner chamber” of the Conway dish. The lid of the cup was placed
in such a way that it almost covered, the cup. The filtrate was placed into the left outer chamber of the
Conway dish. Afterward, 1 ml saturated K,COs solution was put into the right outer chamber to avoid
mixing the filtrate with K2COs. The cup was closed and rotated fo mix the two liquids in the outer chamber.
The blank solution was prepared following the same process but with 7% TCA instead of the filtrate. The,
solutions were stored at 37 °C for 2 h. The boric acid solution with the blank and filtrate samples was then
titrated with 0.01 N HCl until it turned pink. TVBN was calculated as follows (AOAC, 1995);

/_/,ﬁ,ﬁzﬁ'ﬁ

N
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(Vc-Vb)x N X 14,007 x fp x 100|
w P

TVBN content (mg/100 g)=

where V. is the volume of the HCl solution used in sample titration, Vp is the volume of the HCI
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Jjs the molecular weight of pitrogen, and fpjs the dilution factor,
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2.2.6.5. Total plate count,

The total number of microorganisms was determined yia the total plate count (TPC) method described !n,,\[ Deleted: P..late C...ount (TPC)
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SNI2332.3:2015. First, 1 g of the sample was added to a test tube containing 9 ml of physiological solution
until homogeneous (10" dilution), The dilution was continued until 10:°, at which point the diluted sample
as inoculated on NA media in duplicate via the pour plate technique. After the media solidified, the Petri
dishes containing the media and the sample solution were incubated upside down at 30 °C for 48
Afterward, TPCwas calculated using the formula below (Badan Standar Nasional, 2015);,

N = —‘EC ‘
T [(1xny)+ (0.1xn2)]X (d)
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where N.is TPC (CFU/ml), ¥'.C
colonies counted in all Petri dishes at first dilution, j1, is the number of colonies counted in all Petri
dishes at second dilution, and

Js the number of colonies counted in all Petri dishes, ny is the number of

is the number of colonies counted in all Petri dishes at first dilution

2.2.6.6. Data analysis
ANOVA was used to the parameters of the smart packaging indicator, antimicrobial activity of the
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active packaging films, and quality of the beef samples, including pH, TVBN, and TPC with three
replications, Differences between treatments were determined using Duncan’s test. The correlations
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Jpetween the changes in the color of the smart packaging indicator and the effects of the active packaging
on all parameters of meat spoilage were explored and presented in graphs by using the Sigma Plot 12
Jsing Microsoft Excel 2019, SPSS 19, and Sigma Plot 12.

Software. Data were

3. Results and discussion
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3.1. Antimicrobial activity of the active packaging films against S, gureus
The antimicrobial activity of the active packaging films is presented in Figure 2.
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Note: Means followed by different letters imply significant differences at 5% level (P<0.05)
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Figure 2. Antimicrobial activity of the active packaging films against S, gureus
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The antimicrobial activity of the active packaging films against S, aureus was assessed
the diameter of the inhibition zone, As shown in Figure 2, the negative control did not generate an
inhibitory zone. However, when high concentrations of the garlic extract were added to the active
packaging films, the jnhibitory activity against the bacteria was high, although the inhibition zone was not
significantly different between 10% and 15% garlic extract, The active packaging films added with garlic
extract exhibited antimicrobial activity against the Gram-positive bacteria S, aureus, but the activity could
be considered weak pecause the diameter of the inhibition zone was less than 5. mm (Figure 2) (Morales

et al.,, 2003). Differences in the diameter of inhibitory zones are influenced by the ability and rate of

diffusion of antimicrobial compounds in the medium, the growth rate of microorganisms, and thelr
sensitivity to antimicrobial chemicals, and the viscosity and thickness of the medium.

The antibacterial effects of garlic extract are due to allicin, which is generated when garlic is
damaged. When the flesh of garlic js damaged during the refining process, allicin js rapidly generated
Jpecause of the release of alliinase, which reacts with nonprotein amino acids, namely, alliin. Allicin is a
part of the defense mechanism of garlic that exerts antimicrobial effects on both Gram-positive and Gram-
negative bacteria by inhibiting RNA and lipid syntheses, which in turn jnhibit the production of amino acids

| growth rate of microorganisms,
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development. Allicin is highly permeable and can easily penetrate, bacterial cells across the cell
membrane. The thiosulfinate S(=0)S group in allicin then binds to the sulfhydryl groups of bacteria, thus
inhibiting the activation mechanism of bacterial proteinases (Dwivedi et al. 2019; Reiter et al. 2020). This
study demonstrated that,10%-15% garlic extract has comparable antibacterial effects,

3.2.pH of the beef samples
The pH of the beef samples was measured to investigate the effects of the active packaging films as the
meat base in the packaging system. The beef samples were stored at room temperature for 24 h, The

results of pH measurements are shown in Figure 3.
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Figure 3. pH values of packaged meat sample stored at room temperature for 24 h.
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JThe initial pH of the meat samples, which was immediately determined after the cow was
slaughtered, was normal (6.57) (Figure 3), The pH fluctuated during the storage period, At the 4th hour of
the storage period, the pH of the meat ranged from 6.68 to 6.76, At the 6th hour of the storage period,
the pH of the meat ranged, from 6.59 to 6.72. The normal pH of meat ranges from 5.4 to 5.8 at 6
postmortem (Weglarz 2010; Susanto 2014; Soeparno 2015). In this study, the beef samples had a pH value
that could be classified as quite high compared, with that reported in previous studies. This result could
be presumably attributed to the stress and the brief rest period that the cow experienced pefore it was
slaughtered, These factors depleted, the cow’s glycogen reserves, allowing anaerobic glycolysis o occur
quickly after it was slaughtered and depleting the lactic acid produced in jts tissues, As a result, the pH of
the meat dropped, to an unsatisfactory level. Cows are thought to experience fatigue, before they are
slaughtered, thereby depleting the supply of ATP. Moreover, the sufficiently high temperature during
slaughter accelerates the depletion of ATP, thus expediting the process of rigor mortis, The acceleration
of rigor mortis causes the pH of the flesh to remain elevated and above normal, as confirmed by Sénchez-
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Macias et al. (2019), and Moreno et al. (2020), who reported that each variety of meat has a different

glycogen content; thus, they have different glycolysis rates. The Jower the content of glycogen in the meat

is, the slower the glycolysis process will be and the higher the final pH will be. However, the decrease in

pH in_muscles can be influenced by internal factors, such as species, muscle type, muscle glycogen
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content, and livestock variability, as well as external factors, such as environmental temperature,

[

additional treatment prior to slaughter, and pre-slaughter stress.
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After 20 h, of storage, the meat's pH value ranged from 6.75 and 6.85 and remained steady
thereafter; at this point, the meat was classified as decayed (Figure 3). According to Prache, Schreurs, and
Guillier (2021), the meat's pH continues to decline until glycogen is depleted into lactic acid and alkaline
compounds are neutralized pecause of microbial metabolism, resulting in an increase in pH. If the pH
reaches 6.8 or higher, protein decomposition will occur, yesulting in spoilage.

3.3.TVBN of the meat samples

The TVBN values of the meat samples are presented in Figure 4.
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At 0 h, all meat samples had TVBN values ranging from 7.23 mgN/100 g to 8.35 mgN/100_g (Figure 4).
JTherefore, they were classified as fresh meat. After 12 h of storage, the meat samples that had not been
treated with the active packaging films had a TVBN value of 20.67 mg N/100g, indicating that they were
rotten. By comparison, the meat samples treated with the active packaging films and added with 5%, 10%,
and 15% garlic extract had TVBN values;ﬂlB.lQ, 17.3], and 16.61 mgN/lOO_gL respectively. Thus, they
Were categorized as semi-fresh meat (stale meat) or could still be consumed. However, the TVBN values
of all meat samples taken between the 16th and 24th h of storage exceeded the threshold for food-grade
ffectivel

beef, demonstrating that adding 5%, 10%, and 15% garlic extract jo the active packaging films
reduced,the amount of TVBN in fresh meat by 21.67%, 16.26%, and 19.64%, respectively, compared with
the meat samples not treated with the active packaging films, Beef or livestock is considered fresh if the
TVBN value is less than 15 mg/100 g (National Standard of the People’s Republic of China 2016) or TVBN
is <10 mg N/100 g (Farber 1965). Moreover, SNI 2354.8:2009 states that the standard levels of TVBN fit
for consumption js 20530 mg N/100g. These differences in TVBN threshold indicates that it is an

Deleted: which ...ere categorized as semi-fresh meat (stale
meat) or the limit of meat is allowed to ...ould still be
consumed. Meanwhile...owever, the TVBN values of all
meat samples taken between the 16th and 24th hours ...of
storage exceeded the TVBN value ...hreshold for food-grade
beef,....This ...emonstratinges...the effectiveness of ...hat
adding 5%, 10%, and 15% garlic extracts...at concentrations
of 5%, 10%, and 15% ...o the active packaging films in
effectively reduceding...the amount of TVBN in fresh meat
by 21.67% percent... 16.26% percent... and 19.64%
percent... respectively, when ...ompared to ...ith the meat
samples without ...ot treated with the active packaging films
application... According to several theories, b...eef or
livestock is considered fresh if the TVBN value is less than 15
mg/100 g (National Standard of the People’s Republic of
China 2016),...or TVBN is <10 mg N/100 g (Farber 1965).
Moreover, SNI 2354.8:2009 states that the as well as
standard levels of TVBN fit for consumption in accordance
with SNI2354.8:2009 ...s 20—-...0 mg N/100g. This ...hese
differences in indicates that the (]




inconsistent measure of meat freshness. TVBN tests can be performed to examine the quality of beef
products independently.
In this study, the values of TVBN increased throughout the storage period (observed every 4 |

indicating that the meat's quality continued to deteriorate owing to the preakdown of proteins into
volatile base compounds. The increase in TVBN values was due to the activity of microorganisms that
degraded proteins into simpler molecules, which eventually underwent, deamination to generate

ammonia, which contributed, to the foul odor_of the meat samples, as well as the synthesis of volatile

nitrogen-containing compounds, High temperatures can promote protein degradation, resulting in the
formation of more alkaline components. According to Bekhit et al. (2021), the increase in TVBN value is
due to protein degradation by microorganisms that results in the formation of foul-smelling chemicals,

such as ammonia (NHs), basic skatole and indole compounds, mercaptans and H,S (which are weak acids),
and amines and cadaverin (which are strong bases).
The results demonstrated, that the addition of garlic extract to the active packaging films delayed the

spoiling of the meat sampleg, Jikely because the garlic’s active components prevented microbial
development, thereby lowering the synthesis of nitrogenous base compounds in the meat caused by

Deleted: with a ...easure of meat freshness. Numerous ...VB-
N tests,...on the other hand, are used ...an be performed to
independently (.

Deleted: four ... hours..., indicating that the meat's quality
continued to deteriorate due ...wing to the additional
breakdown of proteins into volatile base compounds. The
increase in TVBN values is ...as due to the activity of
microorganisms that degraded proteins into simpler
molecules, that ...hich eventually
underwentgo...deamination to generate ammonia, which
contributeds...to the foul odor of the meat samples, as well
as the synthesis of volatile nitrogen-containing compounds
that are volatile bases... Additionally, h...igh temperatures
can promote protein degradation, resulting in the formation
of more alkaline components. According to (...ekhit et al.
(2021), T...he increase in TVBN value is due to protein
degradation by microorganisms,...which ...hat results in the
formation of foul-smelling chemicals, such as ammonia
(NHs), basic skatole and indole compounds, mercaptans and
H,S,...(which are weak acids), and amines and cadaverin, ﬁ

bacteria and autolytic enzymes during the rotting process. This conjecture was supported by Al Hakim,
Hartanto, and Nurhrtadi (2016) and Reiter et al. (2020), who reported that garlic extract has the ability to
block microbe-produced enzymes involved in the breakdown of proteins into volatile base chemicals.

3.4.TPC of the microbes in the beef samples
The TPC of bacteria in the meat samples was
films, (Figure 5).

etermined to assess the utility of the active packaging
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Figure 5. Total plate count (TPC) of packed meat stored at yoom jemperature for 24 h.
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At 0 h of the storage_period, the initial TPC value (Log TPC) of all meat samples was 2.53%0.64 CFU/m|

(Figure 5). Thus, the meat samples were classified as fresh on the basis of microbiological quality.

Throughout the storage period, the TPC value increased, until it reached the maximum number of meat

microbes permitted by SNI 3932:2008 on carcass and peef guality, which is 1x10° CFU/ml or equivalent

to Log TPC 6 CFU/ml. At 12 h of storage, the meat samples treated with the active packaging films but

without garlic extract (0%) and those added with 5% garlic extract did not fulfil the microbiological

requirements, as they had a Log TPC value, of 7.65+0.39 and 6.20+0.00 CFU/ml, respectively. By

comparison, the meat samples treated with the active packaging films and 10% and 15% garlic extract

also did not fulfil the microbiological requirements after 16 h of storage as they has a Log TPC value, of
7.47+0.26 and 6.78+0.67 CFU/ml, respectively. This result demonstrated, that the active packaging films
With 10% and 15% garlic extract in the meat packaging system can inhibit microbial growth and extend

the shelf life of meat by up to 4 h pecause allicin can inhibit the growth of both Gram-positive and Gram-
negative bacteria by destroying the sulfhydryl group bound to bacterial proteins, This process is important

because the sulfhydryl group js required for bacterial cell division or acts as a specific stimulator for cell
multiplication. Allicin gdamaged, the RNA and DNA of bacterig, and_thus jnhibitg, their growth and

development in meat. ,Peresse (2010) reported that allicin can suppress the growth of both

Gram-positive and Gram-negative bacteria by completely inhibiting the syntheses of bacterial RNA, DNA,

and proteing,

JThe total microbial content of the meat samples continued, to increase during the entire storage

period (Figure 5) pecause meat contains a high nutrient and water content, which provides an ideal

environment for microorganism growth. Moreover, storage at room temperature can accelerate the

growth of microorganisms. According to Soeparno (2015), meat has the ideal conditions for |

microorganism growth because it contains a high proportion of water (68%-75%), it is rich in nitrogen-

containing substances of varying complexity, it contains various fermentable carbohydrates, it is rich in

minerals and essential putrients for microorganism growth, and it has a suitable pH for microorganism
growth (pH 5.3-6.5). Variance analysis revealed that the duration of storage of the meat samples and the

use,of the active packaging films with garlic extract had a highly significant effect on the TPC value of the

samples (P>0.01),

3.5.Changes in the color of the smart packaging BTB jndicator solution as a measure of the freshness of

the meat packaged with the active packaging films

Using fresh beef packaged and maintained at room temperature for 24 h, Dirpan et al. (2019)

determined that BTB solution (pH 2.75) produces the most readily visible color changes to sensitivity tests,

In this study, the BTB solution (pH 2.75), as the smart packaging indicator, was also utilized fo evaluate

changes in its color as a reflection of the freshness of the meat samples packed with the active packaging

films (Figure 6).
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Figure 6. Changes in the color of the BTB solution (pH 2.75) as the smart packaging indicator reflecting Deleted: C...olor Change ...f the BTB solution (pH 2.75) as
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the active packaging films with 0% (a), 5% (b), 10% (c), and 15% (d) garlic extract on the parameters of

guality deterioration of meat stored for 24 h,

The TPC and TVBN values of the meat samples treated with the active packaging films but without

garlic extract increased, which was reflected by the change in the color of the smart packaging indicator

Figure 7). The pH of the meat samples fluctuated pot only pecause of the production of volatile base
compounds due to the activity of microorganisms jn the samples during the storage period, but also

Jbecause of various factors, such as the contents of glycogen and lactic acid jn the livestock prior to and

after the slaughter. The meat samples treated with the active packaging films but without garlic extract
and those treated with 5% garlic extract were yotten and unfit for consumption after 12 h of storage,as

their Log TPC value, was 7.65+0.39 and 6.20£0.00 CFU/mL, respectively, and their TVBN value, was

20.67+2.68 and 16.19+0.28 mgN/100g, respectively (Figure 7). By comparison, the meat samples treated

with the active packaging films and 10% and 15% garlic extract were rotten and unfit for consumption

after 16 h_of storage,as their Jog TPC value was 7.47+0.26 and 6.78+0.67 CFU/mL, respectively, and their

TVBN value was 26.41+3.31 and 25.43%4.89 mgN/100g, respectively.

Deleted: According to Figure 7, ...he TPC and TVBN values of
the meat samples treated with the active packaging films
but without adding ...arlic extract increased in TPC and
TVBN values... which corresponded ...as reflected by the to
an increase in the ...hange in the color value ...f the smart
packaging indicator BTB (Bromothymol Blue) pH
2.75...Figure 7). Meanwhile, the ...he pH of the meat
samples fluctuateds,...which is caused by changes in the pH
value caused ...ot only by ...ecause of the production of
volatile base compounds caused by ...ue to the activity of
microorganisms activity in meat ...n the samples during the
storage process...eriod,...but also by ...ecause of various
factors, such as the contents of glycogen and lactic acid
content ...n the livestock prior to and after the slaughter.
Figure 7 demonstrates that ...ne meat samples treated with
the active packaging films but without the addition of ...arlic
extract and those meat ...reated with 5% garlic extract at a
concentration of 5% was ...ere declared ...otten and unfit for
consumption after 12 hours ...of storage,...based on the ...s
their Log TPC values...of ...as 7.65+0.39 CFU/mL ...nd
6.20+0.00 CFU/mL, respectively, and their TVBN values...of
was 20.67+2.68 mgN/100g ...nd 16.19+0.28 mgN/100g,
respectively (Figure 7). Meanwhile...y comparison, the meat
samples treated with the active packaging films and 10%
and 15% garlic extract was declared ...ere rotten and unfit
for consumption after 16 hours ...of storage,...as their based
on the ...og TPC values...of ...as 7.47+0.26 CFU/mL ...nd
6.78+0.67 CFU/mL, respectively, and their TVBN values...of
was 26.41+3.31mgN/100g h




The TPC values indicated the same level of quality deterioration as the TVBN values and yeflected
the changes in the color of the smart packaging indicator of the freshness of the meat samples treated
with the active packaging films without (0%) and with 5% garlic extract; these samples were deemed
rotten after 12 h of storage (Figure 7). The color of the indicator changed from orange (fresh) with a color
value of 19.6°Hue and 19.2°Hue to green (rotten) with a color value of 96.2°Hue and 95.6°Hue
respectively. By comparison, the meat samples treated with the active packaging films and added with
10% and 15% garlic extract were deemed rotten after 1

of storage; the color of the indicator changed

from orange (fresh) with color values of 18.2°Hue and 19.6°Hue, respectively, to green (rotten) with color
values of 98.2°Hue,and 99°Hue, respectively. Wiryawan (2005), observed that when garlic extract was

added to the active packaging, the values of TPC and TVBN,and the pH of the meat increased more slowly,

as did the color of the smart packaging indicator, compared with those of the meat without the active
packaging.
The increase in the values of TPC, TVBN, and pH of meat is strongly influenced by its high nutrient

2nd water content, which is conducive to microbial contamination. Moreover, storing meat at room

temperature accelerates pacterial growth, In general, an increase in the number of microorganisms is \
followed by an increase in the production of the volatile base chemical called TVBN, More volatile base

compounds are released when more microorganisms are present and active, as indicated by the jncrease
in TVBN value, which also has an effect on the meat’s pH value. Furthermore, the increase in the values
of TPC, TVBN, and pH Jinearly correlates with the increase in Hue value and color changes of the smart
packaging indicator pecause the accumulated volatile base compounds raise the pH value of the packaging \\

system, causing the smart packaging indicator to experience a color shift. This explanation was in
agreement with that of Pacquit et al. (2006), who applied, active packaging films to cod fish. They, stated
Ihat the increase in the TPC value of cod fish has a linear correlation with changes in the color of the |
cellulose-acetate packaging film sensor.

4. Conclusion

As a smart packaging indicator, the BTB solution (pH 2.75) produce color changes that are easy to observe
and reflect three phases of meat quality deterioration. In phase |, its color was orange, indicating that the
meat was still fresh. In phase I, its color was green with an orange hue, suggesting that the meat must be
consumed immediately. In phase Ill,_its color was dark green, denoting that the meat was already rotten
and unfit for consumption. The meat samples treated with the active packaging films and added with 10%
and 15% garlic extract rotted after 16 h, whereas the meat samples treated with the active packaging films
2nd added with 0% and 5% garlic extract rotted after only 12 h, The changes in the color of the BTB
solution was linearly and positively associated with the values of TPC, TVBN, and pH of the meat samples
packaged with the active packaging films.
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Application of a Smart Sensor and Active Packaging System Based on the Cellulose of Acetobacter
xylinum to Meat Products

Abstract.

Combining smart and active packaging serves the dual purpose of detecting color changes in food that
reflect changes in its quality and prolonging its shelf life. This study developed a smart and active
packaging system made from the cellulose of Acetobacter xylinum and assessed its ability to detect
changes in the quality of packaged fresh beef. The properties of the smart packaging’s sensor and active
packaging films were determined. The application of this system to fresh beef stored at room temperature
(28+2 °C) for 24 h was tested. The color of the bromothymol blue (BTB) solution (pH 2.75) in the indicator
of the smart packaging system changed from orange to dark green to indicate that beef quality changed
from fresh to rotten. The meat treated with the active packaging with 10% and 15% garlic extract decayed
on the 16th h. By contrast, the meat treated with the active packaging but without the garlic extracts
rotted on the 12th h. The shift in the indicator’s color was linearly related to the hotal plate count, total
volatile basic nitrogenL and pH of the meat packaged using the active packaging system. Therefore, BTB
solution (pH 2.75) can be used as a smart packaging indicator that will allow consumers to assess the
quality of packaged meat easily. As an antimicrobial agent, the addition of 10%—-15% garlic extract to the
active packaging films can help delay the spoilage of packaged meat.

1. Introduction

Global beef consumption is predicted to rise as the world population and family income increase,
particularly in developing Asian countries (Dupont & Fiebelkorn 2020; Gonzalez et al. 2020; OECD/FAO
2021). By 2030, worldwide meat consumption and availability are expected to increase by 14% and 5.9%,
respectively, over the average of the 2018H2020 period (OECD/FAO 2021). Thus, the expected increase in
meat consumption must be complemented by improvements in the quality of fresh meat produced. One
aspect affecting the quality and characteristics of meat is the material and packaging technologies used
(Abdurehman Musa 2019). Meat is a perishable item that rapidly spoils when stored above the optimum
temperature range (below 0-40 °F) (Beltran, Roncalés & Bellés 2018; Franco, da Cunha & Bianchi 2021).
However, in traditional markets, meat is displayed at room temperature without packaging, a practice
that might accelerate microbial contamination and cause rapid quality degradation. Even in supermarkets
where meat is maintained in cold temperatures, standard meat packaging still prevent consumers from
subjectively determining the quality of meat. Thus, meat packaging must have additional functions that
will prevent quality degradation due to microbial contamination and will help consumers to determine
the quality of packaged meat easily (Dirpan et al. 2019). Conventional meat packaging can be designed to
perform dual functions through smart and active packaging systems.

Smart packaging is a term that refers to sensors in the form of indicators that monitor and provide
information on the quality of the food contained within the packaging via color changes caused by
chemical reactions between the indicators and the products of microbial metabolism or changes in the
chemical composition of the food (Dobrucka & Cierpiszewski 2014). During storage, the chemical
components of meat degrade into volatile compounds because of microbial activity, thereby increasing
the value of total volatile base nitrogen (TVBN) (Bekhit et al. 2021; Ma et al. 2021). Accumulation of TVBN
increases the pH of the packaging system, which is detected by the indicator, resulting in a visible color
shift in the indicator (Pacquit et al. 2006; Ma et al. 2021). Smart packaging allows easier monitoring of
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packed products during transportation and storage (Dobrucka dan Cierpiszewski, 2014). Moreover, it
provides a more accurate estimate of product condition than conventional expiration labels (Pacquit,
Crowley & Diamond 2008). Color-based pH indicator solutions are widely used as smart indicators. Dirpan
et al. (2018) developed bromophenol blue as a smart indicator dye for mangoes. Hidayat et al. (2019)
used two types of color indicators with predetermined concentrations, namely, phenol red and
bromothymol blue, to assess the freshness of meat packaging. Smart packaging indicators based on
natural pigments are being developed, such as smart packaging films that include anthocyanin-loaded
Lycium ruthenicum nanocomplexes in starch/polyvinyl alcohol mixtures (PVA) (Qin et al. 2021), as well as
anthocyanins from saffron petals immobilized in chitosan nanofibers and methyl cellulose matrix
(Alizadeh-Sani et al. 2021).

Active packaging refers to the integration of particular additives into a packaging system for the
purpose of extending the shelf life, preserving the quality, and ensuring the safety of food products.
Antimicrobial agents are used as components of active packaging additives to extend product shelf life.
The volatile bioactive compounds in active packaging evaporate or diffuse onto the food surface, where
they limit the growth of pathogenic microbes and thus delay spoilage (Yildirim et al. 2018; Wrona et al.
2021). This strategy is more effective than coating bioactive compounds onto the food surface (Iriani
2014). The safest, cheapest, and most readily available antimicrobial agents for use in active packaging
are essential oils. Pranoto et al. (2005) produced antimicrobial alginate edible films by incorporating the
essential oils of garlic. They reported that these films substantially inhibited the growth of Staphylococcus
aureus and Bacillus cereus in meat. Priya, Vinitha, and Sundaram (2021) utilized the essential oils of
Plectranthus amboinicus in a chitosan-based active packaging to restrict antimicrobial activity. Smart and
active packaging can be merged into a single packaging system. Julyaningsih, Latief, and Dirpan (2020)
combined a smart packaging system based on methyl red—bromothymol blue (BTB) indicator with an
active packaging system based on lemongrass oil as a component of tuna fish fillet packaging. Yao et al.
(2021) developed an active and smart packaging system based on starch, PVA, and betacyanins from
various types of plants for shrimp packaging.

In general, an active packaging that contains antimicrobial agents and a smart packaging that contains
indicator solutions are immobilized in a polymer. Compared with plant cellulose or synthetic polymers,
the bacterial cellulose fermented by Acetobacter xylinum has a unique nanofibrillar structure and superior
physical properties, suggesting that it has the potential to serve as a basis for developing a smart and
active packaging system (Cazén & Vazquez 2021; Xu et al. 2021). Bacterial cellulose has received interest
as a component of active packaging owing to its edibility, biodegradability, high water-holding capacity,
and great potential as an antimicrobial agent carrier (Nguyen, Gidley & Dykes 2008).

The development of packaging systems with additional functions is advancing. To promote this
innovation, this study aimed to maximize the potential of smart and active packaging by combining them
into a single packaging system based on a bacterial cellulose membrane biopolymer to enhance the quality
of packaged meat and help consumers to determine meat freshness easily.

2. Method and Materials

2.1. Materials

The main ingredients used in the smart and active packaging system developed herein were the bacterial
cellulose produced by A. xylinum, which was fermented in natural media of coconut water. Beef tenderloin



was obtained from a slaughterhouse in Tamangapa Raya. Coconut water and garlic (Allium sativum) were
purchased from a local market. [Food-grade ammonium sulfate (CAS Number: 7783-20-2), yeast extract
(Merck, CAS Number: 8013-01-2), 96% acetic acid, A. xylinum culture, 5% 1 N NaOH, sucrose, BTB, alcohol,
aquabides, aquades, Tashiro’s indicator (0.1% methyl red and 0.1% BTB at a ratio of 2:1), 7%
trichloroacetic acid (TCA, Merck), nutrient Agar (NA, Merck), glycerol (Merck, CAS Number: 56-81-5), food-
grade carboxymethyIPpeIIquse (CMC) (Foodchem, E466), and corn starch were used.[ 777777777777777777777777777777777777777777777
2.2. Method

2.2.1. Determination of the best nitrogen source from A. xylinum fermentation media

The production of A. xylinum bacterial cellulose membranes was started by determining the amount and
type of the most suitable nitrogen source from A. xylinum growth media following the method of a
previous study (Dirpan et al. 2019).

2.2.2. Purification of bacterial cellulose

Bacterial cellulose was removed from the fermentation medium, rinsed in running water, and then soaked
for 2 days with periodic water changes. The cellulose was also soaked in 70% alcohol for 1 min, heated to
100 °C in distilled water for 20 min, and reheated in 1 N 5% NaOH solution at 100 °C for 60 min to remove
the remaining bacterial cells and substrate attached to the cellulose layer. Afterward, the cellulose was
rinsed with running water and soaked in periodically changed water for 24 h until pH reached 7. The
purified cellulose appeared transparent (Dirpan et al. 2019).

2.2.3. Production of smart packaging

2.2.3.1. Preparation of the indicator solution

BTB indicator solution was chosen for this study because a previous work established this solution as the
indicator with the most visually identifiable color change reaction (Dirpan et al. 2019). First, 1% BTB
solution (b/v) was prepared in 95% ethanol. Then, the pH of the BTB solution was decreased to 2.74 by
adding 20% acetic acid. Finally, the BTB solution was stored in a closed container.

2.2.3.2. Production of smart packaging indicator label

The purified cellulose film was kept in a filter cloth for 24 h to decrease its water content. Half-dried
cellulose was cut into 1.5 cm x 4 cm strips and pushed flat against the surface of a Pyrex glass. The cellulose
was dried for 30 min at 70 °C. The BTB indicator solution was then absorbed into a dry cellulose via
centrifugation at 3000 rpm for 15 min. When the color indicator was successfully absorbed, the BTB
indicator solution imparted an orange hue to the cellulose. Afterward, the cellulose was rinsed with
distilled water to eliminate any unbound color indicators and then dried (Kuswandi and Maryska, 2013;
Shukla et al. 2015).

2.2.4. Production of active packaging film

2.2.4.1. Production of garlic extract as active element
First, 500 g garlic was peeled, washed under running water until clean, drained, and then mashed.
The, minced garlic was extracted via the maceration method by immersing the finely ground
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garlic in 96% alcohol at a ratio of 1:4 (garlic:alcohol) for 4 days at 3 °C-5 °C and periodically
homogenized using a water bath shaker. Afterward, the extract was filtered using a filter paper
and then concentrated using a rotary evaporator at 50 rpm at 40 °C to obtain a thick extract (Rotty
dan Tjitrosantoso 2015; Shetty et al. 2013).

2.2.4.2. Production of active packaging film

The bacterial cellulose was crushed to form a cellulose slurry, and all pretreatments were performed at
room temperature. A cellulose suspension was prepared using 30% chitosan (w/w), 10% CMC (w/w), and
15% corn starch (w/w) of cellulose dry weight. The suspension was heated at 50 °C for 60 min with a hot
plate stirrer until thoroughly suspended. At the 50th min, 30% glycerol (w/w) was added. Additionally, the
garlic extract was added at quantities of 0% (as the control), 5%, 10%, and 15% (v/v) immediately after
the final heating step. Subsequently, 60 g of the suspension was then placed onto a glass plate and dried
for 48 h at 37 °C. Finally, the suspension was cooled to room temperature, removed from the glass plate,
wrapped in aluminum foil, and placed in a desiccator (Indrarti et al. 2016; Iriani 2014).

2.2.5. Application of the smart and active packaging indicators to fresh beef

Fresh beef tenderloin was collected from a slaughterhouse in Tamangapa Raya Makassar 1 h after the cow
was slaughtered. It was immediately placed in a special food box and put into a 38 cm x 29 cm x 30 cm
Styrofoam box filled with ice crystals. The samples were promptly transported to the laboratory and
processed into 200 g/pack pieces under sterile conditions. The meat was packaged in a Styrofoam tray
(1.05 g/cm?) coated with the active packaging film on a Styrofoam base, and a smart packaging indicator
label was attached to the LDPE plastic wrap film that covered the Styrofoam container. The samples were
maintained at room temperature (28+2 °C) with normal light exposure for 24 h.
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Figure 1. (a) Design of the smart and active packaging system and its (b) application to fresh meat.



2.2.6. Observation parameters

2.2.6.1. Measurement of the color of the kmart packaging indicatoﬂ

The color of the smart packaging indicators was quantitatively determined using a chromameter digital
color meter (T-135). The meat packaged in the smart and active packaging system was placed on a flat
surface with a black background with uniform lighting. The chromameter detector was placed on the
surface of the smart packaging indicator. The start button was pressed until the measurement results
were shown on the display. The measurement results were expressed according to the notation of the
Hunter’s Lab Colorimetric System, which is presented in three values, namely L* (lightness), a* (redness),
and b* (yellowness) (Yam & Papadakis 2004; Nurmawati 2011). The color of the smart packaging indicator
was determined by calculating the °Hue value by using the formula below:

_1b
°Hue = tan 1j, ‘
where °Hue represents the parameters for color range, a is a red-green mixed color, and b is a [red-
green mixed color yeIIow-que\.

2.2.6.2. Antimicrobial activity of the active packaging films

The antimicrobial activity of the active packaging films was determined via the agar diffusion method.
Each active packaging film was cut into 5 mm circles in a sterile environment and then placed on NA agar
media with 0.1 ml of the test microorganism culture (Staphylococcus aureus) containing 10° CFU/ml. Petri
dishes were incubated for 24 h at 37 °C. After incubation, the inhibitory zone was measured using a caliper
(Padgett et al. 1998).

2.2.6.3. Determination of pH of the beef samples

The pH of the beef samples was measured using a pH meter (Oakton pH 510). First, 5 g of crushed meat
was combined with 45 ml of distilled water until the mixture became homogenous. The pH meter’s
electrode was then immersed in the beef suspension until the pH value on the monitor became constant.

2.2.6.4. Measurement of TVBN

First, 30 ml of 7% TCA solution was added to a meat sample (10+0.1 g) and mixed before filtering. The, 1
ml boric acid solution was placed in the “inner chamber” of the Conway dish. The lid of the cup was placed
in such a way that it almost covered the cup. The filtrate was placed into the left outer chamber of the
Conway dish. Afterward, 1 ml saturated K,COj3 solution was put into the right outer chamber to avoid
mixing the filtrate with K,COs. The cup was closed and rotated to mix the two liquids in the outer chamber.
The blank solution was prepared following the same process but with 7% TCA instead of the filtrate. The
solutions were stored at 37 °C for 2 h. The boric acid solution with the blank and filtrate samples was then
titrated with 0.01 N HCl until it turned pink. TVBN was calculated as follows (AOAC, 1995):

(Vc-Vb)x N x 14,007 x fpx 100
w

b

TVBN content (mg/100 g)=

where V. is the volume of the HCl solution used in sample titration, Vp is the volume of the HCl

solution used in blank titration, N is the normality of the HCI solution, Wis the sample’s weight (g), 14.07
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is the molecular weight of nitrogen, and Fpis the dilution factor.

2.2.6.5. Total plate count

The total number of microorganisms was determined via the total plate count (TPC) method described in
SNI2332.3: 2015. First, 1 g of the sample was added to a test tube containing 9 ml of physiological solution
until homogeneous (10Ll dilution). The dilution was continued until 107, at which point the diluted sample
was inoculated on NA media in duplicate via the pour plate technique. After the media solidified, the Petri
dishes containing the media and the sample solution were incubated upside down at 30 °C for 48 h.
Afterward, TPC was calculated using the formula below (Badan Standar Nasional, 2015):

_ Y
N= [(Axny)+ (0.1xn,)]x (d) ‘

where N is TPC (CFU/ml), ¥C is the number of colonies counted in all Petri dishes, n, is the number of
colonies counted in all Petri dishes at first dilution, n, is the number of colonies counted in all Petri
dishes at second dilution, and d is the number of colonies counted in all Petri dishes at first dilution.

2.2.6.6. Data analysis

ANOVA was used to analyze the parameters of the smart packaging indicator, antimicrobial activity of the
active packaging films, and quality of the beef samples, including pH, TVBN, and TPC with three
replications. Differences between treatments were determined using Duncan’s test. The correlations
between the changes in the color of the smart packaging indicator and the effects of the active packaging
on all parameters of meat spoilage were explored and presented in graphs by using the Sigma Plot 12
software. Data were analyzed using Microsoft Excel 2019, SPSS 19, and Sigma Plot 12.

3. Results and discussion

3.1. Antimicrobial activity of the active packaging films against S. aureus
The antimicrobial activity of the active packaging films is presented in Figure 2.
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Note: Means followed by different letters imply significant differences at 5% level (P<0.05)

Figure 2. Antimicrobial activity of the active packaging films against S. aureus
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The antimicrobial activity of the active packaging films against S. aureus was assessed by measuring
the diameter of the inhibition zone. As shown in Figure 2, the negative control did not generate an
inhibitory zone. However, when high concentrations of the garlic extract were added to the active
packaging films, the inhibitory activity against the bacteria was high, although the inhibition zone was not
significantly different between 10% and 15% garlic extract. The active packaging films added with garlic
extract exhibited antimicrobial activity against the Gram-positive bacteria S. aureus, but the activity could
be considered weak because the diameter of the inhibition zone was less than 5 mm (Figure 2) (Morales
et al., 2003). Differences in the diameter of inhibitory zones are influenced by the ability and rate of
diffusion of antimicrobial compounds in the medium, the growth rate of microorganisms and their
sensitivity to antimicrobial chemicals, and the viscosity and thickness of the medium.

The antibacterial effects of garlic extract are due to allicin, which is generated when garlic is
damaged. When the flesh of garlic is damaged during the refining process, allicin is rapidly generated
because of the release of alliinase, which reacts with nonprotein amino acids, namely, alliin. Allicin is a
part of the defense mechanism of garlic that exerts antimicrobial effects on both Gram-positive and Gram-
negative bacteria by inhibiting RNA and lipid syntheses, which in turn inhibit the production of amino acids
and proteins and the phospholipid bilayer of bacterial cell wall, thereby preventing bacterial growth and
development. Allicin is highly permeable and can easily penetrate bacterial cells across the cell
membrane. The thiosulfinate S(=0)S group in allicin then binds to the sulfhydryl groups of bacteria, thus
inhibiting the activation mechanism of bacterial proteinases (Dwivedi et al. 2019; Reiter et al. 2020). This
study demonstrated that 10%—15% garlic extract has comparable antibacterial effects.

3.2.pH of the beef samples

The pH of the beef samples was measured to investigate the effects of the active packaging films as the
meat base in the packaging system. The beef samples were stored at room temperature for 24 h. The
results of pH measurements are shown in Figure 3.
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The initial pH of the meat samples, which was immediately determined after the cow was
slaughtered, was normal (6.57) (Figure 3). The pH fluctuated during the storage period. At the 4th hour of
the storage period, the pH of the meat ranged from 6.68 to 6.76. At the 6th hour of the storage period,
the pH of the meat ranged from 6.59 to 6.72. The normal pH of meat ranges from 5.4 to 5.8 at 6 h
postmortem (Weglarz 2010; Susanto 2014; Soeparno 2015). In this study, the beef samples had a pH value
that could be classified as quite high compared with that reported in previous studies. This result could
be presumably attributed to the stress and the brief rest period that the cow experienced before it was
slaughtered. These factors depleted the cow’s glycogen reserves, allowing anaerobic glycolysis to occur
quickly after it was slaughtered and depleting the lactic acid produced in its tissues. As a result, the pH of
the meat dropped to an unsatisfactory level. Cows are thought to experience fatigue before they are
slaughtered, thereby depleting the supply of ATP. Moreover, the sufficiently high temperature during
slaughter accelerates the depletion of ATP, thus expediting the process of rigor mortis. The acceleration
of rigor mortis causes the pH of the flesh to remain elevated and above normal, as confirmed by Sanchez-
Macias et al. (2019) and Moreno et al. (2020), who reported that each variety of meat has a different
glycogen content; thus, they have different glycolysis rates. The lower the content of glycogen in the meat
is, the slower the glycolysis process will be and the higher the final pH will be. However, the decrease in
pH in muscles can be influenced by internal factors, such as species, muscle type, muscle glycogen



content, and livestock variability, as well as external factors, such as environmental temperature,
additional treatment prior to slaughter, and pre-slaughter stress.

After 20 h of storage, the meat's pH value ranged from 6.75 and 6.85 and remained steady
thereafter; at this point, the meat was classified as decayed (Figure 3). According to Prache, Schreurs, and
Guillier (2021), the meat's pH continues to decline until glycogen is depleted into lactic acid and alkaline
compounds are neutralized because of microbial metabolism, resulting in an increase in pH. If the pH
reaches 6.8 or higher, protein decomposition will occur, resulting in spoilage.

3.3.TVBN of the meat samples

The TVBN values of the meat samples are presented in Figure 4.
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Figure 4. Total volatile basic nitrogen (TVBN) of the packed meat stored at room temperature for 24 h.

At 0 h, all meat samples had TVBN values ranging from 7.23 mgN/100 g to 8.35 mgN/100 g (Figure 4).
Therefore, they were classified as fresh meat. After 12 h of storage, the meat samples that had not been
treated with the active packaging films had a TVBN value of 20.67 mg N/100g, indicating that they were
rotten. By comparison, the meat samples treated with the active packaging films and added with 5%, 10%,
and 15% garlic extract had TVBN values of ]16.19, 17.31, and 16.61 mgN/100 gL respectively. Thus, they
were categorized as semi-fresh meat (stale meat) or could still be consumed. However, the TVBN values
of all meat samples taken between the 16th and 24th h of storage exceeded the threshold for food-grade
beef, demonstrating that adding 5%, 10%, and 15% garlic extract to the active packaging films effectively
reduced the amount of TVBN in fresh meat by 21.67%, 16.26%, and 19.64%, respectively, compared with
the meat samples not treated with the active packaging films. Beef or livestock is considered fresh if the
TVBN value is less than 15 mg/100 g (National Standard of the People’s Republic of China 2016) or TVBN
is <10 mg N/100 g (Farber 1965). Moreover, SNI 2354.8:2009 states that the standard levels of TVBN fit
for consumption is 20-30 mg N/100g. These differences in TVBN threshold indicates that it is an
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inconsistent measure of meat freshness. TVBN tests can be performed to examine the quality of beef
products independently.

In this study, the values of TVBN increased throughout the storage period (observed every 4 h),
indicating that the meat's quality continued to deteriorate owing to the breakdown of proteins into
volatile base compounds. The increase in TVBN values was due to the activity of microorganisms that
degraded proteins into simpler molecules, which eventually underwent deamination to generate
ammonia, which contributed to the foul odor of the meat samples, as well as the synthesis of volatile
nitrogen-containing compounds. High temperatures can promote protein degradation, resulting in the
formation of more alkaline components. According to Bekhit et al. (2021), the increase in TVBN value is
due to protein degradation by microorganisms that results in the formation of foul-smelling chemicals,
such as ammonia (NHs), basic skatole and indole compounds, mercaptans and H,S (which are weak acids),
and amines and cadaverin (which are strong bases).

The results demonstrated that the addition of garlic extract to the active packaging films delayed the
spoiling of the meat samples likely because the garlic’s active components prevented microbial
development, thereby lowering the synthesis of nitrogenous base compounds in the meat caused by
bacteria and autolytic enzymes during the rotting process. This conjecture was supported by Al Hakim,
Hartanto, and Nurhrtadi (2016) and Reiter et al. (2020), who reported that garlic extract has the ability to
block microbe-produced enzymes involved in the breakdown of proteins into volatile base chemicals.

3.4.TPC of the microbes in the beef samples
The TPC of bacteria in the meat samples was determined to assess the utility of the active packaging
films (Figure 5).
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Figure 5. Total plate count (TPC) of packed meat stored at room temperature for 24 h.



At 0 h of the storage period, the initial TPC value (Log TPC) of all meat samples was 2.53+0.64 CFU/ml
(Figure 5). Thus, the meat samples were classified as fresh on the basis of microbiological quality.
Throughout the storage period, the TPC value increased until it reached the maximum number of meat
microbes permitted by SNI 3932:2008 on carcass and beef quality, which is 1x10° CFU/ml or equivalent
to Log TPC 6 CFU/ml. At 12 h of storage, the meat samples treated with the active packaging films but
without garlic extract (0%) and those added with 5% garlic extract did not fulfil the microbiological
requirements as they had a Log TPC value of 7.65+0.39 and 6.20+0.00 CFU/ml, respectively. By
comparison, the meat samples treated with the active packaging films and 10% and 15% garlic extract
also did not fulfil the microbiological requirements after 16 h of storage as they has a Log TPC value of
7.4740.26 and 6.78+0.67 CFU/ml, respectively. This result demonstrated that the active packaging films
with 10% and 15% garlic extract in the meat packaging system can inhibit microbial growth and extend
the shelf life of meat by up to 4 h because allicin can inhibit the growth of both Gram-positive and Gram-
negative bacteria by destroying the sulfhydryl group bound to bacterial proteins. This process is important
because the sulfhydryl group is required for bacterial cell division or acts as a specific stimulator for cell
multiplication. Allicin damaged the RNA and DNA of bacteria and thus inhibits their growth and
development in meat. Likewise, Deresse (2010) reported that allicin can suppress the growth of both
Gram-positive and Gram-negative bacteria by completely inhibiting the syntheses of bacterial RNA, DNA,
and proteins.

The total microbial content of the meat samples continued to increase during the entire storage
period (Figure 5) because meat contains a high nutrient and water content, which provides an ideal
environment for microorganism growth. Moreover, storage at room temperature can accelerate the
growth of microorganisms. According to Soeparno (2015), meat has the ideal conditions for
microorganism growth because it contains a high proportion of water (68%-75%), it is rich in nitrogen-
containing substances of varying complexity, it contains various fermentable carbohydrates, it is rich in
minerals and essential nutrients for microorganism growth, and it has a suitable pH for microorganism
growth (pH 5.3-6.5). Variance analysis revealed that the duration of storage of the meat samples and the
use of the active packaging films with garlic extract had a highly significant effect on the TPC value of the
samples (P>0.01).

3.5.Changes in the color of the smart packaging BTB indicator solution as a measure of the freshness of
the meat packaged with the active packaging films
Using fresh beef packaged and maintained at room temperature for 24 h, Dirpan et al. (2019)
determined that BTB solution (pH 2.75) produces the most readily visible color changes to sensitivity tests.
In this study, the BTB solution (pH 2.75), as the smart packaging indicator, was also utilized to evaluate
changes in its color as a reflection of the freshness of the meat samples packed with the active packaging
films (Figure 6).
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Figure 6. Changes in the color of the BTB solution (pH 2.75) as the smart packaging indicator reflecting
the freshness of the meat samples packed with the active packaging films with 0% (a), 5% (b), 10% (c),
and 15% (d) of garlic extract.

During the entire storage period, the smart packaging indicator changed its color three times that
corresponded to three phases of the meat samples’ level of quality (Figure 6). In phase |, its color was
orange, indicating that the meat samples were still fresh. In phase I, its color was green with an orange
hue, suggesting that the meat samples should be consumed immediately. In phase Il its color was dark
green, denoting that the meat samples were already spoiled. The change in the indicator's color from
orange to green indicated that the quality of the meat samples had deteriorated. The changes in the
indicator's color were due to the interactions of alkaline volatile compounds produced by enzyme activity,
and the metabolism of the microorganisms present in the meat samples increased with storage time. The
early sign of spoilage was indicated by the release of volatile alkaline compounds as the microorganisms
and the enzymes degraded the nutritional content of the meat samples. These compounds gradually
accumulated in the packaging system, causing an increase in pH, which was detected by the smart
packaging indicator and displayed as gradual color changes. The change in color of the smart packaging
indicator (BTB, pH 2.75) from orange to green was induced by deprotonation or the release of a proton
from the smart packaging indicator dye (De Meyer et al. 2014).

The meat samples packaged with the active packaging films but with no (0%) and 5% garlic extract
were still fresh from the start of the storage up to 8 h (Figure 6). However, they must be immediately
consumed from the 8th h to the 12th h of the storage period. Thereafter (12-24 h of the storage period),
they were already spoiled. This results was consistent with that of TPC tests, which showed that the TPC
values were above the acceptable threshold for microbial contaminants (1x10° or equivalent to 6 CFU/ml)
in meat after 12 h. By comparison, the meat samples packaged with the active packaging films containing
10% and 15% garlic extract were still considered fresh from the start of the storage period up to the 12th
h. They must be immediately consumed when they had been in storage for 12-16 h. Finally, they were
considered rotten when they had been in storage for 16-24 h. This result was also consistent with that of
TPC tests (Figure 5), which indicated that at the 16th hour, the TPC value surpassed the permissible level
of microbiological contamination in beef. Statistical analysis revealed that storage duration had a very
#ignificant \effect on the Hue value, the indicator of color change in the smart packaging. The changes in
the color of the smart packaging indicator (BTB solution, pH 2.75) when used together with the active
packaging films to reflect the freshness of meat are presented in Table 1.

Table 1. Changes in the color of the smart packaging indicator (BTB solution, pH 2.75) when used together
with the active packaging films to reflect the freshness of meat.

Storage Active Packaging Films Added with Garlic Extract

Time

0% 5% 10% 15%
(Hour)

Commented [1994713]: In scientific, technical, and medical
fields, significant/significance/significantly should only be
used when referring to a statistical threshold and with a p
value. In the absence of a p value, use an alternative word.
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3.6.Correlations between changes in the color of the smart packaging indicator and the effects of the
active packaging films on the parameters of meat freshness

The correlations between changes in the color of the smart packaging indicator and parameters of meat

quality deterioration (pH, TVBN, and TPC) were explored to ascertain the relationship between the

sensitivity of the smart packaging indicator to meat freshness and the effectiveness of the active

packaging films in slowing the process of meat spoilage.
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Figure 7. Correlations between changes in the color of the smart packaging indicator and the effects of
the active packaging films with 0% (a), 5% (b), 10% (c), and 15% (d) garlic extract on the parameters of
quality deterioration of meat stored for 24 h.

The TPC and TVBN values of the meat samples treated with the active packaging films but without
garlic extract increased, which was reflected by the change in the color of the smart packaging indicator
(Figure 7). The pH of the meat samples fluctuated not only because of the production of volatile base
compounds due to the activity of microorganisms in the samples during the storage period but also
because of various factors, such as the contents of glycogen and lactic acid in the livestock prior to and
after the slaughter. The meat samples treated with the active packaging films but without garlic extract
and those treated with 5% garlic extract were rotten and unfit for consumption after 12 h of storage as
their Log TPC value was 7.65£0.39 and 6.20+0.00 CFU/mL, respectively, and their TVBN value was
20.67+2.68 and 16.19+0.28 mgN/100g, respectively (Figure 7). By comparison, the meat samples treated
with the active packaging films and 10% and 15% garlic extract were rotten and unfit for consumption
after 16 h of storage as their Log TPC value was 7.47+0.26 and 6.78+0.67 CFU/mL, respectively, and their
TVBN value was 26.41£3.31 and 25.43+4.89 mgN/100 g, respectively.



The TPC values indicated the same level of quality deterioration as the TVBN values and reflected
the changes in the color of the smart packaging indicator of the freshness of the meat samples treated
with the active packaging films without (0%) and with 5% garlic extract; these samples were deemed
rotten after 12 h of storage (Figure 7). The color of the indicator changed from orange (fresh) with a color
value of 19.6°Hue and 19.2°Hue to green (rotten) with a color value of 96.2°Hue and 95.6°Hue
respectively. By comparison, the meat samples treated with the active packaging films and added with
10% and 15% garlic extract were deemed rotten after 16 h of storage; the color of the indicator changed
from orange (fresh) with color values of 18.2°Hue and 19.6°Hue, respectively, to green (rotten) with color
values of 98.2°Hue and 99°Hue, respectively. Wiryawan (2005) observed that when garlic extract was
added to the active packaging, the values of TPC and TVBN and the pH of the meat increased more slowly,
as did the color of the smart packaging indicator, compared with those of the meat without the active
packaging.

The increase in the values of TPC, TVBN, and pH of meat is strongly influenced by its high nutrient
and water content, which is conducive to microbial contamination. Moreover, storing meat at room
temperature accelerates bacterial growth. In general, an increase in the number of microorganisms is
followed by an increase in the production of the volatile base chemical called TVBN. More volatile base
compounds are released when more microorganisms are present and active, as indicated by the increase
in TVBN value, which also has an effect on the meat’s pH value. Furthermore, the increase in the values
of TPC, TVBN, and pH linearly correlates with the increase in Hue value and color changes of the smart
packaging indicator because the accumulated volatile base compounds raise the pH value of the packaging
system, causing the smart packaging indicator to experience a color shift. This explanation was in
agreement with that of Pacquit et al. (2006), who applied active packaging films to cod fish. They stated
that the increase in the TPC value of cod fish has a linear correlation with changes in the color of the
cellulose-acetate packaging film sensor.

4. Conclusion

As a smart packaging indicator, the BTB solution (pH 2.75) produce color changes that are easy to observe
and reflect three phases of meat quality deterioration. In phase |, its color was orange, indicating that the
meat was still fresh. In phase Il, its color was green with an orange hue, suggesting that the meat must be
consumed immediately. In phase Ill, its color was dark green, denoting that the meat was already rotten
and unfit for consumption. The meat samples treated with the active packaging films and added with 10%
and 15% garlic extract rotted after 16 h, whereas the meat samples treated with the active packaging films
and added with 0% and 5% garlic extract rotted after only 12 h. The changes in the color of the BTB
solution was linearly and positively associated with the values of TPC, TVBN, and pH of the meat samples
packaged with the active packaging films.
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Abstract: Combining smart and active packaging serves the dual purpose of detecting color changes
in food that reflect changes in its quality and prolonging its shelf life. This study developed a smart
and active packaging system made from the cellulose of Acetobacter xylinum and assessed its abil-
ity to detect changes in the quality of packaged fresh beef. The properties of the smart packaging’s
sensor and active packaging films were determined. The application of this system to fresh beef
stored at room temperature (28+2 °C) for 24 h was tested. The color of the bromothymol blue (BTB)
solution (pH 2.75) in the indicator of the smart packaging system changed from orange to dark green
to indicate that beef quality changed from fresh to rotten. The meat treated with the active packaging
with 10% and 15% garlic extract decayed on the 16th h. By contrast, the meat treated with the active
packaging but without the garlic extracts rotted on the 12th h. The shift in the indicator’s color was
linearly related to the total plate count (TPC), total volatile basic nitrogen (TVBN) , and pH of the
meat packaged using the active packaging system. Therefore, BTB solution (pH 2.75) can be used as
a smart packaging indicator that will allow consumers to assess the quality of packaged meat easily.
As an antimicrobial agent, the addition of 10%—-15% garlic extract to the active packaging films can
help delay the spoilage of packaged meat.

Keywords: Smart Sensor; Smart packaging; active packaging; Bacterial Cellulose; Meat

1. Introduction

Global beef consumption is predicted to rise as the world population and family in-
come increase, particularly in developing Asian countries [1-3]. By 2030, worldwide meat
consumption and availability are expected to increase by 14% and 5.9%, respectively, over
the average of the 2018-2020 period [3]. Thus, the expected increase in meat consumption
must be complemented by improvements in the quality of fresh meat produced. One as-
pect affecting the quality and characteristics of meat is the material and packaging tech-
nologies used [4]. Meat is a perishable item that rapidly spoils when stored above the
optimum temperature range (below 040 °F) [5,6]. However, in traditional markets, meat
is displayed at room temperature without packaging, a practice that might accelerate mi-
crobial contamination and cause rapid quality degradation. Even in supermarkets where
meat is maintained in cold temperatures, standard meat packaging still prevent consum-
ers from subjectively determining the quality of meat. Thus, meat packaging must have
additional functions that will prevent quality degradation due to microbial contamination
and will help consumers to determine the quality of packaged meat easily [7]. Conven-
tional meat packaging can be designed to perform dual functions through smart and ac-
tive packaging systems.

Smart packaging is a term that refers to sensors in the form of indicators that monitor
and provide information on the quality of the food contained within the packaging via
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color changes caused by chemical reactions between the indicators and the products of
microbial metabolism or changes in the chemical composition of the food [8,9]. During
storage, the chemical components of meat degrade into volatile compounds because of
microbial activity, thereby increasing the value of total volatile base nitrogen (TVBN)
[10,11]. Accumulation of TVBN increases the pH of the packaging system, which is de-
tected by the indicator, resulting in a visible color shift in the indicator [11,12]. Smart pack-
aging allows easier monitoring of packed products during transportation and storage [7].
Moreover, it provides a more accurate estimate of product condition than conventional
expiration labels [12]. Color-based pH indicator solutions are widely used as smart indi-
cators. Dirpan et al. [13] developed bromophenol blue as a smart indicator dye for man-
goes. Hidayat et al. [14] used two types of color indicators with predetermined concentra-
tions, namely, phenol red and bromothymol blue, to assess the freshness of meat packag-
ing. Smart packaging indicators based on natural pigments are being developed, such as
smart packaging films that include anthocyanin-loaded Lycium ruthenicum nanocom-
plexes in starch/polyvinyl alcohol mixtures (PVA) [15], as well as anthocyanins from saf-
fron petals immobilized in chitosan nanofibers and methyl cellulose matrix [16].

Active packaging refers to the integration of particular additives into a packaging
system for the purpose of extending the shelf life, preserving the quality, and ensuring
the safety of food products. Antimicrobial agents are used as components of active pack-
aging additives to extend product shelf life. The volatile bioactive compounds in active
packaging evaporate or diffuse onto the food surface, where they limit the growth of path-
ogenic microbes and thus delay spoilage [17,18]. This strategy is more effective than coat-
ing bioactive compounds onto the food surface [19]. The safest, cheapest, and most readily
available antimicrobial agents for use in active packaging are essential oils. Pranoto et al.
[20] produced antimicrobial alginate edible films by incorporating the essential oils of gar-
lic. They reported that these films substantially inhibited the growth of Staphylococcus
aureus and Bacillus cereus in meat. Vishnu et al. [21] utilized the essential oils of Plectran-
thus amboinicus in a chitosan-based active packaging to restrict antimicrobial activity.
Smart and active packaging can be merged into a single packaging system. Julyaningsih
et al. [22] combined a smart packaging system based on methyl red—bromothymol blue
(BTB) indicator with an active packaging system based on lemongrass oil as a component
of tuna fish fillet packaging. Yao et al. [23] developed an active and smart packaging sys-
tem based on starch, PVA, and betacyanins from various types of plants for shrimp pack-
aging.

In general, an active packaging that contains antimicrobial agents and a smart pack-
aging that contains indicator solutions are immobilized in a polymer. Compared with
plant cellulose or synthetic polymers, the bacterial cellulose fermented by Acetobacter xy-
linum has a unique nanofibrillar structure and superior physical properties, suggesting
that it has the potential to serve as a basis for developing a smart and active packaging
system [24,25]. Bacterial cellulose has received interest as a component of active packaging
owing to its edibility, biodegradability, high water-holding capacity, and great potential
as an antimicrobial agent carrier [26].

The development of packaging systems with additional functions is advancing. To
promote this innovation, this study aimed to maximize the potential of smart and active
packaging by combining them into a single packaging system based on a bacterial cellu-
lose membrane biopolymer to enhance the quality of packaged meat and help consumers
to determine meat freshness easily.

2. Materials and Methods
2.1. Materials

The main ingredients used in the smart and active packaging system developed
herein were the bacterial cellulose produced by A. xylinum, which was fermented in nat-
ural media of coconut water. Beef tenderloin was obtained from a slaughterhouse in
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Tamangapa Raya. Coconut water and garlic (Allium sativum) were purchased from alo- 97
cal market. Food-grade ammonium sulfate (CAS Number: 7783-20-2), yeast extract 98
(Merck, CAS Number: 8013-01-2), 96% acetic acid (Brenntag Inc, CAS No: 64-19-7), A. xy- 99
linum culture, 5% 1 N NaOH (Brenntag Inc, CAS No: 1310-73-2), sucrose, Bromothymol 100
blue (BTB, Merck, CAS No: 76-59-5), alcohol, aquabides, aquades, Tashiro’s indicator 101
(0.1% methyl red and 0.1% BTB at a ratio of 2:1), 7% trichloroacetic acid (TCA, Merck), 102
nutrient Agar (NA, Merck), glycerol (Merck, CAS No: 56-81-5), food-grade carboxyme- 103

thyl-cellulose (CMC) (Foodchem, E466), and corn starch were used. 104
2.2. Methods 105
2.2.1. Determination of the best nitrogen source from A. xylinum fermentation media 106

The production of A. xylinum bacterial cellulose membranes was started by determining 107
the amount and type of the most suitable nitrogen source from A. xylinum growth media 108

following the method of a previous study [7]. 109
110
2.2.2. Purification of bacterial cellulose 111

Bacterial cellulose was removed from the fermentation medium, rinsed in running water, 112
and then soaked for 2 days with periodic water changes. The cellulose was also soaked in 113
70% alcohol for 1 min, heated to 100 °C in distilled water for 20 min, and reheated in 1 N 114
5% NaOH solution at 100 °C for 60 min to remove the remaining bacterial cells and sub- 115
strate attached to the cellulose layer. Afterward, the cellulose was rinsed with running 116
water and soaked in periodically changed water for 24 h until pH reached 7. The purified 117

cellulose appeared transparent [7]. 118
2.2.3. Production of smart packaging 119
2.2.3.1. Preparation of the indicator solution 120

BTB indicator solution was chosen for this study because a previous work established this 121
solution as the indicator with the most visually identifiable color change reaction [7]. First, 122
1% BTB solution (b/v) was prepared in 95% ethanol. Then, the pH of the BTB solution was 123
decreased to 2.74 by adding 20% acetic acid. Finally, the BTB solution was stored in a 124
closed container. 125

2.2.3.2. Production of smart packaging indicator label 126
The purified cellulose film was kept in a filter cloth for 24 h to decrease its water content. 127
Half-dried cellulose was cut into 1.5 cm x 4 cm strips and pushed flat against the surface 128
of a Pyrex glass. The cellulose was dried for 30 min at 70 °C. The BTB indicator solution 129
was then absorbed into a dry cellulose via centrifugation at 3000 rpm for 15 min. When 130
the color indicator was successfully absorbed, the BTB indicator solution imparted an or- 131
ange hue to the cellulose. Afterward, the cellulose was rinsed with distilled water to elim- 132

inate any unbound color indicators and then dried [27,28]. 133
2.2.4. Production of active packaging film 134
2.2.4.1. Production of garlic extract as active element 135

First, 500 g garlic was peeled, washed under running water until clean, drained, and then 136
mashed. The, minced garlic was extracted via the maceration method by immersing the 137
finely ground garlic in 96% alcohol at a ratio of 1:4 (garlic:alcohol) for 4 days at 3 °C-5°C 138
and periodically homogenized using a water bath shaker. Afterward, the extract was fil- 139
tered using a filter paper and then concentrated using a rotary evaporator at 50 rpm at 40 140
°C to obtain a thick extract, modified [29]. 141

2.2.4.2. Production of active packaging film 142
The bacterial cellulose was crushed to form a cellulose slurry, and all pretreatments were 143
performed at room temperature. A cellulose suspension was prepared using 30% chitosan 144
(w/w), 10% CMC (w/w), and 15% corn starch (w/w) of cellulose dry weight. The 145
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suspension was heated at 50 °C for 60 min with a hot plate stirrer until thoroughly sus- 146
pended. At the 50th min, 30% glycerol (w/w) was added. Additionally, the garlic extract 147
was added at quantities of 0% (as the control), 5%, 10%, and 15% (v/v) immediately after 148
the final heating step. Subsequently, 60 g of the suspension was then placed onto a glass 149
plate and dried for 48 h at 37 °C. Finally, the suspension was cooled to room temperature, 150
removed from the glass plate, wrapped in aluminum foil, and placed in a desiccator 151
[19,30]. 152

2.2.5. Application of the smart and active packaging indicators to fresh beef 153

Fresh beef tenderloin was collected from a slaughterhouse in Tamangapa Raya Makassar 154
1 h after the cow was slaughtered. It was immediately placed in a special food box and 155
put into a 38 cm x 29 cm x 30 cm Styrofoam box filled with ice crystals. The samples were 156
promptly transported to the laboratory and processed into 200 g/pack pieces under sterile 157
conditions. The meat was packaged in a Styrofoam tray (1.05 g/cm?) coated with the active 158
packaging film on a Styrofoam base, and a smart packaging indicator label was attached 159
to the LDPE plastic wrap film that covered the Styrofoam container (Figure 1). The sam- 160
ples were maintained at room temperature (28+2 °C) with normal light exposure for 24 h. 161

162
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Figure 1. (a) Design of the smart and active packaging system; (b) and its application to fresh 165
meat. 166
2.2.6. Observation parameters 167
2.2.6.1. Measurement of the color of the smart packaging indicator 168

The color of the smart packaging indicators was quantitatively determined using a chro- 169
mameter digital color meter (T-135). The meat packaged in the smart and active packaging 170
system was placed on a flat surface with a black background with uniform lighting. The 171
chromameter detector was placed on the surface of the smart packaging indicator. The 172
start button was pressed until the measurement results were shown on the display. The 173
measurement results were expressed according to the notation of the Hunter’s Lab Color- 174
imetric System, which is presented in three values, namely L* (lightness), a* (redness), and 175
b* (yellowness) [31]. The color of the smart packaging indicator was determined by calcu- 176
lating the °Hue value by using the formula (1) below: 177

°Hue = tan‘lg 1) 178

where °Hue represents the parameters for color range, a is a red-green mixed color, and b 179
is a red-green mixed color yellow-blue. 180

2.2.6.2. Antimicrobial activity of the active packaging films 181
The antimicrobial activity of the active packaging films was determined via the agar dif- 182
fusion method. Each active packaging film was cut into 5 mm circles in a sterile environ- 183
ment and then placed on NA agar media with 0.1 ml of the test microorganism culture 184
(Staphylococcus aureus) containing 106 CFU/ml. Petri dishes were incubated for 24 hat 185
37 °C. After incubation, the inhibitory zone was measured using a caliper [32]. 186
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2.2.6.3. Determination of pH of the beef samples 187
The pH of the beef samples was measured using a pH meter (Oakton pH 510). First, 5g 188
of crushed meat was combined with 45 ml of distilled water until the mixture became 189
homogenous. The pH meter’s electrode was then immersed in the beef suspension until 190
the pH value on the monitor became constant. 191

2.2.6.4. Measurement of TVBN 192
First, 30 ml of 7% TCA solution was added to a meat sample (10+0.1 g) and mixed before 193
filtering. The, 1 ml boric acid solution was placed in the “inner chamber” of the Conway 194
dish. The lid of the cup was placed in such a way that it almost covered the cup. The 195
filtrate was placed into the left outer chamber of the Conway dish. Afterward, 1 ml satu- 196
rated K2CO3 solution was put into the right outer chamber to avoid mixing the filtrate 197
with K2CO3. The cup was closed and rotated to mix the two liquids in the outer chamber. 198
The blank solution was prepared following the same process but with 7% TCA instead of 199
the filtrate. The solutions were stored at 37 °C for 2 h. The boric acid solution with the 200
blank and filtrate samples was then titrated with 0.01 N HCl until it turned pink. TVBN 201

was calculated by formula (2) as follows [33]: 202
203
TVBN content (%) = Wevb)x 14":;07 X fpx100 (2) 204

where Vc is the volume of the HCl solution used in sample titration, Vb is the volume of 205
the HCI solution used in blank titration, N is the normality of the HCI solution, Wis the 206
sample’s weight (g), 14.07 is the molecular weight of nitrogen, and Fpis the dilution factor. 207

2.2.6.5. Total plate count 208
The total number of microorganisms was determined via the total plate count (TPC) 209
method described in SNI 2332.3: 2015. First, 1 g of the sample was added to a test tube 210
containing 9 ml of physiological solution until homogeneous (10! dilution). The dilution 211
was continued until 106, at which point the diluted sample was inoculated on NA media 212
in duplicate via the pour plate technique. After the media solidified, the Petri dishes con- 213
taining the media and the sample solution were incubated upside down at 30 °C for 48 h. 214
Afterward, TPC was calculated using the formula (3) below [34]: 215

_ >C
N = [(1x19)+ (0.1X7n3)]x (d) (3) 216
where N is TPC (CFU/ml), }'C is the number of colonies counted in all Petri dishes, ni1is 217
the number of colonies counted in all Petri dishes at first dilution, n2 is the number of 218
colonies counted in all Petri dishes at second dilution, and d is the number of colonies 219
counted in all Petri dishes at first dilution. 220

2.2.6.6. Data analysis 221

ANOVA was used to analyze the parameters of the smart packaging indicator, antimicro- 222
bial activity of the active packaging films, and quality of the beef samples, including pH, 223
TVBN, and TPC with three replications. Differences between treatments were determined =~ 224
using Duncan’s test. The correlations between the changes in the color of the smart pack- 225
aging indicator and the effects of the active packaging on all parameters of meat spoilage 226
were explored and presented in graphs by using the Sigma Plot 12 software. Data were 227

analyzed using Microsoft Excel 2019, SPSS 19, and Sigma Plot 12. 228
3. Results and Discussion 229
3.1. Antimicrobial activity of the active packaging films against Staphylococcus aureus 230

The antimicrobial activity of the active packaging films is presented in Figure 2. 231
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Figure 2. Antimicrobial activity of the active packaging films against S. aureus. 234
235

The antimicrobial activity of the active packaging films against S. aureus was assessed 236
by measuring the diameter of the inhibition zone. As shown in Figure 2, the negative con- 237
trol did not generate an inhibitory zone. However, when high concentrations of the gar- 238
lic extract were added to the active packaging films, the inhibitory activity against the 239
bacteria was high, although the inhibition zone was not significantly different between 240
10% and 15% garlic extract. The active packaging films added with garlic extract exhibited 241
antimicrobial activity against the Gram-positive bacteria S. aureus, but the activity could 242
be considered weak because the diameter of the inhibition zone was less than 5 mm (Fig- 243
ure 2) [35]. Differences in the diameter of inhibitory zones are influenced by the ability 244
and rate of diffusion of antimicrobial compounds in the medium, the growth rate of mi- 245
croorganisms and their sensitivity to antimicrobial chemicals, and the viscosity and thick- 246
ness of the medium. 247

The antibacterial effects of garlic extract are due to allicin, which is generated when 248
garlic is damaged. When the flesh of garlic is damaged during the refining process, allicin 249
is rapidly generated because of the release of alliinase, which reacts with nonprotein 250
amino acids, namely, alliin. Allicin is a part of the defense mechanism of garlic that exerts 251
antimicrobial effects on both Gram-positive and Gram-negative bacteria by inhibiting 252
RNA and lipid syntheses, which in turn inhibit the production of amino acids and proteins 253
and the phospholipid bilayer of bacterial cell wall, thereby preventing bacterial growth 254
and development. Allicin is highly permeable and can easily penetrate bacterial cells 255
across the cell membrane. The thiosulfinate S(=0)S group in allicin then binds to the 256
sulfhydryl groups of bacteria, thus inhibiting the activation mechanism of bacterial pro- 257
teinases [36,37]. This study demonstrated that 10%—-15% garlic extract has comparable an- 258
tibacterial effects 259

3.2. pH of the beef samples 260

The pH of the beef samples was measured to investigate the effects of the active pack- 261
aging films as the meat base in the packaging system. The beef samples were stored at 262
room temperature for 24 h. The results of pH measurements are shown in Figure 3. 263

264
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Figure 3. pH values of packaged meat sample stored at room temperature for 24 h. 266
267

The initial pH of the meat samples, which was immediately determined after the cow 268
was slaughtered, was normal (6.57) (Figure 3). The pH fluctuated during the storage pe- 269
riod. At the 4th hour of the storage period, the pH of the meat ranged from 6.68 to 6.76. 270
At the 6th hour of the storage period, the pH of the meat ranged from 6.59 to 6.72. The 271
normal pH of meat ranges from 5.4 to 5.8 at 6 h postmortem [38—40]. In this study, the beef 272
samples had a pH value that could be classified as quite high compared with that reported 273
in previous studies. This result could be presumably attributed to the stress and the brief 274
rest period that the cow experienced before it was slaughtered. These factors depleted the 275
cow’s glycogen reserves, allowing anaerobic glycolysis to occur quickly after it was 276
slaughtered and depleting the lactic acid produced in its tissues. As a result, the pH of the 277
meat dropped to an unsatisfactory level. Cows are thought to experience fatigue before 278
they are slaughtered, thereby depleting the supply of ATP. Moreover, the sufficiently high 279
temperature during slaughter accelerates the depletion of ATP, thus expediting the pro- 280
cess of rigor mortis. The acceleration of rigor mortis causes the pH of the flesh to remain 281
elevated and above normal, as confirmed by Sanchez-Macias et al. [41] and Moreno et al. 282
[42], who reported that each variety of meat has a different glycogen content; thus, they 283
have different glycolysis rates. The lower the content of glycogen in the meat is, the slower 284
the glycolysis process will be and the higher the final pH will be. However, the decrease 285
in pH in muscles can be influenced by internal factors, such as species, muscle type, mus- 286
cle glycogen content, and livestock variability, as well as external factors, such as environ- 287
mental temperature, additional treatment prior to slaughter, and pre-slaughter stress. 288

After 20 h of storage, the meat's pH value ranged from 6.75 and 6.85 and remained 289
steady thereafter; at this point, the meat was classified as decayed (Figure 3). According 290
to Prache et al. [43], the meat's pH continues to decline until glycogen is depleted into 291
lactic acid and alkaline compounds are neutralized because of microbial metabolism, re- 292
sulting in an increase in pH. If the pH reaches 6.8 or higher, protein decomposition will 293

occur, resulting in spoilage 294
3.3. TVBN of the meat samples 295
The TVBN values of the meat samples are presented in Figure 4. 296

297

298
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Figure 4. Total volatile basic nitrogen (TVBN) of the packed meat stored at room temperature for 24 300

h. 301

At 0 h, all meat samples had TVBN values ranging from 7.23 mgN/100 g to 8.35 302
mgN/100 g (Figure 4). Therefore, they were classified as fresh meat. After 12 h of storage, 303
the meat samples that had not been treated with the active packaging films had a TVBN 304
value of 20.67 mg N/100g, indicating that they were rotten. By comparison, the meat sam- 305
ples treated with the active packaging films and added with 5%, 10%, and 15% garlic ex- 306
tract had TVBN values of 16.19, 17.31, and 16.61 mgN/100 g, respectively. Thus, they were 307
categorized as semi-fresh meat (stale meat) or could still be consumed. However, the 308
TVBN values of all meat samples taken between the 16th and 24th h of storage exceeded 309
the threshold for food-grade beef, demonstrating that adding 5%, 10%, and 15% garlic 310
extract to the active packaging films effectively reduced the amount of TVBN in fresh meat 311
by 21.67%, 16.26%, and 19.64%, respectively, compared with the meat samples not treated 312
with the active packaging films. Beef or livestock is considered fresh if the TVBN valueis 313
less than 15 mg/100 g [44] or TVBN is <10 mg N/100 g [45]. Moreover, SNI 2354.8:2009 314
by National Standardization Agency of Indonesia (BSN) [46] states that the standard lev- 315
els of TVBN fit for consumption is 20-30 mg N/100g. These differences in TVBN threshold 316
indicates that it is an inconsistent measure of meat freshness. TVBN tests can be performed 317
to examine the quality of beef products independently. 318

In this study, the values of TVBN increased throughout the storage period (observed 319
every 4 h), indicating that the meat's quality continued to deteriorate owing to the break- 320
down of proteins into volatile base compounds. The increase in TVBN values was due to 321
the activity of microorganisms that degraded proteins into simpler molecules, which 322
eventually underwent deamination to generate ammonia, which contributed to the foul 323
odor of the meat samples, as well as the synthesis of volatile nitrogen-containing com- 324
pounds. High temperatures can promote protein degradation, resulting in the formation 325
of more alkaline components. According to Bekhit et al. [10], the increase in TVBN value 326
is due to protein degradation by microorganisms that results in the formation of foul- 327
smelling chemicals, such as ammonia (NHs), basic skatole and indole compounds, mer- 328
captans and H:S (which are weak acids), and amines and cadaverin (which are strong 329
bases). 330

The results demonstrated that the addition of garlic extract to the active packaging 331
films delayed the spoiling of the meat samples likely because the garlic’s active compo- 332
nents prevented microbial development, thereby lowering the synthesis of nitrogenous 333
base compounds in the meat caused by bacteria and autolytic enzymes during the rotting 334
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process. This conjecture was supported by Al Hakim et al. [47] and Reiter et al. [37], who 335
reported that garlic extract has the ability to block microbe-produced enzymes involved 336

in the breakdown of proteins into volatile base chemicals. 337
3.4. TPC of the microbes in the beef samples 338
The TPC of bacteria in the meat samples was determined to assess the utility of the 339
active packaging films (Figure 5). 340
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Figure 5. Total plate count (TPC) of packed meat stored at room temperature for 24 h. 343
344

At 0 h of the storage period, the initial TPC value (Log TPC) of all meat samples was 345
2.53+0.64 CFU/ml (Figure 5). Thus, the meat samples were classified as fresh on the basis 346
of microbiological quality. Throughout the storage period, the TPC value increased until 347
it reached the maximum number of meat microbes permitted by SNI 3932:2008 on carcass 348
and beef quality, which is 1x106 CFU/ml or equivalent to Log TPC 6 CFU/ml. At 12 h of 349
storage, the meat samples treated with the active packaging films but without garlic ex- 350
tract (0%) and those added with 5% garlic extract did not fulfil the microbiological re- 351
quirements as they had a Log TPC value of 7.65+0.39 and 6.20+0.00 CFU/ml, respectively. 352
By comparison, the meat samples treated with the active packaging films and 10% and 353
15% garlic extract also did not fulfil the microbiological requirements after 16 h of storage 354
as they has a Log TPC value of 7.47+0.26 and 6.78+0.67 CFU/mL, respectively. This result 355
demonstrated that the active packaging films with 10% and 15% garlic extract in the meat 356
packaging system can inhibit microbial growth and extend the shelf life of meat by up to 357
4 h because allicin can inhibit the growth of both Gram-positive and Gram-negative bac- 358
teria by destroying the sulfhydryl group bound to bacterial proteins. This process is im- 359
portant because the sulfhydryl group is required for bacterial cell division or acts as a 360
specific stimulator for cell multiplication. Allicin damaged the RNA and DNA of bacteria 361
and thus inhibits their growth and development in meat. Likewise, Deresse [48] reported 362
that allicin can suppress the growth of both Gram-positive and Gram-negative bacteriaby 363
completely inhibiting the syntheses of bacterial RNA, DNA, and proteins. 364

The total microbial content of the meat samples continued to increase during the en- 365
tire storage period (Figure 5) because meat contains a high nutrient and water content, 366
which provides an ideal environment for microorganism growth. Moreover, storage at 367
room temperature can accelerate the growth of microorganisms. According to Soeparno 368
[40], meat has the ideal conditions for microorganism growth because it contains a high 369
proportion of water (68%—75%), it is rich in nitrogen-containing substances of varying 370
complexity, it contains various fermentable carbohydrates, it is rich in minerals and 371
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essential nutrients for microorganism growth, and it has a suitable pH for microorganism
growth (pH 5.3-6.5). Variance analysis revealed that the duration of storage of the meat
samples and the use of the active packaging films with garlic extract had a highly signifi-
cant effect on the TPC value of the samples (P>0.01).

3.5. Changes in the color of the smart packaging BTB indicator solution as a measure of the fresh-
ness of the meat packaged with the active packaging films

Using fresh beef packaged and maintained at room temperature for 24 h, Dirpan et
al. [7] determined that BTB solution (pH 2.75) produces the most readily visible color
changes to sensitivity tests. In this study, the BTB solution (pH 2.75), as the smart packag-
ing indicator, was also utilized to evaluate changes in its color as a reflection of the fresh-
ness of the meat samples packed with the active packaging films (Figure 6).
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Figure 6. Changes in the color of the BTB solution (pH 2.75) as the smart packaging indicator re- 401
flecting the freshness of the meat samples packed with the active packaging films with (a) 0%; (b) 402
5%; (c) 10%; and (d) 15% of garlic extract. 403
404

During the entire storage period, the smart packaging indicator changed its color 405
three times that corresponded to three phases of the meat samples’ level of quality (Figure 406
6). In phase I, its color was orange, indicating that the meat samples were still fresh. In 407
phase II, its color was green with an orange hue, suggesting that the meat samples should 408
be consumed immediately. In phase III, its color was dark green, denoting that the meat 409
samples were already spoiled. The change in the indicator's color from orange to green 410
indicated that the quality of the meat samples had deteriorated. The changes in the indica- 411
tor's color were due to the interactions of alkaline volatile compounds produced by en- 412
zyme activity, and the metabolism of the microorganisms present in the meat samples 413
increased with storage time. The early sign of spoilage was indicated by the release of 414
volatile alkaline compounds as the microorganisms and the enzymes degraded the nutri- 415
tional content of the meat samples. These compounds gradually accumulated in the pack- 416
aging system, causing an increase in pH, which was detected by the smart packaging in- 417
dicator and displayed as gradual color changes. The change in color of the smart 418
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packaging indicator (BTB, pH 2.75) from orange to green was induced by deprotonation
or the release of a proton from the smart packaging indicator dye [49].

The meat samples packaged with the active packaging films but with no (0%) and
5% garlic extract were still fresh from the start of the storage up to 8 h (Figure 6). However,
they must be immediately consumed from the 8th h to the 12th h of the storage period.
Thereafter (12-24 h of the storage period), they were already spoiled. This results was
consistent with that of TPC tests, which showed that the TPC values were above the ac-
ceptable threshold for microbial contaminants (1x106 or equivalent to 6 CFU/ml) in meat
after 12 h. By comparison, the meat samples packaged with the active packaging films
containing 10% and 15% garlic extract were still considered fresh from the start of the
storage period up to the 12th h. They must be immediately consumed when they had been
in storage for 12-16 h. Finally, they were considered rotten when they had been in storage
for 16-24 h. This result was also consistent with that of TPC tests (Figure 5), which indi-
cated that at the 16th hour, the TPC value surpassed the permissible level of microbiolog-
ical contamination in beef. Statistical analysis revealed that storage duration had a very
significant effect on the Hue value, the indicator of color change in the smart packaging.
The changes in the color of the smart packaging indicator (BTB solution, pH 2.75) when
used together with the active packaging films to reflect the freshness of meat are presented
in Table 1.

Table 1. Changes in the color of the smart packaging indicator (BTB solution, pH 2.75) when used together with the
active packaging films to reflect the freshness of meat.
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24

3.6. Correlations between changes in the color of the smart packaging indicator and the effects of
the active packaging films on the parameters of meat freshness

The correlations between changes in the color of the smart packaging indicator and
parameters of meat quality deterioration (pH, TVBN, and TPC) were explored to ascertain
the relationship between the sensitivity of the smart packaging indicator to meat freshness
and the effectiveness of the active packaging films in slowing the process of meat spoilage.
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Figure 7. Correlations between changes in the color of the smart packaging indicator and the effects of the active packaging films
with (a) 0%; (b) 5%; (c) 10%; and (d) 15% garlic extract on the parameters of quality deterioration of meat stored for 24 h.

The TPC and TVBN values of the meat samples treated with the active packaging
films but without garlic extract increased, which was reflected by the change in the color
of the smart packaging indicator (Figure 7). The pH of the meat samples fluctuated not
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only because of the production of volatile base compounds due to the activity of microor- 461
ganisms in the samples during the storage period but also because of various factors, such 462
as the contents of glycogen and lactic acid in the livestock prior to and after the slaughter. 463
The meat samples treated with the active packaging films but without garlic extract and 464
those treated with 5% garlic extract were rotten and unfit for consumption after 12 h of 465
storage as their Log TPC value was 7.65+0.39 and 6.20+0.00 CFU/mL, respectively, and 466
their TVBN value was 20.67+2.68 and 16.19+0.28 mgN/100g, respectively (Figure 7). By 467
comparison, the meat samples treated with the active packaging films and 10% and 15% 468
garlic extract were rotten and unfit for consumption after 16 h of storage as their Log TPC 469
value was 7.47+0.26 and 6.78+0.67 CFU/mL, respectively, and their TVBN value was 470
26.41+3.31 and 25.43+4.89 mgN/100 g, respectively. 471
The TPC values indicated the same level of quality deterioration as the TVBN values 472

and reflected the changes in the color of the smart packaging indicator of the freshness of 473
the meat samples treated with the active packaging films without (0%) and with 5% garlic = 474
extract; these samples were deemed rotten after 12 h of storage (Figure 7). The color of the = 475
indicator changed from orange (fresh) with a color value of 19.6°Hue and 19.2°Hue to 476
green (rotten) with a color value of 96.2°Hue and 95.6°Hue respectively. By comparison, 477
the meat samples treated with the active packaging films and added with 10% and 15% 478
garlic extract were deemed rotten after 16 h of storage; the color of the indicator changed 479
from orange (fresh) with color values of 18.2°Hue and 19.6°Hue, respectively, to green 480
(rotten) with color values of 98.2°Hue and 99°Hue, respectively. Wiryawan [50] observed 481
that when garlic extract was added to the active packaging, the values of TPC and TVBN 482
and the pH of the meat increased more slowly, as did the color of the smart packaging 483
indicator, compared with those of the meat without the active packaging. 484
The increase in the values of TPC, TVBN, and pH of meat is strongly influenced by 485

its high nutrient and water content, which is conducive to microbial contamination. More- 486
over, storing meat at room temperature accelerates bacterial growth. In general, an in- 487
crease in the number of microorganisms is followed by an increase in the production of 488
the volatile base chemical called TVBN. More volatile base compounds are released when 489
more microorganisms are present and active, as indicated by the increase in TVBN value, 490
which also has an effect on the meat’s pH value. Furthermore, the increase in the values 491
of TPC, TVBN, and pH linearly correlates with the increase in Hue value and color 492
changes of the smart packaging indicator because the accumulated volatile base com- 493
pounds raise the pH value of the packaging system, causing the smart packaging indicator 494
to experience a color shift. This explanation was in agreement with that of Pacquit et al. 495
[12], who applied active packaging films to cod fish. They stated that the increase in the 496
TPC value of cod fish has a linear correlation with changes in the color of the cellulose- 497
acetate packaging film sensor. 498

4. Conclusions 499

As a smart packaging indicator, the BTB solution (pH 2.75) produce color changes 500

that are easy to observe and reflect three phases of meat quality deterioration. In phase I, 501
its color was orange, indicating that the meat was still fresh. In phase II, its color was green 502
with an orange hue, suggesting that the meat must be consumed immediately. In phase 503
III, its color was dark green, denoting that the meat was already rotten and unfit for con- 504
sumption. The meat samples treated with the active packaging films and added with 10% 505
and 15% garlic extract rotted after 16 h, whereas the meat samples treated with the active 506
packaging films and added with 0% and 5% garlic extract rotted after only 12 h. The 507
changes in the color of the BTB solution was linearly and positively associated with the 508
values of TPC, TVBN, and pH of the meat samples packaged with the active packaging 509
films. 510
511
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Revised version received
b. Revisions and Amends



SeNnsSors

Reviewer 1 : Round 1

Journal
Manuscript ID
Type

Title

Authors
Section
Special Issue

Abstract

Review Report Form

Sensors (ISSN 1424-8220)

sensors-1516382

Article

Application of an Intelligent Sensor and Active Packaging System
Based on the Bacterial Cellulose of Acetobacter Xylinum to Meat
Products

Andi Dirpan * , Muspirah Djalal , Irma Kamaruddin

Biosensors

Smart Materials and Technology for Biological and Medical Sensor
Applications

Combining smart and active packaging serves the dual purpose of
detecting color changes in food that reflect changes in its quality and
prolonging its shelf life. This study developed a smart and active
packaging system made from the cellulose of Acetobacter xylinum and
assessed its ability to detect changes in the quality of packaged fresh
beef. The properties of the smart packaging’s sensor and active
packaging films were determined. The application of this system to fresh
beef stored at room temperature (28+2 °C) for 24 h was tested. The
color of the bromothymol blue (BTB) solution (pH 2.75) in the indicator
of the smart packaging system changed from orange to dark green to
indicate that beef quality changed from fresh to rotten. The meat treated
with the active packaging with 10% and 15% garlic extract decayed on
the 16th h. By contrast, the meat treated with the active packaging but
without the garlic extracts rotted on the 12th h. The shift in the indicator’s
color was linearly related to the total plate count (TPC), total volatile
basic nitrogen (TVBN) , and pH of the meat packaged using the active
packaging system. Therefore, BTB solution (pH 2.75) can be used as a
smart packaging indicator that will allow consumers to assess the
quality of packaged meat easily. As an antimicrobial agent, the addition
of 10%—15% garlic extract to the active packaging films can help delay
the spoilage of packaged meat.

English language and style

() Extensive editing of English language and style required

() Moderate English changes required

(x) English language and style are fine/minor spell check required

() I don't feel qualified to judge about the English language and style



Can be Must be

Yes improved improved Not applicable

Does the introduction provide sufficient

background and include all relevant () (x) () ()
references?

Is the research design appropriate? (x) () () ()
Are the methods adequately described? () (x) () ()
Are the results clearly presented? () () (x) ()
Are the conclusions supported by the results? () () (x) ()

Comments and Suggestions for Authors

The experiments performed are really interesting. However, there is a lack of discussion and
interpretation of the results in general.

Mayor revisions:

o Line 80 onwards. Authors refer to the benefits and potential use of bacterial cellulose
compared to other plant cellulose. However, the films developed in this assay are not
bacterial cellulose pure but use a 55% of other sources....Instead of highlighting the
potential of this matrix, they should talk about the benefits of the composed polymers in
food packaging.

o Described briefly the method employed for the determination of the best nitrogen source
from reference [7]. Why do authors carry out that determination?

e The production of smart packaging in section 2.2.3.2. is inaccurate. Do some changes.
e Line 126 What was the water content after the drying of the cellulose?
e What was the amount of BTB added?

e When do you know the indicator has been successfully absorbed? Does the film have
to absorb all the BTB added?

o What was the water content of the final film?
e The production of smart packaging in section 2.2.4.2. is inaccurate. Do some changes.

e How do you crush the cellulose? Why do you use other polysaccharide sources instead
of just bacterial cellulose? The references have to be included at the beginning of the
paragraph, mentioning if there or not have been modifications.

e “The bacterial cellulose was crushed to form a cellulose slurry, and all pretreatments were
performed at room temperature” Please rewrite this sentence, the first part does not fit
with the second part of the sentence.

e Section 2.2.3.2. Include the description of the change of color of the indicator, as can be
seen in figure 1b. Substitute the indicator of that figure by the one in the experiment, as
can be seen in table 1.



Section 2.2.6.1. The section says “Measurement of the color of the smart packaging
indicator” but then describes the color measurement of the meat and active packaging.
Make the appropriate changes.

Section 2.2.6.2., 2.2.6.3., 2.2.6.4. and 2.2.6.5. Have replicates been done? Include this
information in each section.

Section 2.2.6.4. Please, do some correction in the methodology. What is the total volume
of the Conway dish? What is the volume of extract added? The sentence of lines 194-195
seems wrong. Does the reaction have any indicator? If reference 33 describes this
procedure, please include it at the beginning of the paragraph.

Section 2.2.6.5.. Include the volume of the sample used in the inoculation. n1 has the
same description as d parameter. Make the appropriate changes.

Figure 2. Include error bars. If the authors have the picture of the assays, it will be helpful
to include them next to the graphic. Include p-value in the name of the figure

Lines 239-242. This statement does not contribute to explaining the results. Eliminate it.

Lines 257-258. Eliminate the storage information since it is specified in materials and
methods section.

Figures 3, 4 and 5. Figure 3. Include the error bars and the standard deviation in the text.
The authors say in 2.2.3. section that these results have been studied statistically. Are
those results significantly different? Include the agglomeration of the results and the p-
value. If not, you can’t conclude the active packaging is having an effect as authors
conclude in the different sections. Include the units of the storage time as h. Renamed the
samples of the figure. Named the sample “Film without the addition of garlic extract” as
control film. Explain it in the material and method section. Add just the % of garlic extract
in the legend.

Section 3.2. Lack of discussion.

e Why pH was only measured at 7 h of storage since the experiment was carried out
until 24 h? These results should be included since the figure expressed the storage
for 24 h. Are the x-axis units correct?

e Line 284: Are this measure done at 20 h or 24 h? If it is ok, the graphic should be
named accordingly.

e On line 264 authors say that the pH of the meat is normal (6.57) but in line 267 they
say it is quite high. Please do the appropriate changes in this section. The description
of the information in 269 to 283 is correct, but should be reorganized to a better
comprehension. summarize the information as it does not provide any discussion of
the data.

e Line 284: which are those results? Please refer in the text the pH values to the type
of samples for a better understanding. Have been comparable results been reported?

Section 3.3. Lack of discussion.



e Renamed the samples on the figure. Named the sample “Film without the addition of
garlic extract” as the control film. Explain it in the material and method section.

o Add just the % of garlic extract in the legend. Consider this change also in the text to
make the lecture more fluid.

o Line 303. Is this classification reported elsewhere?
e Line 307. Which data do authors get these conclusions?

e Lines 314-324. summarize the information as it does not provide any discussion of the
data.

e Section 3.4. Lack of discussion. According to the information exposed by the authors
about the meet quality, (line 344), all samples present a very poor quality from the
beginning of the experiment, so the results about the efficiency or not of the active
packaging is not valid. The extending of shelf life on 4 h is not significant.

e Line 352-359 is repetitive.

e Section 3.5. Lack of discussion

o Line 417. This information is not correct since with 0% extract at 8h the samples are
significantly different.

e Line 421. The TPC values of data from the time 0 of the experiment exceed the 6
UFC/mL, so this data are not consistent.

e There is something unclear in the results. In figure 6a, the value 64.4 is significantly
different from 19.6 and 24.4. However, similar values are statistically the same in the
rest of the figures. Are there any replicates of the measurements?

e Section 3.6. Lack of discussion. The aim of performing this correlation is not clear. The
information included in this section is mainly the results of the previous analysis and does
not contribute to the discussion of this section. Which variable has a better correlation
with the colour changes? The correlation model is not described.

o Conclusion section: Total lack of conclusions. The statement described has been already
commented on the previous section. Does the active packaging have an effect on
preservation? Does the smart packaging have any effect on monitoring freshness? Is has
any potential solution to the problems described in the introduction?

Minor revisions:

* Acetobacter xylinum must be written in italics. Please change it in the abstract and lines
81, 99 and 108. This correction has to be applied also on line 58, 70, 71, 97, 183, 237.

e Line 34. Change to °C

e Line 96: substitute obtained by purchase.

e Unify the section 2.2.1 and 2.2.2. as production of bacterial cellulose from A. xylinum.
e Unify the section 2.2.3.1. and 2.2.3.2 as production of smart packaging

e Unify the section 2.2.4.1 and 2.2.4.2. as production of active packaging film

e Line 136, erase the,



e Line 136...it was extracted via maceration, instead of maceration method. In that section,
if reference [29] is describing the same procedure, you must include it at the beginning of
the section.

e Line 153. Eliminate the information already included in line 96.
e Line 154. Rewrite the sentence.

e Line 154 Describe the sterile conditions.

e Line 171. Eliminate this information.

e Line 177 and 178: Substitute a and b by a*and b*. Include also in italics the CIELAB
parameters on line 173.

e Line 178: the red-green color is not applicable to b* Make the changes.

o Line 181. Include the reference [32] at the end of the sentence.

o Line 183. Correct the superscript.

e Line 187. Substitute the term “combined” by introduced, or extracted.

e Line 192: eliminate the , and the “

e Line 195 and 196: Correct the subscript.

e Line 203. Substitute Wis by W is and Fpis by Fp is. Change Fp by DF from dilution factor.
e Line 204. Substitute 14.07 by 14.007 as it is in the formula (2)

¢ Line 206: substitute number by amount.

e Line 218. Renamed the section

o Line 235: Substitute “was high”, by “increased”. Include at the end of the sentence
“showing comparable antibacterial effects”, and eliminate this information at the end of
the following paragraph, since is repetitive.

Submission Date 03 December 2021
Date of this review 19 Dec 2021 21:45:34
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MATRICES OF AMENDMENTS FOR REVIEWER 1

Mayor revision

Comments and Suggestions for Authors and Author’s responds

1. Line 80 onwards. Authors refer to the benefits and potential use of bacterial cellulose
compared to other plant cellulose. However, the films developed in this assay are not
bacterial cellulose pure but use a 55% of other sources. Instead of highlighting the
potential of this matrix, they should talk about the benefits of the composed polymers in
food packaging.

Thank you for your input; we greatly appreciate it.

We updated the section in accordance with your instructions. The basic thing to note is
that we produce two types of packaging films: smart packaging films made entirely of
bacterial cellulose and active packaging films made by combining bacterial cellulose with
other ingredients (garlic extract as an antimicrobial agent; other polysaccharide
ingredients) as well as glycerol to create a more elastic and firm film sheet).

2. Described briefly the method employed for the determination of the best nitrogen source
from reference [7]. Why do authors carry out that determination?




Thanks for the comment, we refer to reference [7] because the reference is the result of
our research and publications that have been done previously. In this study, we used the
results of that research as a formulation to create bacterial cellulose with good physical
properties to be used as the basic material for making smart and active packaging

3. The production of smart packaging in section 2.2.3.2. is inaccurate. Do some changes.
a. Line 126 What was the water content after the drying of the cellulose?
Thank you for your suggestions, and thank you for reminding us to include it in our
writing.
The moisture content of dried bacterial cellulose ranges between 4-6%, this refers to
the water content of paper in general.

b. What was the amount of BTB added?
The comment is very much appreciated, and thank you for reminding us to include it
in our writing. We used 35ml BTB. Each 1 sheet of intelligent packaging film 1.5 cm x
4 cm was put into a 50ml centrifuge tube containing 35ml BTB, then centrifuged it at
3000 rpm for 15 min. Not all of the BTB indicator solution will be adsorbed into the
smart packaging film, the absorption parameter is adjusted according to the
absorption ability of the smart packaging film for every 15 minutes.

c. When do you know the indicator has been successfully absorbed? Does the film have
to absorb all the BTB added?
Thank you for your feedback.
Because not all of the BTB indicator solution is adsorbed into the smart packaging
film, the absorption parameter is adjusted every 15 minutes based on the absorption
ability of the smart packaging film. When the smart packaging film has an orange color
that is visually uniform for each film, it indicates absorption success, and we
determined this by measuring the color (°Hue).

d. What was the water content of the final film?
Thank you for your comments. Unfortunately, we did not measure the film's final
moisture content; the final parameter when drying the film is when the smart
packaging film no longer leaves stains on the object's surface.

4. The production of smart packaging in section 2.2.4.2. is inaccurate. Do some changes.

a. How do you crush the cellulose? Why do you use other polysaccharide sources
instead of just bacterial cellulose? The references have to be included at the
beginning of the paragraph, mentioning if there or not have been modifications.
Thank you for your input. Using a food blender, we blend bacterial cellulose. The
main point to emphasize is that we use 100 percent bacterial cellulose in the
production of smart packaging films (without going through crushing). Meanwhile,
crushing is done in the production of active packaging films so that the "garlic extract”
can mix with the active packaging films. The use of other polysaccharides and
materials is intended to re-glue bacterial cellulose, resulting in a flexible and sturdy
film..

b. “The bacterial cellulose was crushed to form a cellulose slurry, and all pretreatments
were performed at room temperature” Please rewrite this sentence, the first part
does not fit with the second part of the sentence.

Thank you for your feedback. We have made the necessary changes in accordance
with your instructions.

5. Section 2.2.3.2. Include the description of the change of color of the indicator, as
can be seen in figure 1b. Substitute the indicator of that figure by the one in the
experiment, as can be seen in table 1.




10.

11.

12.

Thank you for your feedback. We have made the necessary changes in accordance
with your instructions.

Section 2.2.6.1. The section says “Measurement of the color of the smart packaging
indicator” but then describes the color measurement of the meat and active
packaging. Make the appropriate changes.

Thank you for your feedback. Please accept my apologies for the ambiguous
sentence. In actuality, we measure the color change of smart packaging used in
meat packaging.

As is shown below:

Wrap plastic LDPE
We have
Smart Packaging
¢ Indicator/sensor measured the
color change of

Actif Packaging
Film

Meat ey

Styrofoam

Section 2.2.6.2., 2.2.6.3., 2.2.6.4. and 2.2.6.5. Have replicates been done? Include
this information in each section.

Thank you for your comment. We have made the necessary changes in accordance
with your instructions.

Section 2.2.6.4. Please, do some correction in the methodology. What is the total
volume of the Conway dish? What is the volume of extract added? The sentence of
lines 194-195 seems wrong. Does the reaction have any indicator? If reference 33
describes this procedure, please include it at the beginning of the paragraph.
Thank you for your comment. We have made the necessary changes in accordance
with your instructions. In this study, we used a Conway dish with an outer diameter
of 10 cm and an inner diameter of 5 cm, 1 ml of filtrate was used, and added with
indicators of methyl red and bromothymol blue (2: 1).

Section 2.2.6.5.. Include the volume of the sample used in the inoculation. n1 has
the same description as d parameter. Make the appropriate changes.

Thank you for your comment. We apologize for our mistake. We have made the
necessary changes in accordance with your instructions

Figure 2. Include error bars. If the authors have the picture of the assays, it will be
helpful to include them next to the graphic. Include p-value in the name of the figure.
Thank you for your feedback. We fixed it in accordance with your instructions. We
value your input and understand your concerns about the use of data. Unfortunately,
we do not have high-quality photo assays to include.

Lines 239-242. This statement does not contribute to explaining the results.
Eliminate it.

Thank you for your comment. We have made the necessary changes in accordance
with your instructions.

Lines 257-258. Eliminate the storage information since it is specified in materials
and methods section.




13.

14.

15.

Thanks for the comment. We appreciate your comment. However, we do not discuss
storage in this section.

Figures 3, 4 and 5. Figure 3. Include the error bars and the standard deviation in the
text. The authors say in 2.2.3. section that these results have been studied
statistically. Are those results significantly different? Include the agglomeration of
the results and the p-value. If not, you can’t conclude the active packaging is having
an effect as authors conclude in the different sections. Include the units of the
storage time as h. Renamed the samples of the figure. Named the sample “Film
without the addition of garlic extract” as control film. Explain it in the material and
method section. Add just the % of garlic extract in the legend.

Thanks for your comprehensive views on the content, which made us to write our
analyzes more clarified. we have added statistical test notation to our data. We
apologize in advance that we need to change the figure into table to make it more
convenience for reader, in this way all the data and statistical analysis can be
presented in detail. We hope you understand and we hope changing this is one of
best decision we made. And, we have designated "film without the addition of garlic
extract" as the control film in our method.

Section 3.2. Lack of discussion.

a. Why pH was only measured at 7 h of storage since the experiment was carried

out until 24 h? These results should be included since the figure expressed the
storage for 24 h. Are the x-axis units correct?
Thank you for your feedback. We are grateful for your attention to the human
error that we made. True, the experiment lasted for 24 hours. We apologize in
advance that we need to change the figure into table to make it more
convenience for reader, in this way all the data and statistical analysis can be
presented in detail. We hope you understand and we hope changing this is one
of best decision we made.

b. Line 284: Are this measure done at 20 h or 24 h? If it is ok, the graphic should
be named accordingly.
Thanks for the comments. The pH measurement was completed at 24 hours of
storage. There is insufficient writing in our explanation, so it does not appear to
match the data presented on the graph. We've fixed it.

c. Online 264 authors say that the pH of the meat is normal (6.57) but in line 267
they say it is quite high. Please do the appropriate changes in this section. The
description of the information in 269 to 283 is correct, but should be reorganized
to a better comprehension. summarize the information as it does not provide
any discussion of the data.

We appreciate your comment. Actually, at pH 6.57 is the pH at 0 hours of
storage (categorized as normal). Looks like we made a typo. On your
instructions, we have fixed it.

d. Line 284: which are those results? Please refer in the text the pH values to the
type of samples for a better understanding. Have been comparable results been
reported?

Thank you for your comment. We have made the necessary changes.

Section 3.3. Lack of discussion.

a. Renamed the samples on the figure. Named the sample “Film without the
addition of garlic extract” as the control film. Explain it in the material and method
section.




Thank you for your comment. We have made the necessary changes in
accordance with your instructions.

16. Add just the % of garlic extract in the legend. Consider this change also in the text

17.

18.

19.

20.

Log TPC (CFU/ml)

== NN W
a o u o a O

to make the lecture more fluid.
We appreciate your input and we have made the necessary changes in accordance
with your instructions.

Line 303. Is this classification reported elsewhere?

Thank you for your comment. The classification of fresh or rotten meat based on its
TVBN value has been widely reported. For example, in the text we include several
reports on the classification, namely “Beef or livestock is considered fresh if the
TVBN value is less than 15 mg/100 g [44] or TVBN is <10 mg N/100 g [45].
Moreover, SNI 2354.8:2009 by National Standardization Agency of Indonesia (BSN)
[46] states that the standard levels of TVBN fit for consumption is 20-30 mg
N/100q.”. Also, we have never had our data published in other journals.

Line 307. Which data do authors get these conclusions?

Thank you for your input. We highly appreciate your attention to the data we have.
The data is derived from the calculation of the increase in the value of TVBN (final
value (categorized as rotten, 16 hours of storage) — initial (O hours of storage) /
beginning (0 hours of storage) x 100%. However, after noticing an error in writing
the value, we corrected it.

Lines 314-324. summarize the information as it does not provide any discussion of
the data.

Thank you for your feedback. We fixed it in accordance with your instructions. We
decided to remove annotations that had nothing to do with the data.

Section 3.4. Lack of discussion. According to the information exposed by the authors
about the meet quality, (line 344), all samples present a very poor quality from the
beginning of the experiment, so the results about the efficiency or not of the active
packaging is not valid. The extending of shelf life on 4 h is not significant.

Thank you for your concern in our data. Regrettably, we apologize for entering the
incorrect graph in this section. The graph is data from TVBN values. Actually, our
TPC chart is as follows.
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Storage time _ Addition of garlic extract to the active packaging film

A

(Hour) 0% 5% 10% 15% verage
0 253+064 253+064 253+064 253+064 %%%f
4 518+020 464+016 383+030 3.91+010 4.39+0.64°
8 543+021 533+007 483+040 504+006 5.16+0.27°
12 765+039 620+000 551+010 534+008 6.18+1.05
16 889+067 7.44+003 747+026 6.78+067 7.64+0.89
20 10.04 +058 830+135 7.57+060 828+0.06 855+ 1.08
24 10.36+0.15 953+0.39 944+068 9.25+0.03 9.65+0.499

Average 715+2.89° 6.28+237° 588+241% 5.88+2.39°

a.

Line 352-359 is repetitive.
Thank you for your feedback. We fixed it in accordance with your instructions.

21. Section 3.5. Lack of discussion

C.

e.

Line 417. This information is not correct since with 0% extract at 8h the samples
are significantly different.

Thank you for your feedback. We highly appreciate your attention to the data
we have. It is true that at 0-4 hours it was significantly different from the 8th hour
(0% garlic extract). While the use of 5%, 10%, 15% garlic extract at 0-4 hours
did not appear to be significantly different from storage at 8 hours. This shows
that the use of 5%, 10%, 15% gatrlic extract can inhibit the acceleration of the
increase in TPC. | hope you are satisfied and understand our answer.

Line 421. The TPC values of data from the time 0 of the experiment exceed the
6 UFC/mL, so this data are not consistent.

Thank you for your thoughtful comments and attention to our writing. We
sincerely apologize for our mistake. In fact, we attached the incorrect TPC
figure; we pinned the TVBN figure to Figure 5, which should have been a TPC
figure. We corrected the error and placed the appropriate and correct data as a
result of your input. We hope you are satisfied with our response. we have
replaced with correct data and based on our tpc data, the meat we have used
is fresh. We apologize in advance that we need to change the figure into table
to make it more convenience for reader, in this way all the data and statistical
analysis can be presented in detail. We hope you understand and we hope
changing this is one of best decision we made.

There is something unclear in the results. In figure 6a, the value 64.4 is
significantly different from 19.6 and 24.4. However, similar values are
statistically the same in the rest of the figures. Are there any replicates of the
measurements?

Sorry for your inconvenience. The color measurement was repeated 5 times
with the same sample. In figure 6a, it is true that the value of 64.4 °Hue at the
8th hour is significantly different from the values of 19.6 and 24.4 oHue at the
Oth and 4th hour storage. We hope you are satisfied with our answers and we
are happy to accept if there are still revisions for the sake of our writing. Here
we afttach the Duncan test results for 0% garlic extract.




indicator_color_(0% Garlic Ex) HUE

Duncan®!

Subset
Time storage

(Hour) N 1 2 3

0 23.0000

4 24.4000
8 64.6000
16 111.4000

20

5
S
5

12 5 86.2000 96.2000
5
5 116.6000
5

24 123.4000

Sig. 938 .088 176

Means for groups in homogeneous subsets are displayed.

22. Section 3.6. Lack of discussion. The aim of performing this correlation is not clear.

The information included in this section is mainly the results of the previous analysis
and does not contribute to the discussion of this section. Which variable has a better
correlation with the colour changes? The correlation model is not described.
Thank you for your feedback. Based on the analysis of all data, we can conclude
that the change in color of the smart packaging indicator, as indicated by an increase
in the Hue value, corresponds to an increase in the value of the meat deterioration
parameters (TPC and TVBN). We have concluded this discussion, and | hope you
are satisfied with the results.

23. Conclusion section: Total lack of conclusions. The statement described has been
already commented on the previous section. Does the active packaging have an
effect on preservation? Does the smart packaging have any effect on monitoring
freshness? Is has any potential solution to the problems described in the
introduction?

Thank you for your feedback. Based on your guidance to us in revising this paper,
we have updated this conclusion. We hope it meets your expectations.

Minor revision

Comments and Suggestions for Authors and Author’s responds

Acetobacter xylinum must be written in italics. Please change it in the abstract and lines
81, 99 and 108. This correction has to be applied also on line 58, 70, 71, 97, 183, 237.
Thank you for your feedback. We have made the necessary changes in accordance with
your instructions.

Line 34. Change to °C
Thanks for the comments. We've fixed it.




Line 96: substitute obtained by purchase.
Thanks for the comments. We've fixed it.

Unify the section 2.2.1 and 2.2.2. as production of bacterial cellulose from A. xylinum.
Thank you for your feedback. We have made the necessary changes in accordance with
your instructions

Unify the section 2.2.3.1. and 2.2.3.2 as production of smart packaging
Thank you for your feedback. We have made the necessary changes in accordance with
your instructions

Unify the section 2.2.4.1 and 2.2.4.2. as production of active packaging film
Thank you for your feedback. We have made the necessary changes in accordance with
your instructions

Line 136, erase the
Thanks for the comments. We've fixed it.

Line 136...it was extracted via maceration, instead of maceration method. In that section,
if reference [29] is describing the same procedure, you must include it at the beginning of
the section.

Thanks for the comments. We've fixed it.

Line 153. Eliminate the information already included in line 96.
Thank you for your feedback. We fixed it in accordance with your instructions

Line 154. Rewrite the sentence.
Thank you for your feedback. We fixed it in accordance with your instructions

Line 154 Describe the sterile conditions.
Thank you for your feedback. We fixed it in accordance with your instructions

Line 171. Eliminate this information.
Thanks for the comments. We've fixed it.

Line 177 and 178: Substitute a and b by a*and b*. Include also in italics the CIELAB
parameters on line 173.
Thanks for the comments. We've fixed it.

Line 178: the red-green color is not applicable to b* Make the changes.
Thanks for the comments. We've fixed it.

Line 181. Include the reference [32] at the end of the sentence.
Thanks for the comments. We've fixed it.

Line 183. Correct the superscript.
Thanks for the comments. We've fixed it.

Line 187. Substitute the term “combined” by introduced, or extracted.
Thanks for the comments. We've fixed it.

Line 192: eliminate the , and the “
Thanks for the comments. We've fixed it.




Line 195 and 196: Correct the subscript.
Thank you for your feedback. We fixed it in accordance with your instructions.

Line 203. Substitute Wis by W is and Fpis by Fp is. Change Fp by DF from dilution factor.
Thank you for your feedback. We fixed it in accordance with your instructions.

Line 204. Substitute 14.07 by 14.007 as it is in the formula (2)
Thank you for your feedback. We fixed it in accordance with your instructions.

Line 206: substitute number by amount.
Thank you for your feedback. We fixed it in accordance with your instructions.

Line 218. Renamed the section
Thank you for your feedback. We fixed it in accordance with your instructions.

Line 235: Substitute “was high”, by “increased”. Include at the end of the sentence
“showing comparable antibacterial effects”, and eliminate this information at the end of the
following paragraph, since is repetitive.

Thank you for your feedback. We fixed it in accordance with your instructions.
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basic nitrogen (TVBN) , and pH of the meat packaged using the active
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of 10%—15% garlic extract to the active packaging films can help delay
the spoilage of packaged meat.
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MATRICES OF AMENDMENTS FOR REVIEWER 1

Comments and Suggestions for Authors and Author’s responds

1. The novelty of the paper is not clear. Is it the utilization of the BTB solution?

Thank you for the comment. We highly respect your comment and understand your
concerns about the novelty. Our novelty is to create smart and active packaging from the
same main ingredient, namely bacterial cellulose which we produce ourselves, and we
combine smart and active packaging or combine them together in one packaging system.
Furthermore, smart and active packaging are typically studied separately by other
researchers, including us in previous studies. Then, using our new innovation, we
combined the two into a single packaging system made of the same main ingredient,
bacterial cellulose. Furthermore, the method we use is a modified and low-cost method
that, hopefully, can be applied commercially. Meanwhile, we must acknowledge that BTB
is not a novel material, as there have been numerous smart packaging studies comparing
BTB to other dye solutions in the production of smart packaging. We hope this answer
satisfies you.

2. This is not the first paper presenting the application of cellulose of Acetobacter xylinum

for food packaging, nor the first paper on garlic aa an antimicrobial, nor the first paper
presenting a combination of smart (intelligent) and active packaging.
Thanks for the comment and sorry for any inconvenience. We acknowledge that research
on bacterial cellulose for food packaging, garlic extract as an antimicrobial, or combining
smart and active packaging is not the first research in this world. In today's modern era,
researchers have been given convenience by the studies that have been found in the
last few decades; thus, as a form of novelty, we update existing research by broadening
its scope so that it can be applied in practice. As a result, we create smart and active
packaging from the same main ingredient, bacterial cellulose, where the smart indicator
in smart packaging uses BTB and microbial active compounds in active packaging use
garlic extract, and then we combine them all as a single packaging system for meat. We
hope you are pleased with our response.

3. The aim off the study should be clearly presented in the last paragraph of Introduction.
Thanks for your comment. Actually, we stated the goal in the last paragraph of our
introduction “this study aimed to maximize the potential of smart and active packaging
by combining them into a single packaging system based on a bacterial cellulose
membrane biopolymer to enhance the quality of packaged meat and help consumers to
determine meat freshness easily.”

4. “Smart” packaging should be changed to “intelligent” packaging. Check recent reviews
on smart packaging (Omerovic et al., Compr. Rev. Food Sci FooD Sec, 2021; or Nikolic
et al., Trends Food Sci Tech, 2021)
Thank you for your help. We have corrected it in accordance with your instructions.

5. Bacterial names should be in Italic throught the whole manuscript.
Thanks for your comment. We have corrected it.

6. The number of titles should be reduced in Materials and Methods. No need to have so
many sob-titles
We appreciate your input, and we have fixed it.

7. What was the negative control in Fig. 2? What diameter was obtained with cellulose
alone?




10

11.

12.

13.

Thank you for your feedback. On fig. 2, our negative control is a cellulose film without
the addition of garlic extract, and no inhibition zone was formed. Each film has a
consistent diameter of 5mm.

. How many times experiment in Fig 2 was done? Statistic should be added.

Thank you for your feedback. The experiment was carried out three times. Statistics have
been added.

. Why there is a decrease at 4h in Fig 3? Statistics should be added in Fig 3.

Thank you for your feedback. After the animal dies, the blood flow that supplies oxygen
to the muscles stops causing an anaerobic glycolysis process to occur. During anaerobic
glycolysis, glycogen conversion occurs in the muscles to lactic acid which accumulates
in the tissues, causing the pH of the meat to decrease (4th hour storage), during
anaerobically glycolysis, the decrease in pH continues until the glycogen is converted to
lactic acid followed by the neutralization of alkaline compounds resulting from the
metabolism of microorganisms, so that the pH of the meat rises again (storage hours 16-
24). Also, we have added statistics. We apologize in advance that we need to change
the figure into table to make it more convenience for reader, in this way all the data and
statistical analysis can be presented in detail. We hope you understand and we hope
changing this is one of best decision we made.

. It looks like there is no difference in Fig 4, all values are similar at a given time. How

many time this experiment was performed?

Thank you for your responses. The TVBN value of the control sample was higher than
that of the active packaging film sample. The process was repeated three times. We
have added statistics to make the appearance of the figure more understandable. We
apologize in advance that we need to change the figure into table to make it more
convenience for reader, in this way all the data and statistical analysis can be presented
in detail. We hope you understand and we hope changing this is one of best decision
we made.

Idem for Fig 5

We appreciate your comments and apologize for the technical error.

Actually, the figure we pinned on Figure 5 was a mistake; we pinned the TVBN figure
on Figure 5 instead of the TPC figure. We have corrected this error and attached the
appropriate and correct data for your correction. We apologize in advance that we need
to change the figure into table to make it more convenience for reader, in this way all
the data and statistical analysis can be presented in detail. We hope you understand
and we hope changing this is one of best decision we made. We hope you are satisfied
with our response.

Fig6 (a to d) should be presented in a better way to enable visualization of all results
on the same page.

Thank you for your feedback. Your suggestion is very important to us, and we have
addressed it.

The whole manuscript should be rewritten in a more concise way. Actual form is not
focused on the message

Thank you for your thoughtful comments and suggestions.

We have updated several sections to make it easier for readers to understand, thanks
to your attention to the improvement of our writing.
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Abstract: Combining jntelligent and active packaging serves the dual purpose of detecting color
changes in food that reflect changes in its quality and prolonging its shelf life. This study developed

sessed its ability to detect changes in the quality of packaged fresh beef. The properties of the jntel-
ligent packaging’s sensor and active packaging films were determined. The application of this sys-
tem to fresh beef stored at room temperature (2842 °C) for 24 h was tested. The color of the bromo-
thymol blue (BTB) solution (pH 2.75) in the indicator of the jntelligent packaging system changed
from orange to dark green to indicate that beef quality changed from fresh to rotten. The meat
treated with the active packaging with 10% and 15% garlic extract decayed on the 16th h. By con-
trast, the meat treated with the active packaging but without the garlic extracts rotted on the 12th h.
The shift in the indicator’s color was linearly related to the total plate count (TPC), total volatile
basic nitrogen (TVBN) , and pH of the meat packaged using the active packaging system. Therefore,
BTB solution (pH 2.75) can be used as a jntelligent packaging indicator that will allow consumers to
assess the quality of packaged meat easily. As an antimicrobial agent, the addition of 10%-15% gar-
lic extract to the active packaging films can help delay the spoilage of packaged meat.

Keywords: Intelligent Sensor; Intelligent packaging; active packaging; Bacterial Cellulose; Meat

1. Introduction

Global beef consumption is predicted to rise as the world population and family in-
come increase, particularly in developing Asian countries [1-3]. By 2030, worldwide meat
consumption and availability are expected to increase by 14% and 5.9%, respectively, over
the average of the 2018-2020 period [3]. Thus, the expected increase in meat consumption
must be complemented by improvements in the quality of fresh meat produced. One as-
pect affecting the quality and characteristics of meat is the material and packaging tech-
nologies used [4]. Meat is a perishable item that rapidly spoils when stored above the
optimum temperature range (below -17+4 °C) [5,6]. However, in traditional markets, meat

is displayed at room temperature without packaging, a practice that might accelerate mi-
crobial contamination and cause rapid quality degradation. Even in supermarkets where
meat is maintained in cold temperatures, standard meat packaging still prevent consum-
ers from subjectively determining the quality of meat. Thus, meat packaging must have
additional functions that will prevent quality degradation due to microbial contamination
and will help consumers to determine the quality of packaged meat easily [7]. Conven-
tional meat packaging can be designed to perform dual functions through jntelligent and
active packaging systems.
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ntelligent packaging is a term that refers to sensors in the form of indicators that 55 [ Deleted: Smart

monitor and provide information on the quality of the food contained within the packag- 56
ing via color changes caused by chemical reactions between the indicators and the prod- 57
ucts of microbial metabolism or changes in the chemical composition of the food [8,9]. 58
During storage, the chemical components of meat degrade into volatile compounds be- 59
cause of microbial activity, thereby increasing the value of total volatile base nitrogen 60
(TVBN) [10,11]. Accumulation of TVBN increases the pH of the packaging system, which 61

is detected by the indicator, resulting in a visible color shift in the indicator [11,12]. Intel- 62 [ Deleted: Smart

ligent packaging allows easier monitoring of packed products during transportation and 63
storage [7]. Moreover, it provides a more accurate estimate of product condition than con- 64
ventional expiration labels [12]. Color-based pH indicator solutions are widely used as 65

Deleted: smart

cator dye for mangoes. Hidayat et al. [14] used two types of color indicators with prede- 67
Deleted: smart

ness of meat packaging. Intelligent packaging indicators based on natural pigments are 69 Deleted: Smart

being developed, such as jntelligent packaging films that include anthocyanin-loaded 70

Lycium ruthenicum nanocomplexes in starch/polyvinyl alcohol mixtures (PVA) [15], as 71

termined concentrations, namely, phenol red and bromothymol blue, to assess the fresh- 68 [
[ Deleted: smart

AN N N, N

well as anthocyanins from saffron petals immobilized in chitosan nanofibers and methyl 72
cellulose matrix [16]. 73

Active packaging refers to the integration of particular additives into a packaging 74
system for the purpose of extending the shelf life, preserving the quality, and ensuring 75
the safety of food products. Antimicrobial agents are used as components of active pack- 76
aging additives to extend product shelf life. The volatile bioactive compounds in active 77
packaging evaporate or diffuse onto the food surface, where they limit the growth of path- 78
ogenic microbes and thus delay spoilage [17,18]. This strategy is more effective than coat- 79
ing bioactive compounds onto the food surface [19]. The safest, cheapest, and most readily 80
available antimicrobial agents for use in active packaging are essential oils. Pranoto et al. ~ 81
[20] produced antimicrobial alginate edible films by incorporating the essential oils of gar- 82
lic. They reported that these films substantially inhibited the growth of Staphylococcus 83
aureus and Bacillus cereus in meat. Vishnu et al. [21] utilized the essential oils of Plectran- 84
thus amboinicus in a chitosan-based active packaging to restrict antimicrobial activity. 85

Intelligent and active packaging can be merged into a single packaging system. Jul- 86 Deleted: Smart

yaningsih et al. [22] combined a jntelligent packaging system based on methyl red—bro- 87
mothymol blue (BTB) indicator with an active packaging system based on lemongrass oil ~ 88

Deleted: smart

as a component of tuna fish fillet packaging. Yao et al. [23] developed an active and jntel- 89 Deleted: smart

ligent packaging system based on starch, PVA, and betacyanins from various types of 90

plants for shrimp packaging. Jn general, an active packaging that contains antimicrobial 91 Deleted:

agents and a jntelligent packaging that contains indicator solutions are immobilized ina 92
polymer. Compared with synthetic polymers or plant cellulose, the bacterial cellulose fer- 93

Deleted: smart

mented by Acetobacter xylinum has a unique nanofibrillar structure and superior physical 94 Deleted: plant cellulose or

gent and active packaging system [24,25]. Bacterial cellulose has received interest as a 96 | Formatted: Font: Italic

component of active packaging owing to its piodegradability, high water-holding capacity 97 Deleted: smart

so that it can be employed entirely as a polymer for immobilizing color solutions in intel- 98

ligent packaging indicators [26], Besides, bacterial cellulose possess great potential as an 99 Deleted: edibility,
antimicrobial agent carrier in order for it to be utilized as an ingredient in the production 100 Deleted:,

of active packaging films J27]. 101"

Deleted: and

The development of packaging systems with additional functions is advancing. To 102
promote this innovation, this study aimed to maximize the potential of jntelligent and 103
active packaging by combining them into a single packaging system based on a bacterial 104

Deleted: great potential as an antimicro-
bial agent carrier ...

cellulose membrane biopolymer to enhance the quality of packaged meat and help con- 105

properties, suggesting that it has the potential to serve as a basis for developing a jntelli- 95 E
sumers to determine meat freshness easily. 106 [
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2. Materials and Methods 126
2.1. Materials 127

/
The main ingredients used in the jntelligent and active packaging system developed -1

herein were the bacterial cellulose produced by A. xylinum, which was fermented in nat- 129
ural media of coconut water. Beef tenderloin was purchase, from a slaughterhouse in Ta- /130
mangapa Raya. Coconut water and garlic (Allium sativum) were purchased from a local 131
market. Food-grade ammonium sulfate (CAS Number: 7783-20-2), yeast extract (Merck, 132

CAS Number: 8013-01-2), 96% acetic acid (Brenntag Inc, CAS No: 64-19-7), A. xylinum cul- 133

ture, 5% 1 N NaOH (Brenntag Inc, CAS No: 1310-73-2), sucrose, Bromothymol blue (BTB, 134
Merck, CAS No: 76-59-5), alcohol, aquabides, aquades, Tashiro’s indicator (0.1% methyl 135
red and 0.1% BTB at a ratio of 2:1), 7% trichloroacetic acid (TCA, Merck), nutrient Agar 136
(NA, Merck), glycerol (Merck, CAS No: 56-81-5), food-grade carboxymethyl—cellulose 137
(CMC) (Foodchem, E466), and corn starch were used. 138

2.2. Methods 139/
2.2.1. production of bacterial cellulose from A. xylinum 149/
Based on our previous research Dirpan et al. [7], 5% (w/v) of food grade Ammonium Sul- ; /1 1

fate is the best source of Nitrogen in Acetobacter xylinum growth media to produce opti-
mal bacterial cellulose membranes. Determination of the composition and type of Nitro-
gen source, Then, purification of bacterial cellulose by yremoved from the fermentation
medium, rinsed in running water, and then soaked for 2 days with periodic water 145
changes. The cellulose was also soaked in 70% alcohol for 1 min, heated to 100 °C in dis- i46
tilled water for 20 min, and reheated in 1 N 5% NaOH solution at 100 °C for 60 min to 33147
remove the remaining bacterial cells and substrate attached to the cellulose layer. After- [148
ward, the cellulose was rinsed with running water and soaked in periodically changed 149
water for 24 h until pH reached 7. The purified cellulose appeared transparent [7], | 150

<2151

2.2.2, Production of intelligent packaging 152
First, preparation of the indicator solution, BTB indicator solution was chosen for this 153
study because a previous work established this solution as the indicator with the most \154
visually identifiable color change reaction [7]. First, 1% BTB solution (b/v) was prepared
in 95% ethanol. Then, the pH of the BTB solution was decreased to 2.74 by adding 20%
acetic acid. Finally, the BTB solution was stored in a closed container, Second,, production
of jntelligent, packaging indicator label. The purified cellulose film was kept in a filter °
cloth for 24 h to decrease its water content. Half-dried cellulose was cut into 1.5 cm x4 cm
strips and pushed flat against the surface of a Pyrex glass. The cellulose was dried for 30 160
min at 70 °C until the moisture content reaches 6 percent. 35ml of The BTB indicator solu- 161
tion was then absorbed into a dry cellulose via centrifugation at 3000 rpm for 15 min. 162
When the color indicator was successfully absorbed, the BTB indicator solution imparted 163
an orange hue to the cellulose. Afterward, the cellulose was rinsed with distilled water to 164
eliminate any unbound color indicators and then dried [26,28].

<
2-2.3. production of active packaging film
First,production of garlic extract as active element. The method applied in this research 168

referred to [29] with a slight modification. garlic 500 g was peeled, washed under running

water until clean, drained, and then mashed. The minced garlic was extracted via the mac-
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weight. The suspension was heated at 50 °C for 60 min with a hot plate stirrer until thor- 300
oughly suspended. At the 50th min, 30% glycerol (w/w) was added. Additionally, the gar- 301
lic extract was added at quantities of 0% (as the control), 5%, 10%, and 15% (v/v) immedi- 302
ately after the final heating step. Subsequently, 60 g of the suspension was then placed 303
onto a glass plate and dried for 48 h at 37 °C. Finally, the suspension was cooled to room 304
temperature, removed from the glass plate, wrapped in aluminum foil, and placed ina 305

desiccator, 306 Deleted: [19,30].
2.2.4, Application of the jutelligent and active packaging indicators to fresh beef 307 [ Deleted: 5

Fresh beef tenderloin was collected from a slaughterhouse in Tamangapa Raya Makassar 308 [ Deleted: smart

1 h after the cow was slaughtered. It was immediately placed in a special food box and 309 .

put into a 38 cm x 29 cm x 30 cm Styrofoam box filled with ice crystals. The samples were 310, [Formaﬂed: Superscript

promptly transported to the laboratory and processed into 200 g/pack pieces under sterile 311
conditions_(Meat containers must be sterilized in an autoclave at 121 °C, 1 atm for 15 7312

( Deleted: smart

minutes before use). The meat was packaged in a Styrofoam tray (1.05 g/cm?) coated with 313

the active packaging film on a Styrofoam base, and a jntelligent packaging indicator label 314

was attached to the LDPE plastic wrap film that covered the Styrofoam container (Figure 315
1). The samples were maintained at room temperature (28+2 °C) with normal light expo- 316
sure for 24 h. 317

318
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(b) (© < 320

1

Figure 1. (a) Design of the jntelligent and active packaging system; (b) prototype of the intelligent /322
Jpackaging ; (c) and its application to fresh meat. /323
324
During the entire storage period, the intellignet packaging label changed its color three times that+ /325,
corresponded to three phases of the meat samples’ level of quality (Figure 1b). In phase I, its color / 326/

was orange, indicating that the meat samples were still fresh. In phase II, its color was green with 327
an orange hue, suggesting that the meat samples should be consumed immediately (Use soon). In 328
phase II1, its color was dark green, denoting that the meat samples were already spoiled (Not Fresh). /329

2.2.5, Observation parameters 330
2.2.5,1. Measurement of Intelligent Packaging Indicator Color Response on Meat, < 337

The color of the jntelligent packaging indicators was quantitatively determined using a - 332
chromameter digital color meter (T-135). Intelligent and active packaging system contain- 333
ing meat is placed on a flat black background with homogeneous lighting, The chromam- 334
eter detector was placed on the surface of the jntelligent packaging indicator, The meas- 335
urement results were expressed according to the notation of the Hunter’s Lab Colorimetric 336
System, which is presented in three values, namely L* (lightness), g* (redness), and p* (yel- 337
lowness) [31]. The color of the jntelligent packaging indicator was determined by calculat- 338
ing the °Hue value by using the formula (1) below: 1339

°Hue = tan‘lg (1) 340
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where °Hue represents the parameters for color range, g* is a red-green mixed color, and

Abj‘ is a'yeuow-blue miXxed color.

2.2.5,2. Antimicrobial activity of the active packaging films -,

The antimicrobial activity of the active packaging films was determined via the agar dif-«
fusion method. Each active packaging film was cut into 5 mm circles in a sterile environ-
ment and then placed on NA agar media with 0.1 ml of the test microorganism culture
(Staphylococcus aureus) containing 106 CFU/ml. Petri dishes were incubated for 24 h at 37

364

°C. After incubation, the inhibitory zone was measured using a caliper, this measurement
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was carried out with three replications [32]._

2.2.5,3. Determination of pH of the beef samples -

370 [

The pH of the beef samples was measured using a pH meter (Oakton pH 510). First, 5 g
of crushed meat was introduced, with 45 ml of distilled water until the mixture became

369 | Formatted: Font: Italic
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homogenous. The pH meter’s electrode was then immersed in the beef suspension until
the pH value on the monitor became constant. This measurement was carried out with

three replications.

2.2.5,4. Measurement of TVBN

Method applied in this research referred to AOAC [33]. A Conway cup with an outer di-
ameter of 10 cm and an inner diameter of 5 cm was utilized in this study. First, 30 ml of
7% TCA solution was added to a meat sample (10+0.1 g) and mixed before filtering. 1 ml

boric acid solution was placed in the “inner chamber” of the Conway dish. The lid of the
cup was placed in such a way that it almost covered the cup. The 1ml filtrate was placed

into the outer chamber of the Conway dish. Afterward, 1 ml saturated K,COj; solution was

put into the outer chamber. The cup was closed and rotated to mix the two liquids in the
outer chamber. The blank solution was prepared following the same process but with 7%
TCA instead of the filtrate. The solutions were stored at 37 °C for 2 h. Then, 2 drops of
methyl red and bromothymol blue (2:1) were added to the inner conway cup and then
titrated with 0.01 N HCl until a pink hue was formed. TVBN was calculated by formula
(2) as follows;

mg .\ _ Vc-Vby x 14.007 x df x 100
TVBN content (—1 ° og) f—)—w . 2)

where Vc is the volume of the HCI solution used in sample titration, Vb is the volume of
the HCl solution used in blank titration, N is the normality of the HCl solution, W_is the
sample’s weight (g), 14.007 is the molecular weight of nitrogen, and df js the dilution fac-
tor. This measurement was carried out with three replications.

2.2.5,5. Measurement of Total plate count
The total amount, of microorganisms was determined via the total plate count (TPC)

method described in SNI 2332.3: 2015. First, 1 g of the sample was added to a test tube
containing 9 ml of physiological solution until homogeneous (10-! dilution). The dilution
was continued until 10, at which point 1ml of the diluted sample was inoculated on NA
media in duplicate via the pour plate technique. After the media solidified, the Petri dishes
containing the media and the sample solution were incubated upside down at 30 °C for
48 h. Afterward, TPC was calculated using the formula (3) below [34]:

o
N= [(1Xn1)+ (0.1xnz))x (d) ®

where N is TPC (CFU/ml), Y'C is the number of colonies counted in all Petri dishes, n1 is
the number of colonies counted in all Petri dishes at first dilution, n2 is the number of
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colonies counted in all Petri dishes at second dilution, and d is the dilution factor corre- 436
sponding to the first dilution, 437
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2.2.6, Data analysis 438 in all Petri dishes at first dilution
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pH, TVBN, and TPC, Differences between treatments were determined using Duncan’s 441
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using Microsoft Excel 2019, SPSS 19, and Sigma Plot 12. 445
3. Results and Discussion 446
3.1. Antimicrobial activity of the active packaging films against Staphylococcus aureus 447
The antimicrobial activity of the active packaging films is presented in Figure 2. 448
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Figure 2. Antimicrobial activity of the active packaging films against S. aureus. 454 'g 1.50
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by measuring the diameter of the inhibition zone. As shown in Figure 2, the negative con- 457 030 0a
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and Reiter et al. [37], who reported that garlic extract has the ability to block microbe-
produced enzymes involved in the breakdown of proteins into volatile base chemicals.

3.4. TPC of the microbes in the beef samples

The TPC of bacteria in the meat samples was determined to assess the utility of the
active packaging films (Table 3),
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proportion of water (68%-75%), it is rich in nitrogen-containing substances of varying
complexity, it contains various fermentable carbohydrates, it is rich in minerals and es-
sential nutrients for microorganism growth, and it has a suitable pH for microorganism
growth (pH 5.3-6.5). Variance analysis revealed that the duration of storage of the meat
samples and the use of the active packaging films with garlic extract had a highly signifi-
cant effect on the TPC value of the samples (P>0.01).

3.5. Changes in the color of the jntelligent packaging BTB indicator solution as a measure of the

freshness of the meat packaged with the active packaging films

Using fresh beef packaged and maintained at room temperature for 24 h, Dirpan et+-

al. [7] determined that BTB solution (pH 2.75) produces the most readily visible color
changes to sensitivity tests. In this study, the BTB solution (pH 2.75), as the jntelligent
packaging indicator, was also utilized to evaluate changes in its color as a reflection of the
freshness of the meat samples packed with the active packaging films (Figure 3),
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During the entire storage period, the jntelligent packaging indicator changed its color

three times that corresponded to three phases of the meat samples’ level of quality (Figure *

3). In phase I, its color was orange, indicating that the meat samples were still fresh. In

phase II, its color was green with an orange hue, suggesting that the meat samples should
be consumed immediately. In phase II, its color was dark green, denoting that the meat
samples were already spoiled. The change in the indicator's color from orange to green
indicated that the quality of the meat samples had deteriorated. The changes in the indica-
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tor's color were due to the interactions of alkaline volatile compounds produced by en-
zyme activity, and the metabolism of the microorganisms present in the meat samples
increased with storage time. The early sign of spoilage was indicated by the release of
volatile alkaline compounds as the microorganisms and the enzymes degraded the nutri-
tional content of the meat samples. These compounds gradually accumulated in the pack-
aging system, causing an increase in pH, which was detected by the jntelligent packaging

indicator and displayed as gradual color changes. The change in color of the jntelligent

packaging indicator (BTB, pH 2.75) from orange to green was induced by deprotonation
or the release of a proton from the jntelligent packaging indicator dye [49].

The meat samples packaged with the active packaging films but with no (0%) and
5% garlic extract were still fresh from the start of the storage up to 8 h (Figure 3). However,
they must be immediately consumed from the 8th h to the 12th h of the storage period.
Thereafter (12-24 h of the storage period), they were already spoiled. This results was
consistent with that of TPC tests, which showed that the TPC values were above the ac-
ceptable threshold for microbial contaminants (1x106 or equivalent to 6 CFU/ml) in meat
after 12 h. By comparison, the meat samples packaged with the active packaging films
containing 10% and 15% garlic extract were still considered fresh from the start of the
storage period up to the 12th h. They must be immediately consumed when they had been
in storage for 12-16 h. Finally, they were considered rotten when they had been in storage
for 16-24 h. This result was also consistent with that of TPC tests (Table 3), which indi-
cated that at the 16th hour, the TPC value surpassed the permissible level of microbiolog-
ical contamination in beef. Statistical analysis revealed that storage duration had a very
significant effect on the Hue value, the indicator of color change in the jntelligent packag-

ing. The changes in the color of the jntelligent packaging indicator (BTB solution, pH 2.75)

when used together with the active packaging films to reflect the freshness of meat are
presented in Table 4,

Table 4, Changes in the color of the jntelligent packaging indicator (BTB solution, pH 2.75) when used together with

the active packaging films to reflect the freshness of meat.
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| Figure 4, Correlations between changes in the color of the jntelligent packaging indicator and the effects of the active packaging

films with (a) 0%; (b) 5%; () 10%; and (d) 15% garlic extract on the parameters of quality deterioration of meat stored for 24 h.

Based on Figure 4, it is known that the color change of the intelligent packaging in-
dicator which is indicated by an increase in the Hue value is in line with the increase in
all values of the meat deterioration parameter, The meat samples treated with the active

packaging films but without garlic extract and those treated with 5% garlic extract were
rotten and unfit for consumption after 12 h of storage as their Log TPC value was 7.65+0.39
and 6.20+0.00 CFU/mL, respectively, and their TVBN value was 20.67+2.68 and 16.19+0.28
mgN/100g, respectively (Figure 4). By comparison, the meat samples treated with the ac-

tive packaging films and 10% and 15% garlic extract were rotten and unfit for consump-

tion after 16 h of storage as their Log TPC value was 7.47+0.26 and 6.78+0.67 CFU/mL,

respectively, and their TVBN value was 26.41+3.31 and 25.43+4.89 mgN/100 g, respec-
tively.
Meat that was treated with active packaging film without addition (0 percent) and

with the addition of 5% garlic extract experienced a change in indicator color from orange
(fresh) with a color value of 19.6cHue and 19.20°Hue, respectively to green (rotten) with

and 19.6°Hue, respectively, to green (rotten) with color values 98.2°Hue, and 99°Hue, re-

spectively. Wiryawan [50] observed that when garlic extract was added to the active pack- |

color values 96.2°Hue and 95.6¢Hue, respectively. Meanwhile, the meat that was treated *
with active packaging film with the addition of 10 percent and 15 percent garlic extract
experienced a change in indicator color from orange (fresh) with color values 18.2°Hue 1
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the color of the jntelligent packaging indicator, compared with those of the meat without

the active packaging.
JFurthermore, the increase in the values of TPC and TVBN Jinearly correlates with the

increase in Hue value and color changes of the jntelligent packaging indicator because the

aging, the values of TPC and TVBN and the pH of the meat increased more slowly, as did

accumulated volatile base compounds raise the pH value of the packaging system, caus-
ing the jntelligent packaging indicator to experience a color shift. This explanation was in

agreement with that of Pacquit et al. [12], who applied active packaging films to cod fish.
They stated that the increase in the TPC value of cod fish has a linear correlation with
changes in the color of the cellulose-acetate packaging film sensor.

On the other hand, the pH of the sample fluctuated making it difficult to determine

the level of quality degradation in meat. However, the interpretation of the TPC and
TVBN values, on the other hand, is clear enough to represent a decrease in meat quality

which is correlated with an increase in the color value of changes in the intelligent pack-
aging indicator.

The paper concludes that intelligent packaging indicators using BTB (Bromothymol
blue) pH 2.75 solution can be used as an indicator to identify a decline in the quality of
packaged meat. The indicator's color changes is easy to observe visually, namely the or-
ange indicator indicating that the meat is still fresh and the dark green indicator indicating
that the meat has rotted and is unfit for consumption. On the other hand, the use of active
packaging can extend the shelf life of meat by 4 hours longer. Meat with active packaging
sheet treatment without addition (0 percent) and addition of 5 percent garlic extract rotted
at 12 hours of storage. Meanwhile, meat treated with active packaging sheets containing
10 percent and 15 percent garlic extract rotted after the 16th hour of storage. This demon-

strates that intelligent and active packaging, which are typically studied separately, have
the potential to be combined and researched together using the same basic ingre-dient,
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mention where that point has been achieved on each sample. Are there differences?
Thank you for your response and we greatly appreciate it. we have added some
explanation regarding our data. we hope it meets your standards

The value of the 15% at 25 h has extra space.
Thank you for your response and we greatly appreciate it. We have fixed it.

Substitute P-value by p-value (p in italics)
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obtained from considering the good correlation among the overall decay parameters
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Abstract: Combining jntelligent and active packaging serves the dual purpose of detecting color
changes in food that reflect changes in its quality and prolonging its shelf life. This study developed

sessed its ability to detect changes in the quality of packaged fresh beef. The properties of the jntel-
ligent packaging’s sensor and active packaging films were determined. The application of this sys-
tem to fresh beef stored at room temperature (2842 °C) for 24 h was tested. The color of the bromo-
thymol blue (BTB) solution (pH 2.75) in the indicator of the jntelligent packaging system changed
from orange to dark green to indicate that beef quality changed from fresh to rotten. The meat
treated with the active packaging with 10% and 15% garlic extract decayed on the 16th h. By con-
trast, the meat treated with the active packaging but without the garlic extracts rotted on the 12th h.
The shift in the indicator’s color was linearly related to the total plate count (TPC), total volatile
basic nitrogen (TVBN), and pH of the meat packaged using the active packaging system. Therefore,
BTB solution (pH 2.75) can be used as a jntelligent packaging indicator that will allow consumers to
assess the quality of packaged meat easily. As an antimicrobial agent, the addition of 10%-15% gar-
lic extract to the active packaging films can help delay the spoilage of packaged meat.

Keywords: Intelligent Sensor; Intelligent packaging; active packaging; Bacterial Cellulose; Meat

1. Introduction

Global beef consumption is predicted to rise as the world population and family in-
come increase, particularly in developing Asian countries [1-3]. By 2030, worldwide meat
consumption and availability are expected to increase by 14% and 5.9%, respectively, over
the average of the 2018-2020 period [3]. Thus, the expected increase in meat consumption
must be complemented by improvements in the quality of fresh meat produced. One as-
pect affecting the quality and characteristics of meat is the material and packaging tech-
nologies used [4]. Meat is a perishable item that rapidly spoils when stored above the
optimum temperature range (below -17-+4 °C) [5,6]. However, in traditional markets, meat

is displayed at room temperature without packaging, a practice that might accelerate mi-
crobial contamination and cause rapid quality degradation. Even in supermarkets where
meat is maintained in cold temperatures, standard meat packaging still prevent consum-
ers from subjectively determining the quality of meat. Thus, meat packaging must have
additional functions that will prevent quality degradation due to microbial contamination
and will help consumers to determine the quality of packaged meat easily [7]. Conven-
tional meat packaging can be designed to perform dual functions through jntelligent and
active packaging systems.
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ntelligent packaging is a term that refers to sensors in the form of indicators that 55 ( Deleted: Smart

monitor and provide information on the quality of the food contained within the packag- 56
ing via color changes caused by chemical reactions between the indicators and the prod- 57
ucts of microbial metabolism or changes in the chemical composition of the food [8,9]. 58
During storage, the chemical components of meat degrade into volatile compounds be- 59
cause of microbial activity, thereby increasing the value of total volatile base nitrogen 60
(TVBN) [10,11]. Accumulation of TVBN increases the pH of the packaging system, which 61

is detected by the indicator, resulting in a visible color shift in the indicator [11,12]. Intel- 62 ( Deleted: Smart

ligent packaging allows easier monitoring of packed products during transportation and 63
storage [7]. Moreover, it provides a more accurate estimate of product condition than con- 64
ventional expiration labels [12]. Color-based pH indicator solutions are widely used as 65
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cator dye for mangoes. Hidayat et al. [14] used two types of color indicators with prede- 7

termined concentrations, namely, phenol red and bromothymol blue, to assess the fresh- 68 Deleted: smart

ness of meat packaging. Intelligent packaging indicators based on natural pigments are 69 Deleted: Smart

being developed, such as jntelligent packaging films that include anthocyanin-loaded 70

Lycium ruthenicum nanocomplexes in starch/polyvinyl alcohol mixtures (PVA) [15], as 71 Deleted: smart
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well as anthocyanins from saffron petals immobilized in chitosan nanofibers and methyl 72
cellulose matrix [16]. 73

Active packaging refers to the integration of particular additives into a packaging 74
system for the purpose of extending the shelf life, preserving the quality, and ensuring 75
the safety of food products. Antimicrobial agents are used as components of active pack- 76
aging additives to extend product shelf life. The volatile bioactive compounds in active 77
packaging evaporate or diffuse onto the food surface, where they limit the growth of path- 78
ogenic microbes and thus delay spoilage [17,18]. This strategy is more effective than coat- 79
ing bioactive compounds onto the food surface [19]. The safest, cheapest, and most readily 80
available antimicrobial agents for use in active packaging are essential oils. Pranoto et al. ~ 81
[20] produced antimicrobial alginate edible films by incorporating the essential oils of gar- 82
lic. They reported that these films substantially inhibited the growth of Staphylococcus 83
aureus and Bacillus cereus in meat. Vishnu et al. [21] utilized the essential oils of Plectran- 84
thus amboinicus in a chitosan-based active packaging to restrict antimicrobial activity. 85

Intelligent and active packaging can be merged into a single packaging system. Jul- 86 Deleted: Smart

yaningsih et al. [22] combined a jntelligent packaging system based on methyl red-bro- 87
mothymol blue (BTB) indicator with an active packaging system based on lemongrass oil ~ 88
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as a component of tuna fish fillet packaging. Yao et al. [23] developed an active and jntel- 89 Deleted: smart

ligent packaging system based on starch, PVA, and betacyanins from various types of 90

plants for shrimp packaging. In general, an active packaging that contains antimicrobial 91 Deleted:

agents and a jntelligent packaging that contains indicator solutions are immobilized ina 92
polymer. Compared with synthetic polymers or plant cellulose, the bacterial cellulose fer- 93

Deleted: smart

mented by Acetobacter xylinum has a unique nanofibrillar structure and superior physical 94 Deleted: plant cellulose or

properties, suggesting that it has the potential to serve as a basis for developing a jntelli- 95 -
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gent and active packaging system [24,25]. Bacterial cellulose has received interest as a 96

component of active packaging owing to its biodegradability, high water-holding capacity 97 Deleted: smart

so that it can be employed entirely as a polymer for immobilizing color solutions in intel- 98
ligent packaging indicators [26], Besides, bacterial cellulose possess great potential as an 99
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antimicrobial agent carrier in order for it to be utilized as an ingredient in the production 100
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of active packaging films J27]. 101"
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The development of packaging systems with additional functions is advancing. To 102
promote this innovation, this study aimed to maximize the potential of jntelligent and 103
active packaging by combining them into a single packaging system based on a bacterial 104
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2. Materials and Methods 126
2.1. Materials 127

The main ingredients used in the jntelligent and active packaging system developed -1
herein were the bacterial cellulose produced by A. xylinum, which was fermented in nat- /{29
ural media of coconut water. Beef tenderloin was purchase, from a slaughterhouse in Ta- / 130
mangapa Raya. Coconut water and garlic (Allium sativum) were purchased from a local 131
market. Food-grade ammonium sulfate (CAS Number: 7783-20-2), yeast extract (Merck, 132

CAS Number: 8013-01-2), 96% acetic acid (Brenntag Inc, CAS No: 64-19-7), A. xylinum cul- 133

ture, 5% 1 N NaOH (Brenntag Inc, CAS No: 1310-73-2), sucrose, Bromothymol blue (BTB, 134
Merck, CAS No: 76-59-5), alcohol, aquabides, aquades, Tashiro’s indicator (0.1% methyl 135
red and 0.1% BTB at a ratio of 2:1), 7% trichloroacetic acid (TCA, Merck), nutrient Agar 136
(NA, Merck), glycerol (Merck, CAS No: 56-81-5), food-grade carboxymethyl—cellulose 137
(CMC) (Foodchem, E466), and corn starch were used. 138

2.2. Methods

2.2.1. production of bacterial cellulose from A. xylinum

Based on our previous research Dirpan et al. [7], 5% (w/v) of food grade Ammonium Sul-
fate is the best source of Nitrogen in Acetobacter xylinum growth media to produce opti-
mal bacterial cellulose membranes. Determination of the composition and type of Nitro-
gen source, Then, purification of bacterial cellulose by removed from the fermentation / 1
medium, rinsed in running water, and then soaked for 2 days with periodic water 145
changes. The cellulose was also soaked in 70% alcohol for 1 min, heated to 100 °C in dis- “1‘46
tilled water for 20 min, and reheated in 1 N 5% NaOH solution at 100 °C for 60 min to ‘3“147
remove the remaining bacterial cells and substrate attached to the cellulose layer. After- | 148
ward, the cellulose was rinsed with running water and soaked in periodically changed | 149
water for 24 h until pH reached 7. The purified cellulose appeared transparent [7], | 150

<. 151

2.2.2, Production of intelligent packaging 5
First, preparation of the indicator solutio:
study because a previous work established this solution as the indicator with the most
visually identifiable color change reaction [7]. First, 1% BTB solution (b/v) was prepared
in 95% ethanol. Then, the pH of the BTB solution was decreased to 2.74 by adding 20%
acetic acid. Finally, the BTB solution was stored in a closed container, Second, production
of jntelligent packaging indicator label. The purified cellulose film was kept in a filter
cloth for 24 h to decrease its water content. Half-dried cellulose was cut into 1.5 cm x 4 cm
strips and pushed flat against the surface of a Pyrex glass. The cellulose was dried for 30 160
min at 70 °C until the moisture content reaches 6%. 35 mL of The BTB indicator solution 161

was then absorbed into a dry cellulose via centrifugation at 3000 rpm for 15 min. When 162

the color indicator was successfully absorbed, the BTB indicator solution imparted an or- 163
ange hue to the cellulose. Afterward, the cellulose was rinsed with distilled water to elim- 164
inate any unbound color indicators and then dried [26,28].

2.2.3. production of active packaging film 167
First, production of garlic extract as active element. The method applied in this research 168
referred to Yolanda et al. [29] with a slight modification. garlic 500 g was peeled, washed 169

TB indicator solution was chosen for this - ‘153 :
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tracted via the maceration method by immersing the finely ground garlic in 96% alcohol
at a ratio of 1:4 (garlic:alcohol) for 4 days at 3-5 °C and periodically homogenized using a

Deleted: ...P

: [Formatted: Font: Not Italic

BB

water bath shaker. Afterward, the extract was filtered using a filter paper and then con-
centrated using a rotary evaporator at 50 rpm at 40 °C to obtain a thick extract, Second,
production of active packaging film. The method used referred to Iriani et al. and Indrarti

175

Deleted:

[Formatted Font: Not Italic

etal. [19,30] with a slight modification. The bacterial cellulose was crushed to form a cel-
lulose pulp, A cellulose suspension was prepared using 30% chitosan (w/w), 10% CMC 177

176 (Formatted

= =
— o
= =

N

(

Deleted: slurry, and all pretreatme

=
N
—




Sensors 2021, 21, x FOR PEER REVIEW 4 of 16

L

(w/w), and 15% corn starch (w/w) of cellulose dry weight. The suspension was heated at
50 °C for 60 min with a hot plate stirrer until thoroughly suspended. At the 50th min, 30%
glycerol (w/w) was added. Additionally, the garlic extract was added at quantities of 0%
(as the control), 5%, 10%, and 15% (v/v) immediately after the final heating step. Subse-
quently, 60 g of the suspension was then placed onto a glass plate and dried for 48 h at 37
°C. Finally, the suspension was cooled to room temperature, removed from the glass plate,
wrapped in aluminum foil, and placed in a desiccator,,

2.2.4, Application of the jntelligent and active packaging indicators to fresh beef

Fresh beef tenderloin was collected from a slaughterhouse in Tamangapa Raya Makassar
1 h after the cow was slaughtered. It was immediately placed in a special food box and
put into a 38 cm x 29 cm x 30 cm Styrofoam box filled with ice crystals. The samples were
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promptly transported to the laboratory and processed into 200 g/pack pieces, The meat

was packaged in a Styrofoam tray (1.05 g/cm?) coated with the active packaging film on a
Styrofoam base, and a jntelligent packaging indicator label was attached to the LDPE plas-

tic wrap film that covered the Styrofoam container (Figure 1). The samples were main-
tained at room temperature (28+2 °C) with normal light exposure for 24 h,
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Figure 1. (a) Design of the jntelligent and active packaging system; (b) prototype of the intelligent

F

Jpackaging ; (c) and its application to fresh meat.
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During the entire storage period, the intellignet packaging label changed its color three+

times that corresponded to three phases of the meat samples’ level of quality (Figure 1b).
In phase [, its color was orange, indicating that the meat samples were still fresh. In phase
I, its color was green with an orange hue, suggesting that the meat samples should be
consumed immediately (Use soon). In phase III, its color was dark green, denoting that
the meat samples were already spoiled (Not Fresh).

2.2.5, Observation parameters

2.2.5,1. Measurement of Intelligent Packaging Indicator Color Response on Meat, <33

The color of the jntelligent packaging indicators was quantitatively determined using a
chromameter digital color meter (T-135). Intelligent and active packaging system contain-

ing meat is placed on a flat black background with homogeneous lighting, The chromam-
eter detector was placed on the surface of the jntelligent packaging indicator, The meas-

urement results were expressed according to the notation of the Hunter’s Lab Colorimetric
System, which is presented in three values, namely L* (lightness), g* (redness), and p* (yel-

lowness) [31]. The color of the jntelligent packaging indicator was determined by calculat-
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where °Hue represents the parameters for color range, g* is a red-green mixed color, and

Lb; s a'yellow-blue mixed color.

2.2.5,2. Antimicrobial activity of the active packaging films -

The antimicrobial activity of the active packaging films was determined via the agar dif-«
fusion method. Each active packaging film was cut into 5 mm circles in a sterile environ-
ment and then placed on NA agar media with 0.1 mL of the test microorganism culture

37
374 [
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(Staphylococcus aureus) containing 108 CFU/mL. Petri dishes were incubated for 24 h at 37

376

°C. After incubation, the inhibitory zone was measured using a caliper, this measurement
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was carried out with three replicates [32]._

2.2.5,3. Determination of pH of the beef samples <
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The pH of the beef samples was measured using a pH meter (Oakton pH 510). First, 5 g
of crushed meat was introduced, with 45 mL of distilled water until the mixture became

homogenous. The pH meter’s electrode was then immersed in the beef suspension until
the pH value on the monitor became constant. This measurement was carried out with

three replicates.

2.2.5,4. Measurement of TVBN

", 382

The method applied in this research referred to AOAC [33]. A Conway cup with an outer
diameter of 10 cm and an inner diameter of 5 cm was utilized in this study. First, 30 mL
of 7% TCA solution was added to a meat sample (10+0.1 g) and mixed before filtering. 1
mL boric acid solution was placed in the “inner chamber” of the Conway dish. The lid of
the cup was placed in such a way that it almost covered the cup. The 1 mL filtrate was
placed into the outer chamber of the Conway dish. Afterward, 1 mL saturated K;CO; so-

~386 [
387.

lution was put into the outer chamber. The cup was closed and rotated to mix the two
liquids in the outer chamber. The blank solution was prepared following the same process
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but with 7% TCA instead of the filtrate. The solutions were stored at 37 °C for 2 h. Then, 2
drops of methyl red and bromothymol blue (2:1) were added to the inner conway cup and
then titrated with 0.01 N HCI until a pink hue was formed. TVBN was calculated by for-
mula (2) as follows;

©397

mg \ _ Vc-Vby x 14.007 x df x 100
TVBN content (—1 OOg) f—)—w . ?2)

where Vc is the volume of the HCl solution used in sample titration, Vb is the volume of
the HCl solution used in blank titration, N is the normality of the HCl solution, W_is the

sample’s weight (g), 14.007 is the molecular weight of nitrogen, and df js the dilution fac-

tor. This measurement was carried out with three replicates.

2.2.5,5. Measurement of Total plate count

The total amount, of microorganisms was determined via the total plate count (TPC)
method described in SNI 2332.3: 2015. First, 1 g of the sample was added to a test tube
containing 9 mL of physiological solution until homogeneous (10~ dilution). The dilution

. 406

was continued until 106, at which point 1 mL of the diluted sample was inoculated on NA
media in duplicate via the pour plate technique. After the media solidified, the Petri dishes
containing the media and the sample solution were incubated upside down at 30 °C for
48 h. Afterward, TPC was calculated using the formula (3) below [34]:

N=— 3 ®)

T [xmay+ (0.1xnz))x (d)

where N is TPC (CFU/ml), Y C is the number of colonies counted in all Petri dishes, n1 is
the number of colonies counted in all Petri dishes at first dilution, n2 is the number of
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colonies counted in all Petri dishes at second dilution, and d is the dilution factor corre- 468
sponding to the first dilution, 469
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2.2.6, Data analysis 470 in all Petri dishes at first dilution

ANOVA was used to analyze the parameters of the jntelligent packaging indicator, anti- 471
microbial activity of the active packaging films, and quality of the beef samples, including 472
pH, TVBN, and TPC, Differences between treatments were determined using Duncan’s 473
test. The correlations between the changes in the color of the jntelligent packaging indica- 474
tor and the effects of the active packaging on all parameters of meat spoilage were ex- 475
plored and presented in graphs by using the Sigma Plot 12 software. Data were analyzed 476
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using Microsoft Excel 2019, SPSS 19, and Sigma Plot 12. 477
3. Results and Discussion 478
3.1. Antimicrobial activity of the active packaging films against Staphylococcus aureus 479
The antimicrobial activity of the active packaging films is presented in Figure 2. 480
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JFigure 2. Antimicrobial activity of the active packaging films against S. aureus. 5 150
5 1.00
The antimicrobial activity of the active packaging films against S. aureus was assessed £
by measuring the diameter of the inhibition zone. As shown in Figure 2, the negative con- 050 0a
trol did not generate an inhibitory zone. However, when high concentrations of the garlic 0.00
extract were added to the active packaging films, the inhibitory activity against the bacte- Negative control 5%

ria increased, although the inhibition zone was not significantly different between 10% Active packaging films added
and 15% garlic extract. This study demonstrated that 10%-15% garlic extract has antibac-
terial effects. According to Maroles gt al. [35], djfferences in the diameter of inhibitory
zones are influenced by the ability and rate of diffusion of antimicrobial compounds in
the medium, the growth rate of microorganisms and their sensitivity to antimicrobial *: 4
chemicals, and the viscosity and thickness of the medium.

The antibacterial effects of garlic extract are due to allicin, which is generated when
garlic is damaged. When the flesh of garlic is damaged during the refining process, allicin
is rapidly generated because of the release of alliinase, which reacts with nonprotein
amino acids, namely, alliin. Allicin is a part of the defense mechanism of garlic that exerts
antimicrobial effects on both Gram-positive and Gram-negative bacteria by inhibiting
RNA and lipid syntheses, which in turn inhibit the production of amino acids and proteins
and the phospholipid bilayer of bacterial cell wall, thereby preventing bacterial growth
and development. Allicin is highly permeable and can easily penetrate bacterial cells
across the cell membrane. The thiosulfinate S(=0)S group in allicin then binds to the
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The pH of the beef samples was measured to investigate the effects of the active pack- 529 65
aging films as the meat base in the packaging system. The beef samples were stored at ' 530 o4
room temperature for 24 h. The results of pH measurements are shown in Table 1, /531 ’
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3.3. TVBN of the meat samples %ED 50
The TVBN values of the meat samples are presented in Table =z 40
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A statistical test revealed a highly significant difference between the active packaging

(0.004<0.005) and storage time (0.000<0.005) on the TVBN value. However, the statistical §

test results of the interaction between active packaging and storage time (0.986>0.005), on
the other hand, did not show a significant effect on the TVBN value (Table 2). At 0 h, all

meat samples had TVBN values ranging from 7.23 mgN/100 g to 8.35 mgN/100 g (Table
2), Therefore, they were classified as fresh meat. After 12 h of storage, the meat samples
that had not been treated with the active packaging films had a TVBN value of 20.67 mg

N/100g, indicating that they were rotten. By comparison, the meat samples treated with

)
|

the active packaging films and added with 5%, 10%, and 15% garlic extract had TVBN ° i

values of 16.19, 17.31, and 16.61 mgN/100 g, respectively. Thus, they were categorized as
semi-fresh meat (stale meat) or could still be consumed. ]

However, the TVBN values of all meat samples taken between the 16th and 24th h of«:
storage exceeded the threshold for food-grade beef, demonstrating that adding 5%, 10%,
and 15% garlic extract to the active packaging films effectively reduced the amount of

TVBN_indicated by the increase in TVBN values respectively 29.21%, 16.41%, and 25.3%

which showed the higher the concentration of garlic extract in the active packaging, the ||
less the TVBN production increase. On the other hand, meat samples that were not treated |:

active packaging film treatment had a 29.91 %,rise in TVBN value, Beef or livestock is con-
sidered fresh if the TVBN value is less than 15 mg/100 g [41] or TVBN is <10 mg N/100 g
[42]. Moreover, SNI 2354.8:2009 by National Standardization Agency of Indonesia (BSN)
[43] states that the standard levels of TVBN fit for consumption is 20-30 mg N/100g,

In this study, the values of TVBN increased throughout the storage period (observed |

every 4 h), indicating that the meat's quality continued to deteriorate owing to the break-
down of proteins into volatile base compounds, According to Bekhit et al. [10], the in-
crease in TVBN value is due to protein degradation by microorganisms that results in the l‘
formation of foul-smelling chemicals, such as ammonia (NHs), basic skatole and indole ‘
compounds, mercaptans and H:S (which are weak acids), and amines and cadaverin |
(which are strong bases). The results demonstrated that the addition of garlic extract to H
the active packaging films delayed the spoiling of the meat samples likely because the W
garlic’s active components prevented microbial development, thereby lowering the syn-
thesis of nitrogenous base compounds in the meat caused by bacteria and autolytic en- |
zymes during the rotting process. This conjecture was supported by Al Hakim et al. [44] |
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and Reiter et al. [37], who reported that garlic extract has the ability to block microbe- 8§03
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The TPC of bacteria in the meat samples was determined to assess the utility of the
active packaging films (Table 3),

Table 3. Total plate count (TPC) of packed meat stored at room temperature for 24 h.

A

Storage ti Addition of garlic extract to the active packaging film
g 1m
< = 0% 5% 10% 15% Average

807 ;[Formatted

";808 [Formatted

Formatted

S=E=EI=E=E=E] =
allallan| o]l || |@

10.04+0.58 830£1.35 7574060 828+0.06 855£1.08 <

) log UFC/mL ; Formatted

0 253+0.64 253064 2.53+0.64 253+£064 2.53+£0.000 < Formatted

4 5184020 4.64+0.16 3.834+030 391+0.10 439+0.64> =, Formatted

8 543 £0.21 533£0.07 483£040 5.04+0.06 5.16%£0.27¢ ‘\

12 7.65 +0.39 6.20 +0.00 551+£010 534+008 6.18+1.05¢ < \ Formatted . [166]
16 8.89+0.67 7.44+0.03 747+026  6.78+0.67 7.64+0.89: <« :'[Formatted [167]
20

24

1036 £0.15 9.53 £0.39 9.44 +0.68 9254003 9.65+0498 <

Average 7154289 628+237°> 5.88+2412 5.884+2.39 h

The mean value followed by different letters showed a significant difference based on the Dun- <«

can's test at the 5% level (p-value < 0.05).

A statistical test revealed a highly significant difference between the active pack-ag-
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complexity, it contains various fermentable carbohydrates, it is rich in minerals and es-
sential nutrients for microorganism growth, and it has a suitable pH for microorganism
growth (pH 5.3-6.5). Variance analysis revealed that the duration of storage of the meat
samples and the use of the active packaging films with garlic extract had a highly signifi-
cant effect on the TPC value of the samples (P>0.01).

3.5. Changes in the color of the jntelligent packaging BTB indicator solution as a measure of the
freshness of the meat packaged with the active packaging films

Using fresh beef packaged and maintained at room temperature for 24 h, Dirpan et«
al. [7] determined that BTB solution (pH 2.75) produces the most readily visible color
changes to sensitivity tests. In this study, the BTB solution (pH 2.75), as the jntelligent
packaging indicator, was also utilized to evaluate changes in its color as a reflection of the
freshness of the meat samples packed with the active packaging films (Figure 3),
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JFigure 3, Changes in the color of the BTB solution (pH 2.75) as the jntelligent packaging indicator

(b) 5%; (c) 10%; and (d) 15% of garlic extract.

During the entire storage period, the jntelligent packaging indicator changed its color
three times that corresponded to three phases of the meat samples’ level of quality (Figure
3). In phase I, its color was orange, indicating that the meat samples were still fresh. In
phase II, its color was green with an orange hue, suggesting that the meat samples should
be consumed immediately. In phase III, its color was dark green, denoting that the meat
samples were already spoiled. The change in the indicator's color from orange to green
indicated that the quality of the meat samples had deteriorated. The changes in the indica-
tor's color were due to the interactions of alkaline volatile compounds produced by en-
zyme activity, and the metabolism of the microorganisms present in the meat samples
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Table 4, Changes in the color of the ntelligent packaging indicator (BTB solution, pH 2.75) when used together with _
the active packaging films to reflect the freshness of meat.

increased with storage time. The early sign of spoilage was indicated by the release of
volatile alkaline compounds as the microorganisms and the enzymes degraded the nutri-
tional content of the meat samples. These compounds gradually accumulated in the pack-
aging system, causing an increase in pH, which was detected by the jntelligent packaging
indicator and displayed as gradual color changes. The change in color of the jntelligent
packaging indicator (BTB, pH 2.75) from orange to green was induced by deprotonation
or the release of a proton from the jntelligent packaging indicator dye [47].

The meat samples packaged with the active packaging films but with no (0%) and
5% garlic extract were still fresh from the start of the storage up to 8 h (Figure 3). However,
they must be immediately consumed from the 8th h to the 12th h of the storage period.
Thereafter (12-24 h of the storage period), they were already spoiled. This results was
consistent with that of TPC tests, which showed that the TPC values were above the ac-
ceptable threshold for microbial contaminants (1x10¢ or equivalent to 6 CFU/mL) in meat
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containing 10% and 15% garlic extract were still considered fresh from the start of the
storage period up to the 12th h. They must be immediately consumed when they had been
in storage for 12-16 h. Finally, they were considered rotten when they had been in storage
for 16-24 h. This result was also consistent with that of TPC tests (Table 3), which indi-
cated that at the 16th hour, the TPC value surpassed the permissible level of microbiolog-
ical contamination in beef. Statistical analysis revealed that storage duration had a very
significant effect on the Hue value, the indicator of color change in the jntelligent packag-

ing. The changes in the color of the jntelligent packaging indicator (BTB solution, pH 2.75)

when used together with the active packaging films to reflect the freshness of meat are
presented in Table 4,
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Figure 4, Correlations between changes in the color of the jntelligent packaging indicator and the effects of the active packaging
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4. Conclusions «
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Abstract: Combining intelligent and active packaging serves the dual purpose of detecting color
changes in food that reflect changes in its quality and prolonging its shelf life. This study developed
an intelligent and active packaging system made from the cellulose of Acetobacter xylinum and as-
sessed its ability to detect changes in the quality and to increase shelf-life of packaged fresh beef.

The properties of the intelligent packaging’s sensor and active packaging films were determined.
The application of this system to fresh beef stored at room temperature (28 + 2 °C) for 24 h was
tested. The color of the bromothymol blue (BTB) solution (pH 2.75) in the indicator of the intelligent
packaging system changed from orange to dark green to indicate that beef quality changed from
fresh to rotten. The meat treated with the active packaging with 10% and 15% garlic extract decayed
on the 16/ h. In contrast, the meat treated with the active packaging without the garlic extracts rotted
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on the 12! h. The shift in the indicator’s color was linearly related to the total plate count (TPC),

total volatile basic nitrogen (TVBN), and pH of the meat packaged using the active packaging sys-
tem. Therefore, BTB solution (pH 2.75) can be used as an intelligent packaging indicator that will
allow consumers to assess the quality of packaged meat easily. As an antimicrobial agent, the addi-

tion of 10-15% garlic extract to the active packaging films can help delay the spoilage of packaged
beef.
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1. Introduction

Global beef consumption is predicted to rise as the world population and family in-
come increase, particularly in developing Asian countries [1-3]. By 2030, worldwide meat
consumption and availability are expected to increase by 14% and 5.9%, respectively, over
the average of the 2018-2020 period [3]. Thus, the expected increase in meat consumption
must be complemented by improvements in the quality of fresh meat produced. One as-
pect affecting the quality and characteristics of meat is the material and packaging tech-
nologies used [4]. Meat is a perishable item that rapidly spoils when stored above the
optimum temperature range (below -17_to 4 °C) [5,6]. However, in traditional markets,
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meat is displayed at room temperature without packaging, a practice that might acceler-
ate microbial contamination and cause rapid quality degradation. Even in supermarkets
where meat is maintained in cold temperatures, standard meat packaging still prevents
consumers from subjectively determining the quality of meat. Thus, meat packaging must
have additional functions that will prevent quality degradation due to microbial contam-
ination and will help consumers to determine the quality of packaged meat easily [7].
Conventional meat packaging can be designed to perform dual functions through intelli-
gent and active packaging systems.
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Intelligent packaging is a term that refers to sensors in the form of indicators that
monitor and provide information on the quality of the food contained within the packag-
ing via color changes caused by chemical reactions between the indicators and the prod-
ucts of microbial metabolism or changes in the chemical composition of the food [8,9].
During storage, the chemical components of meat degrade into volatile compounds be-
cause of microbial activity, thereby increasing the value of total volatile base nitrogen
(TVBN) [10,11]. Accumulation of TVBN increases the pH of the packaging system, which
is detected by the indicator, resulting in a visible color shift in the indicator [11,12]. Intel-
ligent packaging allows easier monitoring of packed products during transportation and
storage [7]. Moreover, it provides a more accurate estimate of product condition than con-
ventional expiration labels [12]. Color-based pH indicator solutions are widely used as
intelligent indicators. Dirpan et al. [13] developed bromophenol blue as an intelligent in-
dicator dye for mangoes. Hidayat et al. [14] used two types of color indicators with pre-
determined concentrations, namely, phenol red and bromothymol blue, to assess the
freshness of meat packaging. Intelligent packaging indicators based on natural pigments
are being developed, such as intelligent packaging films that include anthocyanin-loaded
Lycium ruthenicum nanocomplexes in starch/polyvinyl alcohol mixtures (PVA) [15], as
well as anthocyanins from saffron petals immobilized in chitosan nanofibers and methyl
cellulose matrix [16].

Active packaging refers to the integration of particular additives into a packaging
system for the purpose of extending the shelf life, preserving the quality, and ensuring
the safety of food products. Antimicrobial agents are used as components of active pack-
aging additives to extend product shelf life. The volatile bioactive compounds in active
packaging evaporate or diffuse onto the food surface, where they limit the growth of mi-
crobes and thus delay spoilage [17,18]. This strategy is more effective than coating bioac-
tive compounds onto the food surface [19]. The safest, cheapest, and most readily availa-
ble antimicrobial agents for use in active packaging are essential oils. Pranoto et al. [20]
produced antimicrobial alginate edible films by incorporating the essential oils of garlic.
They reported that these films substantially inhibited the growth of Staphylococcus aureus

and Bacillus cereus in meat. Vishnu et al. [21] utilized the essential oils of Plectranthus am-

boinicus in a chitosan-based active packaging to restrict antimicrobial activity.

Intelligent and active packaging can be merged into a single packaging system. Jul-
yaningsih et al. [22] combined an intelligent packaging system based on methyl red and
Jbromothymol blue (BTB) indicator with an active packaging system based on lemongrass

oil as a component of tuna fish fillet packaging. Yao et al. [23] developed an active and
intelligent packaging system based on starch, PVA, and betacyanins from various types
of plants for shrimp packaging. In general, an active packaging that contains antimicrobial
agents and an intelligent packaging that contains indicator solutions are immobilized in a
polymer. Compared with synthetic polymers or plant cellulose, the bacterial cellulose fer-
mented by Acetobacter xylinum has a unique nanofibrillar structure and superior physical
properties, suggesting that it has the potential to serve as a basis for developing an intel-
ligent and active packaging system [24,25]. Bacterial cellulose has received interest as a
component of active packaging owing to its biodegradability, high water-holding capacity
so that it can be employed entirely as a polymer for immobilizing color solutions in intel-
ligent packaging indicators [26]. Moreover, bacterial cellulose possess great potential as
an antimicrobial agent carrier in order for it to be utilized as an ingredient in the produc-
tion of active packaging films [27].

The development of packaging systems with additional functions is advancing. To
promote this innovation, this study aimed to maximize the potential of intelligent and
active packaging by combining them into a single packaging system based on a bacterial
cellulose membrane biopolymer to enhance the quality of packaged meat and help con-
sumers to determine meat freshness easily.
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2. Materials and Methods
2.1. Materials

The main ingredients used in the intelligent and active packaging system developed
herein were the bacterial cellulose produced by A. xylinum, which was fermented in nat-
ural media of coconut water. Beef tenderloin was purchased from a slaughterhouse in
Tamangapa Raya. Coconut water and garlic (Allium sativum) were purchased from a local
market. Food-grade ammonium sulfate (Lianyungang Zhonghong Chemical Co., Ltd.

iangsu, China, CAS No; 7783-20-2), yeast extract (JMerckLrDarrmstVadt Germany, CAS Ng; ) Commented [M17]: Please state manufacturer,
8013-01-2), 96% acetic acid (Brenntag Inc, Essen, Germany, CAS No: 64-19-7), A. xylinum *_ K .
culture, 5% 1 N NaOH (Brenntag Inc, CAS No: 1310-73-2), sucrose, Bromothymol Blue ) city and country from where equipment has been
(BTB) (Merck, Darmstadt, Germany, CAS No: 76-59-5), alcohol (Sd Fine Chem Limited sourced.

Chennai, Tamil Nadu, India), aquabides, aquades_ (Rofa Laboratorium Centre, Bandung, 3

Indonesia) Tashiro’s indicator (0.1% Methyl Red [Merck, Darmstadt, Germany, Cas No:
493-52-7] and 0.1% BTB at a ratio of 2:1), 7% trichloroacetic acid (TCA) (Merck, Darmstadt,
Germany,), Nutrient Agar (NA) (Merck, Darmstadt, Germany,), glycerol (Merck, Darm-
stadt, Germany, CAS No: 56-81-5), food-grade carboxymethyl—cellulose (CMC) (Food- ‘'
chem, Shanghai, China, F466), and corn starch were used. 3
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2.2. Methods

2.2.1. Production of Bacterial Cellulose from A. xylinum Deleted:,

Based on our previous research Dirpan et al. [7], 5% (w/v) of food grade Ammonium
Sulfate is the best source of Nitrogen in Acetobacter xylinum growth media to produce op-
timal bacterial cellulose membranes. Determination of the composition and type of Nitro-
gen source. Then, [purification of bacterial cellulose was done by removal from the fer-
mentation medium, rinsed in running water, and then soaked for 2 days with periodic
water changes. The cellulose was also soaked in 70% alcohol for 1 min, heated to 100 °C
in distilled water for 20 min, and reheated in 1 N 5% NaOH solution at 100 °C for 60 min
to remove the remaining bacterial cells and substrate attached to the cellulose layer. Af-
terward, the cellulose was rinsed with running water and soaked in periodically changed
water for 24 h until pH reached 7. The purified cellulose appeared transparent [7].
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First, preparation of the indicator solution. BTB indicator solution was chosen for this
study because a previous work established this solution as the indicator with the most
visually identifiable color change reaction [7]. First, 1% BTB solution (b/v) was prepared -
in 95% ethanol. Then, the pH of the BTB solution was decreased to 2.74 by adding 20% ‘ Commented [IK9R8]: we confirmed that we agree
acetic acid. Finally, the BTB solution was stored in a closed container. Second, production with the change
of intelligent packaging indicator label. The purified cellulose film was kept in a filter cloth
for 24 h to decrease its water content. Half-dried cellulose was cut into 1.5 cm x 4 cm strips
and pushed flat against the surface of a Pyrex glass. The cellulose was dried for 30 min at
70 °C until the moisture content reaches 6%. A total of 35 mL of I BTB indicator solution
was then absorbed into a dry cellulose via centrifugation at 3000 rpm for 15 min. When
the color indicator was successfully absorbed, the BTB indicator solution imparted an or-
ange hue to the cellulose. Afterward, the cellulose was rinsed with distilled water to elim-
inate any unbound color indicators and then dried [26,28].
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2.2.3. Production of Active Packaging Film

[First, the production of garlic extract as an active element. The method applied in this (Formatted: Not Highlight ]
research referred to Yolanda et al. [29] with a slight modification. A total of 500 g of garlic
was peeled, washed under running water until clean, drained, and then mashed. The
minced garlic was extracted via the maceration method by immersing the finely ground
garlic in 96% alcohol at a ratio of 1:4 (garlic: alcohol) for 4 days at 3-5 °C and periodically
homogenized using a water bath shaker. Afterward, the extract was filtered using a filter
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paper and then concentrated using a rotary evaporator at 50 rpm at 40 °C to obtain a thick
extract. Second, production of active packaging film. The method used referred to Iriani
et al. and Indrarti et al. [19,30] with a slight modification. The bacterial cellulose was
crushed to form a cellulose pulp. A cellulose suspension was prepared using 30% chitosan
(w/w), 10% CMC (w/w), and 15% corn starch (w/w) of cellulose dry weight. The suspension
was heated at 50 °C for 60 min with a hot plate stirrer until thoroughly suspended. At the
50th min, 30% glycerol (w/w) was added. Additionally, the garlic extract was added at
quantities of 0% (as the control), 5%, 10%, and 15% (v/v) immediately after the final heat-
ing step. Subsequently, 60 g of the suspension was then placed onto a glass plate and dried
for 48 h at 37 °C. Finally, the suspension was cooled to room temperature, removed from
the glass plate, wrapped in aluminum foil, and placed in a desiccator.

2.2.4. Application of the Intelligent and Active Packaging Indicators to Fresh Beef

Fresh beef tenderloin was collected from a slaughterhouse in Tamangapa Raya Ma-
kassar 1 h after the cow was slaughtered. It was immediately placed in a special food box
and put into a 38 cm x 29 cm x 30 cm Styrofoam box filled with ice crystals. The samples
were promptly transported to the laboratory and processed into 200 g/pack pieces. The
meat was packaged in a Styrofoam tray (1.05 g/cm?) coated with the active packaging film
on a Styrofoam base, and an intelligent packaging indicator label was attached to the
LDPE plastic wrap film that covered the Styrofoam container (Figure 1c). The samples
were maintained at room temperature (28 + 2 °C) with normal light exposure for 24 h.

[ Wrap plastic LOPE ]

e 1
— ‘ Smart Packagng
S indicatorfsensor
I
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(@

—
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Figure 1. (a) Design of the intelligent and active packaging system; (b) prototype of the intelligent
packaging ; (c) and its application on, fresh beef,

During the entire storage period, the intelligent packaging label changed its color
three times that corresponded to three phases of the meat samples’ level of quality (Figure
1b). In phase I, its color was orange, indicating that the meat samples were still fresh. In
phase II, its color was green with an orange hue, suggesting that the meat samples should
be consumed immediately (Use soon). In phase III, its color was dark green, denoting that
the meat samples were already spoiled (Not Fresh).

2.2.5. Observation Parameters

Measurement of Intelligent Packaging Indicator Color Response on Meat

The color of the intelligent packaging indicators was quantitatively determined using
a chromameter digital color meter (T-135). Intelligent and active packaging system con-
taining meat is placed on a flat black background with homogeneous lighting. The
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chromameter detector was placed on the surface of the intelligent packaging indicator.
The measurement results were expressed according to the notation of the Hunter’s Lab
Colorimetric System, which is presented in three values, namely L* (lightness), a* (red- (Formatted: Font: Not Italic
ness), and pb* (yellowness) [31]. The color of the intelligent packaging indicator was deter-

mined by calculating the Hue value by using the formula (1) below: ‘
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where Hue (360 degrees in a circle) represents the parameters for color range, a* is a red- :

green mixed color, and b* is a yellow-blue mixed color.

Hue (degrees) = tan™! :—j 1)

AN A A

| commented [M510]: We removed the bold. Please

confirm this revision.

Antimicrobial Activity of the Active Packaging Films

The antimicrobial activity of the active packaging films was determined via the agar Stz U e vee gonimne e vre

diffusion method. Each active packaging film was cut into 5 mm circles in a sterile envi-

agree with the change

ronment and then placed on NA agar media with 0.1 mL of the test microorganism culture [ Deleted: © ]
(Staphylococcus aureus) containing 106 CFU/mL. Petri dishes were incubated for 24 h at 37 .

°C. After incubation, the inhibitory zone was measured using a caliper, this measurement ( Deleted: ]
was carried out with three replicates [32]. (Formatte d: Font: Not Italic ]
Determination of pH of the Beef Samples [Formatted: Font: Not Italic ]

The pH of the beef samples was measured using a pH meter (Oakton pH 510). First,
5 g of crushed meat was introduced with 45 mL of distilled water until the mixture became
homogenous. The pH meter’s electrode was then immersed in the beef suspension until
the pH value on the monitor became constant. This measurement was carried out with
three replicates.

Measurement of TVBN

The method applied in this research referred to AOAC [33]. A Conway cup with an
outer diameter of 10 cm and an inner diameter of 5 cm was utilized in this study. First, 30
mL of 7% TCA solution was added to a meat sample (10 + 0.1 g) and mixed before filtering.
A total of 1 mL boric acid solution was placed in the “inner chamber” of the Conway dish.
The lid of the cup was placed in such a way that it almost covered the cup. The 1 mL
filtrate was placed into the outer chamber of the Conway dish. Afterward, 1 mL saturated
K2COs solution was put into the outer chamber. The cup was closed and rotated to mix
the two liquids in the outer chamber. The blank solution was prepared following the same
process but with 7% TCA instead of the filtrate. The solutions were stored at 37 °C for 2 h.
Then, 2 drops of methyl red and bromothymol blue (2:1) were added to the inner Conway
cup and then titrated with 0.01 N HCI until a pink hue was formed. ‘TVBN[was calculated
by formula (2) as follows:

Commented [M512]: The format of each character

in an Equation should be consistent with the main
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where Ve is the volume of the HCI solution used in sample titration, Vb is the volume of - (Formatted: Font: 11 pt
the HCl solution used in blank titration, N is the normality of the HCl solution, W is the [Formatte d: Font: 11 pt
sample’s weight (g), 14.007 is the molecular weight of nitrogen, and df is the dilution fac-
tor. This measurement was carried out with three replicates. : (Formatted: Font: 11 pt
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Measurement of Total Plate Count

The total amount of microorganisms was determined via the total plate count (TPC) (Formatted: Font: 11 pt

method described in Indonesian National Standard (SNI) 2332.3: 2015. First, 1 g of the [Formatted: Font: 11 pt
sample was added to a test tube containing 9 mL of physiological solution until homoge-
neous (107! dilution). The dilution was continued until 106, at which point 1 mL of the
diluted sample was inoculated on NA media in duplicate via the pour plate technique.
After the media solidified, the Petri dishes containing the media and the sample solution
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were incubated upside down at 30 °C for 48 h. Afterward, TPC was calculated using the
formula (3) below [34]:

>C

N = m '[Formatted: Font: 11 pt

where N is TPC (CFU/mL), }'C is the number of colonies counted in all Petri dishes, n1 is . [Formatted: Font: 11 pt

the number of colonies counted in all Petri dishes at first dilution, 12 is the number of * [Formatted: Font: 11 pt

colonies counted in all Petri dishes at second dilution, and d is the dilution factor corre-

sponding to the first dilution. L [Formatted: Font: 11 pt
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2.2.6. Data Analysis [Formatted: Font: 11 pt

ANOVA was used to analyze the parameters of the intelligent packaging indicator,
antimicrobial activity of the active packaging films, and quality of the beef samples, in- [Formatted: Font: 11 pt

cluding pH, TVBN, and TPC. Differences between treatments were determined using [Formatted: Font: 11 pt

Duncan’s test. The correlations between the changes in the color of the intelligent packag-
[Formatted: Font: 11 pt

ing indicator and the effects of the active packaging on all parameters of meat spoilage
were explored and presented in graphs by using the Sigma Plot 12 software. Data were [Fomaﬂed: Font: 11 pt

analyzed using Microsoft Excel 2019, SPSS 19, and Sigma Plot 12.
[Formatted: Font: 11 pt
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3. Results and Discussion
3.1. Antimicrobial Activity of the Active Packaging Films against Staphylococcus Aureus

The antimicrobial activity of the active packaging films is presented in Figure 2.
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Negative control 5% 10% 15%
Active packaging film with addition of Garlic Extract (%)

Figure 2. Antimicrobial activity of the active packaging films against S. aureus. The mean value
followed by different letters showed a significant difference based on the Duncan’s test at the 5%
level (p-value < 0.05).

The antimicrobial activity of the active packaging films against S. aureus was assessed
by measuring the diameter of the inhibition zone. As shown in Figure 2, the negative con-
trol did not generate an inhibitory zone. However, when high concentrations of the garlic
extract were added to the active packaging films, the inhibitory activity against the bacte-
ria increased, although the inhibition zone was not significantly different between 10%
and 15% garlic extract. This study demonstrated that 10%—-15% garlic extract has antibac-
terial effects. According to Maroles et al. [35], differences in the diameter of inhibitory
zones are influenced by the ability and rate of diffusion of antimicrobial compounds in
the medium, the growth rate of microorganisms and their sensitivity to antimicrobial
chemicals, and the viscosity and thickness of the medium.

The antibacterial effects of garlic extract are due to allicin, which is generated when
garlic is damaged. When the flesh of garlic is damaged during the refining process, allicin
is rapidly generated because of the release of alliinase, which reacts with nonprotein
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amino acids, namely, alliin. Allicin is a part of the defense mechanism of garlic that exerts
antimicrobial effects on both Gram-positive and Gram-negative bacteria by inhibiting
RNA and lipid syntheses, which in turn inhibit the production of amino acids and proteins
and the phospholipid bilayer of bacterial cell wall, thereby preventing bacterial growth
and development. Allicin is highly permeable and can easily penetrate bacterial cells
across the cell membrane. The thiosulfinate S(=0)S group in allicin then binds to the
sulfhydryl groups of bacteria, thus inhibiting the activation mechanism of bacterial pro-
teinases [36,37].

3.2. pH of the Beef Samples

The pH of the beef samples was measured to investigate the effects of the active pack-
aging films as the meat base in the packaging system. The beef samples were stored at
room temperature for 24 h. The results of pH measurements are shown in Table 1.

Table 1. pH values of packaged meat sample stored at room temperature for 24 h.

Storage Time Addition of Garlic Extract to the Active Packaging Film

(h) 0% 5% 10% 15% Average
0 656008 656008 657008 657+008 656=000
4 668004 670006 676010 675006 672 +0.044
8 672+005 671007 672005 659020 668 +0.06¢
12 657+011 651003 647004 639+002 648+0.08"
16 6441023 658+006 6.62+008 661011 6.56=0.08¢
20 675+005 685+001 685002 681+002 681+0.05¢
24 688011 682+011 679010 685+003 683+0.04¢

The mean value followed by different letters showed a significant difference based on the Dun-
can’s test at the 5% level (p-value < 0.05).

A statistical test of the storage time showed a significant difference to the pH value
(0.000 < 0.005). However, the statistical test results of the active packaging (0.654 > 0.005)
and interaction between active packaging and storage time (0.179 > 0.005), on the other
hand, did not show a significant effect on the pH value (Table 1). One of the characteristics
that contribute to meat quality reduction is pH. However, pH cannot be used as the single
indicator of meat rot. The pH value is used to confirm the results of other meat deteriora-
tion parameters such as TPC or TVBN. According to statistics, active packaging had no
significant influence on the pH of the meat and the change in pH seemed to fluctuated,
but the data still indicated a rise in pH at each increase in time.

The initial pH of the meat samples, which was immediately determined after the cow
was slaughtered, was normal (6.57) (Table 1). The pH fluctuated during the storage pe-

riod, but the trend graph has shown a decrease in pH at 12 h then the pH increased at the ( Deleted: the

16 h to 24 h storage. After the animal dies, the blood flow that supplies oxygen to the
muscles stops causing an anaerobic glycolysis process to occur. During anaerobic glycol-
ysis, glycogen conversion occurs in the muscles to lactic acid which accumulates in the
tissues, causing the pH of the meat to decrease (4 h storage), during anaerobically glycol-
ysis, the decrease in pH continues until the glycogen is converted to lactic acid followed
by the neutralization of alkaline compounds resulting from the metabolism of microor-
ganisms, so that the pH of the meat rises again (16-24 h storage).

According to Sanchez-Macias et al. [38] and Moreno et al. [39], reported that the lower
the content of glycogen in the meat is, the slower the glycolysis process will be and the
higher the final pH will be. However, the decrease in pH in muscles can be influenced by
internal factors, such as species, muscle type, muscle glycogen content, and livestock var-
iability, as well as external factors, such as environmental temperature, additional treat-
ment prior to slaughter, and pre-slaughter stress.
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After 20 h of storage, the meat’s pH value ranged from 6.75 and 6.85 and remained
steady up to 24 h of storage; at this point, the meat was classified as decayed (Table 1).
According to Prache et al. [40], the meat’s pH continues to decline until glycogen is de-
pleted into lactic acid and alkaline compounds are neutralized because of microbial me-
tabolism, resulting in an increase in pH. If the pH reaches 6.8 or higher, protein decompo-
sition will occur, resulting in spoilage.

3.3. TVBN of the Meat Samples
The TVBN values of the meat samples are presented in Table 2.

Table 2. Total volatile basic nitrogen (TVBN) of the packed meat stored at room temperature for 24
h. Average Result of Meat’s TVBN value.

Addition of Garlic Extract to the Active Packaging Film

Storage Time

) 0% 5% 10% 15% Average
mgN/100 g
0 835+096  737+056  7.51+0.54 723+124 7.62x050°
4 1227 +054  9.47+280 1017 +2.17 10.73+1.17 10.66+1.19"
8 19.13+2.07 1465+072 14.79+140 13.95+0.96 15.63+2.36¢
12 20.67£2.68 16.19+0.28 1731+173 16.61+121 17.70+2.04¢<
16 2991+£3.78 2921+557 2641+331 2543+489 27.74+2164
20 4741317 4321+1.19 4209+1.19 44.05+0.79 44.19+229¢
24 80.03+8.65 77.79+3.11 7499+5.63 76.81+826 77.42+212f
Average  31.12+25.13b 2827 +25.162 27.61+23.932 27.83 +24.842

The mean value followed by different letters showed a significant difference based on the Dungan’s<-._

test at the 5% level (p-value < 0.05).

A statistical test revealed a highly significant difference between the active packaging
(0.004 < 0.005) and storage time (0.000 < 0.005) on the TVBN value. However, the statistical
test results of the interaction between active packaging and storage time (0.986 > 0.005),
on the other hand, did not show a significant effect on the TVBN value (Table 2). At 0 h,
all meat samples had TVBN values ranging from 7.23 mgN/100 g to 8.35 mgN/100 g (Table
2). Therefore, they were classified as fresh meat. After 12 h of storage, the meat samples
that had not been treated with the active packaging films had a TVBN value of 20.67 mg
N/100g, indicating that they were rotten. By comparison, the meat samples treated with
the active packaging films and added with 5%, 10%, and 15% garlic extract had TVBN
values of 16.19, 17.31, and 16.61 mgN/100 g, respectively. Thus, they were categorized as
semi-fresh meat (stale meat) or could still be consumed. However, the TVBN values of all
meat samples taken between the 16/ to 24t h of storage exceeded the threshold for food- /
grade beef, demonstrating that adding 5%, 10%, and 15% garlic extract to the active pack-
aging films effectively reduced the amount of TVBN. On the other hand, meat samples
that were not treated active packaging film had a significant increase in TVBN value at 12

(

Deleted: n

“[Formatted: Justified

NN

(

Deleted:

; [Formatted: Superscript

(

Deleted: and

(Formatted: Superscript

AN A N/

Deleted:, indicated by the increase in
TVBN values, respectively, 29.21%,
16.41%, and 25.3%, which showed the
higher the concentration of garlic extract in
the active packaging, the less the TVBN
production increase. ...

hour storage, Beef or livestock is considered fresh if the TVBN value is less than 15 mg/100
g [41] or TVBN is <10 mg N/100 g [42]. Moreover, SNI 2354.8:2009 states that the standard
levels of TVBN fit for consumption is 20-30 mg N/100 ;{JMS]’

In this study, the values of TVBN increased throughout the storage period (observed .

every 4 h), indicating that the meat’s quality continued to deteriorate owing to the break-
down of proteins into volatile base compounds. According to Bekhit et al. [10], the in-
crease in TVBN value is due to protein degradation by microorganisms that results in the
formation of foul-smelling chemicals, such as ammonia (NHs), basic skatole and indole
compounds, mercaptans and HzS (which are weak acids), and amines and cadaverin
(which are strong bases). The results demonstrated that the addition of garlic extract to
the active packaging films delayed the spoiling of the meat samples likely because the
garlic’s active components prevented microbial development, thereby lowering the
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synthesis of nitrogenous base compounds in the meat caused by bacteria and autolytic
enzymes during the rotting process. This conjecture was supported by Al Hakim et al. [44]
and Reiter et al. [37], who reported that garlic extract has the ability to block microbe-
produced enzymes involved in the breakdown of proteins into volatile base chemicals.

3.4. TPC of the Microbes in the Beef Samples

The TPC of bacteria in the meat samples was determined to assess the utility of the
active packaging films (Table 3).

Table 3. Total plate count (TPC) of packed meat stored at room temperature for 24 h.

Addition of Garlic Extract to the Active Packaging Film

Storage Time

) 0% 5% 10% 15% Average
log CFU/mL
0 253+0.64 253+0.64 253+064 253x0.64 2.53+0.00°
4 518+0.20 4.64+0.16 3.83+0.30 391010 4.39+0.64°
8 543+0.21 5.33+0.07 4.83+0.40 504+0.06 516+0.27¢
12 7.65+0.39 6.20 +0.00 5.51+0.10 534+0.08 6.18+1.054
16 8.89 +0.67 7.44+0.03 7.47 +0.26 6.78+0.67 7.64+0.89¢
20 10.04+058 830+135 7.57+0.60 828+0.06 855+1.08f
24 10.36+0.15 9.53+0.39  9.44+0.68  9.25x0.03 9.65+0.49s

Average 715+£2.89¢ 6.28+237> 588+241= 588+2392

 Deleted: UFC

The mean value followed by different letters showed a significant difference based on the Dungan’s<-

test at the 5% level (p-value < 0.05).

A statistical test revealed a highly significant difference between the active packaging
(0.000 < 0.005) and storage time (0.000 < 0.005) on the TPC, value. However, the statistical

test results of the interaction between active packaging and storage time (0.09 > 0.005), on
the other hand, did not show a significant effect on the TPC value (Table 3). At 0 h of the
storage period, the initial TPC value (Log TPC) of all meat samples was 2.53 + 0.64
CFU/mL (Table 3). Thus, the meat samples were classified as fresh on the basis of micro-
biological quality. Throughout the storage period, the TPC value increased until it reached
the maximum number of meat microbes permitted by SNI 3932:2008 on carcass and beef
quality, which is 1 x 106 CFU/mL or equivalent to Log TPC 6 CFU/mL. At 12 h of storage,
the meat samples packaged with the control film (0%) and those added with 5% garlic
extract did not fulfil the microbiological requirements as they had a Log TPC value of 7.65
+0.39 and 6.20 + 0.00 CFU/mL, respectively. By comparison, the meat samples treated with
the active packaging films and 10% and 15% garlic extract did not fulfil the microbiologi-

cal requirements after 16 h of storage as they have a Log TPC value of 7.47 + 0.26 and 6.78
+ 0.67 CFU/mL, respectively. This result demonstrated that the active packaging films
with 10% and 15% garlic extract in the meat packaging system can inhibit microbial
growth and extend the shelf life of meat by up to 4 h because allicin can inhibit the growth
of both Gram-positive and Gram-negative bacteria by destroying the sulfhydryl group
bound to bacterial proteins. This process is important because the sulfhydryl group is re-
quired for bacterial cell division or acts as a specific stimulator for cell multiplication. Al-
licin damaged the RNA and DNA of bacteria and thus inhibits their growth and develop-
ment in meat. Likewise, Deresse [45] reported that allicin can suppress the growth of both
Gram-positive and Gram-negative bacteria by completely inhibiting the syntheses of bac-
terial RNA, DNA, and proteins.

The total microbial content of the meat samples continued to increase during the en-
tire storage period (Table 3) because meat contains a high nutrient and water content,
which provides an ideal environment for microorganism growth. Moreover, storage at
room temperature can accelerate the growth of microorganisms. According to Soeparno
[46], meat has the ideal conditions for microorganism growth because it contains a high
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proportion of water (68-75%), it is rich in nitrogen-containing substances of varying com-
plexity, it contains various fermentable carbohydrates, it is rich in minerals and essential
nutrients for microorganism growth, and it has a suitable pH for microorganism growth
(pH 5.3-6.5),,

3.5. Changes in the Color of the Intelligent Packaging BTB Indicator Solution as a Measure of the
Freshness of the Meat Packaged with the Active Packaging Films

Using fresh beef packaged and maintained at room temperature for 24 h, Dirpan et
al. [7] determined that BTB solution (pH 2.75) produces the most readily visible color
changes to sensitivity tests. In this study, the BTB solution (pH 2.75), as the intelligent
packaging indicator, was also utilized to evaluate changes in its color as a reflection of the
freshness of the meat samples packed with the active packaging films (Figure 3).
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The mean value followed by different letters showed a significant difference based on the Duncan’s

test at the 5% level (p-value < 0.05).

Figure 3. Changes in the color of the BTB solution (pH 2.75) as the intelligent packaging indicator
reflecting the freshness of the meat samples packed with the active packaging films with (a) 0%; (b)
5%; () 10%; and (d) 15% of garlic extract.

During the entire storage period, the intelligent packaging indicator changed in three,
different color that corresponded to three phases of the meat samples’ level of quality

(Figure 3). In phase I, its color was orange, indicating that the meat samples were still
fresh. In phase II, its color was green with an orange hue, suggesting that the meat samples
should be consumed immediately. In phase III, its color was dark green, denoting that the
meat samples were already spoiled. The change in the indicator’s color from orange to
green indicated that the quality of the meat samples had deteriorated. The changes in the
indicator’s color were due to the interactions of alkaline volatile compounds produced by
enzyme activity, and the metabolism of the microorganisms present in the meat samples
increased with storage time. The early sign of spoilage was indicated by the release of
volatile alkaline compounds as the microorganisms and the enzymes degraded the nutri-
tional content of the meat samples. These compounds gradually accumulated in the pack-
aging system, causing an increase in pH, which was detected by the intelligent packaging
indicator and displayed as gradual color changes. The change in color of the intelligent
packaging indicator (BTB, pH 2.75) from orange to green was induced by deprotonation
or the release of a proton from the intelligent packaging indicator dye [47].
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The meat samples packaged with the active packaging films without garlic extract
{0%) and 5% garlic extract were still fresh from the start of the storage up to 8 h (Figure 3).

However, they must be immediately consumed from the 8 h to the 12* h of the storage
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period. Thereafter (12-24 h of the storage period), they were already spoiled. This result

was consistent with that of TPC tests, which showed that the TPC values were above the
acceptable threshold for microbial contaminants (1 x 106 or equivalent to 6 CFU/mL) in
meat after 12 h. In comparison, the meat samples packaged with the active packaging
films containing 10% and 15% garlic extract were still considered fresh from the start of
the storage period up to the 12t h. They must be immediately consumed when they had

been in storage for 12-16 h. Finally, they were considered rotten when they had been in
storage for 16-24 h. This result was also consistent with that of TPC tests (Table 3), which
indicated that at the 16/ h, the TPC value surpassed the permissible level of microbiolog-

ical contamination in beef. Statistical analysis revealed that storage duration had a very
significant effect on the Hue value, the indicator of color change in the intelligent packag-
ing. The changes in the color of the intelligent packaging indicator (BTB solution, pH 2.75)
when used together with the active packaging films to reflect the freshness of meat are
presented in Table 4.

Table 4. Changes in the color of the intelligent packaging indicator (BTB solution, pH 2.75) when
used together with the active packaging films to reflect the freshness of meat.

Storage
Time
(h)

Active Packaging Films Added with Garlic Extract

0% 5% 10% 15%

12

16

20
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3.6. Correlations between Changes in the Color of the Intelligent Packaging Indicator and the
Effects of the Active Packaging Films on the Parameters of Meat Freshness

The correlations between changes in the color of the intelligent packaging indicator
and parameters of meat quality deterioration (pH, TVBN, and TPC) were explored to as-
certain the relationship between the sensitivity of the intelligent packaging indicator to
meat freshness and the effectiveness of the active packaging films in slowing the process
of meat spoilage.

Based on Figure 4, it is known that the color change of the intelligent packaging in-
dicator which is indicated by an increase in the Hue value is in line with the increase in
all values of the meat deterioration parameter. The meat samples packaged with the con-
trol film and those treated with 5% garlic extract were rotten and unfit for consumption
after 12 h of storage as their Log TPC value was 7.65 + 0.39 and 6.20 + 0.00 CFU/mL, re-
spectively, and their TVBN value was 20.67 +2.68 and 16.19 + 0.28 mgN/100g, respectively
(Figure 4). In comparison, the meat samples treated with the active packaging films and
10% and 15% garlic extract were rotten and unfit for consumption after 16 h of storage as
their Log TPC value was 7.47 + 0.26 and 6.78 + 0.67 CFU/mL, respectively, and their TVBN
value was 26.41 + 3.31 and 25.43 + 4.89 mgN/100 g, respectively.
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Figure 4. Correlations between changes in the color of the intelligent packaging indicator and the
effects of the active packaging films with (a) 0%; (b) 5%; (c) 10%; and (d) 15% garlic extract on the
parameters of quality deterioration of meat stored for 24 h.

Meat that was treated with active packaging film without addition (0%) and with the
addition of 5% garlic extract experienced a change in indicator color from orange (fresh)

with a Hue, value of 19.6 8 .and 19.20 o, respectively to green (rotten) with Hue, values 96.2 =

oand 95.6 9, respectively. Meanwhile, the meat that was treated with active packaging film -
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with the addition of 10% and 15% garlic extract experienced a change in indicator color

from orange (fresh) with Hue, values 18.2 q and 19.6 4, respectively, to green (rotten) with _

Hue values 98.2 9 and 99 ¢, respectively. Wiryawan [48] observed that when garlic extract

was added to the active packaging, the values of TPC and TVBN and the pH of the meat * ‘

increased more slowly, as did the color of the intelligent packaging indicator, compared
with those of the meat without the active packaging.

Furthermore, the increase in the values of TPC and TVBN linearly correlates with the
increase in Hue value and color changes of the intelligent packaging indicator because the
accumulated volatile base compounds raise the pH value of the packaging system, caus-
ing the intelligent packaging indicator to experience a color shift. This explanation was in
agreement with that of Pacquit et al. [12], who applied active packaging films to cod fish.
They stated that the increase in the TPC value of cod fish has a linear correlation with
changes in the color of the cellulose-acetate packaging film sensor.

On the other hand, the pH of the sample fluctuated making it difficult to determine
the level of quality degradation in meat. However, the interpretation of the TPC and
TVBN values, on the other hand, is clear enough to represent a decrease in meat quality
which is correlated with an increase in the Hue, value of changes in the intelligent pack-

aging indicator. This good correlation demonstrates the accuracy of the film formulation
in the monitoring of meat freshness, which is the aim of using intelligent packaging.

4. Conclusions

The paper concludes that intelligent packaging indicators using BTB (Bromothymol
blue) pH 2.75 solution can be used as an indicator to identify a decline in the quality of
packaged meat. The indicator’s color changes are easy to observe visually, namely the
orange indicator indicating that the meat is still fresh and the dark green indicator indi-
cating that the meat has rotted and is unfit for consumption. On the other hand, the use
of active packaging can extend the shelf life of meat by 4 h longer when using high con-
centrations of garlic extract. This demonstrates that intelligent and active packaging,
which are typically studied separately, have the potential to be combined and researched
together using the same basic ingredient, namely bacterial cellulose.
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Abstract: Combining intelligent and active packaging serves the dual purpose of detecting color
changes in food that reflect changes in its quality and prolonging its shelf life. This study developed
an intelligent and active packaging system made from the cellulose of Acetobacter xylinum and
assessed its ability to detect changes in the quality and to increase shelf-life of packaged fresh beef.
The properties of the intelligent packaging’s sensor and active packaging films were determined.
The application of this system to fresh beef stored at room temperature (28 + 2 °C) for 24 h was
tested. The color of the bromothymol blue (BTB) solution (pH 2.75) in the indicator of the intelligent
packaging system changed from orange to dark green to indicate that beef quality changed from fresh
to rotten. The meat treated with the active packaging with 10% and 15% garlic extract decayed on
the 16th h. In contrast, the meat treated with the active packaging without the garlic extracts rotted
on the 12th h. The shift in the indicator’s color was linearly related to the total plate count (TPC),
total volatile basic nitrogen (TVBN), and pH of the meat packaged using the active packaging system.
Therefore, BTB solution (pH 2.75) can be used as an intelligent packaging indicator that will allow
consumers to assess the quality of packaged meat easily. As an antimicrobial agent, the addition of
10-15% garlic extract to the active packaging films can help delay the spoilage of packaged beef.

Keywords: smart sensor; smart packaging; meat shelf-life; food quality

1. Introduction

Global beef consumption is predicted to rise as the world population and family
income increase, particularly in developing Asian countries [1-3]. By 2030, worldwide meat
consumption and availability are expected to increase by 14% and 5.9%, respectively, over
the average of the 2018-2020 period [3]. Thus, the expected increase in meat consumption
must be complemented by improvements in the quality of fresh meat produced. One
aspect affecting the quality and characteristics of meat is the material and packaging
technologies used [4]. Meat is a perishable item that rapidly spoils when stored above the
optimum temperature range (below —17 to 4 °C) [5,6]. However, in traditional markets,
meat is displayed at room temperature without packaging, a practice that might accelerate
microbial contamination and cause rapid quality degradation. Even in supermarkets where
meat is maintained in cold temperatures, standard meat packaging still prevents consumers
from subjectively determining the quality of meat. Thus, meat packaging must have
additional functions that will prevent quality degradation due to microbial contamination
and will help consumers to determine the quality of packaged meat easily [7]. Conventional
meat packaging can be designed to perform dual functions through intelligent and active
packaging systems.

Intelligent packaging is a term that refers to sensors in the form of indicators that
monitor and provide information on the quality of the food contained within the packaging
via color changes caused by chemical reactions between the indicators and the products
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of microbial metabolism or changes in the chemical composition of the food [8,9]. During
storage, the chemical components of meat degrade into volatile compounds because of
microbial activity, thereby increasing the value of total volatile base nitrogen (TVBN) [10,11].
Accumulation of TVBN increases the pH of the packaging system, which is detected by
the indicator, resulting in a visible color shift in the indicator [11,12]. Intelligent packag-
ing allows easier monitoring of packed products during transportation and storage [7].
Moreover, it provides a more accurate estimate of product condition than conventional
expiration labels [12]. Color-based pH indicator solutions are widely used as intelligent
indicators. Dirpan et al. [13] developed bromophenol blue as an intelligent indicator dye
for mangoes. Hidayat et al. [14] used two types of color indicators with predetermined
concentrations, namely, phenol red and bromothymol blue, to assess the freshness of meat
packaging. Intelligent packaging indicators based on natural pigments are being developed,
such as intelligent packaging films that include anthocyanin-loaded Lycium ruthenicum
nanocomplexes in starch/polyvinyl alcohol mixtures (PVA) [15], as well as anthocyanins
from saffron petals immobilized in chitosan nanofibers and methyl cellulose matrix [16].

Active packaging refers to the integration of particular additives into a packaging
system for the purpose of extending the shelf life, preserving the quality, and ensuring the
safety of food products. Antimicrobial agents are used as components of active packaging
additives to extend product shelf life. The volatile bioactive compounds in active packag-
ing evaporate or diffuse onto the food surface, where they limit the growth of microbes
and thus delay spoilage [17,18]. This strategy is more effective than coating bioactive
compounds onto the food surface [19]. The safest, cheapest, and most readily available
antimicrobial agents for use in active packaging are essential oils. Pranoto et al. [20] pro-
duced antimicrobial alginate edible films by incorporating the essential oils of garlic. They
reported that these films substantially inhibited the growth of Staphylococcus aureus and
Bacillus cereus in meat. Vishnu et al. [21] utilized the essential oils of Plectranthus amboinicus
in a chitosan-based active packaging to restrict antimicrobial activity.

Intelligent and active packaging can be merged into a single packaging system. Julyan-
ingsih et al. [22] combined an intelligent packaging system based on methyl red and
bromothymol blue (BTB) indicator with an active packaging system based on lemongrass
oil as a component of tuna fish fillet packaging. Yao et al. [23] developed an active and
intelligent packaging system based on starch, PVA, and betacyanins from various types of
plants for shrimp packaging. In general, an active packaging that contains antimicrobial
agents and an intelligent packaging that contains indicator solutions are immobilized in
a polymer. Compared with synthetic polymers or plant cellulose, the bacterial cellulose
fermented by Acetobacter xylinum has a unique nanofibrillar structure and superior physical
properties, suggesting that it has the potential to serve as a basis for developing an intel-
ligent and active packaging system [24,25]. Bacterial cellulose has received interest as a
component of active packaging owing to its biodegradability, high water-holding capacity
so that it can be employed entirely as a polymer for immobilizing color solutions in intelli-
gent packaging indicators [26]. Moreover, bacterial cellulose possess great potential as an
antimicrobial agent carrier in order for it to be utilized as an ingredient in the production
of active packaging films [27].

The development of packaging systems with additional functions is advancing. To
promote this innovation, this study aimed to maximize the potential of intelligent and active
packaging by combining them into a single packaging system based on a bacterial cellulose
membrane biopolymer to enhance the quality of packaged meat and help consumers to
determine meat freshness easily.

2. Materials and Methods
2.1. Materials

The main ingredients used in the intelligent and active packaging system developed
herein were the bacterial cellulose produced by A. xylinum, which was fermented in nat-
ural media of coconut water. Beef tenderloin was purchased from a slaughterhouse in
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Tamangapa Raya. Coconut water and garlic (Allium sativum) were purchased from a local
market. Food-grade ammonium sulfate (Lianyungang Zhonghong Chemical Co., Ltd.,
Lianyungang, China, CAS No: 7783-20-2), yeast extract (Merck, Darmstadt, Germany,
CAS No: 8013-01-2), 96% acetic acid (Brenntag Inc, Essen, Germany, CAS No: 64-19-7),
A. xylinum culture, 5% 1 N NaOH (Brenntag Inc, CAS No: 1310-73-2), sucrose, Bromothy-
mol Blue (BTB) (Merck, Darmstadt, Germany, CAS No: 76-59-5), alcohol (Sd Fine Chem
Limited, Chennai, Tamil Nadu, India), aquabides, aquades (Rofa Laboratorium Centre,
Bandung, Indonesia) Tashiro’s indicator (0.1% Methyl Red [Merck, Darmstadt, Germany,
Cas No: 493-52-7] and 0.1% BTB at a ratio of 2:1), 7% trichloroacetic acid (TCA) (Merck,
Darmstadt, Germany), Nutrient Agar (NA) (Merck, Darmstadt, Germany), glycerol (Merck,
Darmstadt, Germany, CAS No: 56-81-5), food-grade carboxymethyl—cellulose (CMC) (Food-
chem, Shanghai, China, E466), and corn starch were used.

2.2. Methods
2.2.1. Production of Bacterial Cellulose from A. xylinum

Based on our previous research Dirpan et al. [7], 5% (w/v) of food grade Ammonium
Sulfate is the best source of Nitrogen in Acetobacter xylinum growth media to produce
optimal bacterial cellulose membranes. Determination of the composition and type of
Nitrogen source. Then, purification of bacterial cellulose was done by removal from the
fermentation medium, rinsed in running water, and then soaked for 2 days with periodic
water changes. The cellulose was also soaked in 70% alcohol for 1 min, heated to 100 °C in
distilled water for 20 min, and reheated in 1 N 5% NaOH solution at 100 °C for 60 min to
remove the remaining bacterial cells and substrate attached to the cellulose layer. Afterward,
the cellulose was rinsed with running water and soaked in periodically changed water for
24 h until pH reached 7. The purified cellulose appeared transparent [7].

2.2.2. Production of Intelligent Packaging

First, preparation of the indicator solution. BTB indicator solution was chosen for this
study because a previous work established this solution as the indicator with the most
visually identifiable color change reaction [7]. First, 1% BTB solution (b/v) was prepared
in 95% ethanol. Then, the pH of the BTB solution was decreased to 2.74 by adding 20%
acetic acid. Finally, the BTB solution was stored in a closed container. Second, production
of intelligent packaging indicator label. The purified cellulose film was kept in a filter cloth
for 24 h to decrease its water content. Half-dried cellulose was cut into 1.5 cm x 4 cm strips
and pushed flat against the surface of a Pyrex glass. The cellulose was dried for 30 min at
70 °C until the moisture content reaches 6%. A total of 35 mL of I BTB indicator solution
was then absorbed into a dry cellulose via centrifugation at 3000 rpm for 15 min. When the
color indicator was successfully absorbed, the BTB indicator solution imparted an orange
hue to the cellulose. Afterward, the cellulose was rinsed with distilled water to eliminate
any unbound color indicators and then dried [26,28].

2.2.3. Production of Active Packaging Film

First, the production of garlic extract as an active element. The method applied in
this research referred to Yolanda et al. [29] with a slight modification. A total of 500 g of
garlic was peeled, washed under running water until clean, drained, and then mashed.
The minced garlic was extracted via the maceration method by immersing the finely
ground garlic in 96% alcohol at a ratio of 1:4 (garlic: alcohol) for 4 days at 3-5 °C and
periodically homogenized using a water bath shaker. Afterward, the extract was filtered
using a filter paper and then concentrated using a rotary evaporator at 50 rpm at 40 °C
to obtain a thick extract. Second, production of active packaging film. The method used
referred to Iriani et al. and Indrarti et al. [19,30] with a slight modification. The bacterial
cellulose was crushed to form a cellulose pulp. A cellulose suspension was prepared using
30% chitosan (w/w), 10% CMC (w/w), and 15% corn starch (w/w) of cellulose dry weight.
The suspension was heated at 50 °C for 60 min with a hot plate stirrer until thoroughly
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suspended. At the 50th min, 30% glycerol (w/w) was added. Additionally, the garlic extract
was added at quantities of 0% (as the control), 5%, 10%, and 15% (v/v) immediately after
the final heating step. Subsequently, 60 g of the suspension was then placed onto a glass
plate and dried for 48 h at 37 °C. Finally, the suspension was cooled to room temperature,
removed from the glass plate, wrapped in aluminum foil, and placed in a desiccator.

2.2.4. Application of the Intelligent and Active Packaging Indicators to Fresh Beef

Fresh beef tenderloin was collected from a slaughterhouse in Tamangapa Raya Makas-
sar 1 h after the cow was slaughtered. It was immediately placed in a special food box
and put into a 38 cm x 29 cm x 30 cm Styrofoam box filled with ice crystals. The samples
were promptly transported to the laboratory and processed into 200 g/pack pieces. The
meat was packaged in a Styrofoam tray (1.05 g/cm?) coated with the active packaging
film on a Styrofoam base, and an intelligent packaging indicator label was attached to the
LDPE plastic wrap film that covered the Styrofoam container (Figure 1). The samples were
maintained at room temperature (28 & 2 °C) with normal light exposure for 24 h.

Wrap plastic LDPE
— Smart Packaging

‘ Indicator/sensor

i e Sman packaging
Acfwe " packagiog fim  — '. . . e scnsorindicaier
PackagingFilm | |7 o M e e B

Figure 1. (a) Design of the intelligent and active packaging system; (b) prototype of the intelligent
packaging; (c) and its application on fresh beef.

During the entire storage period, the intelligent packaging label changed its color three
times that corresponded to three phases of the meat samples’ level of quality (Figure 1b).
In phase I, its color was orange, indicating that the meat samples were still fresh. In
phase II, its color was green with an orange hue, suggesting that the meat samples should
be consumed immediately (Use soon). In phase I1I, its color was dark green, denoting that
the meat samples were already spoiled (Not Fresh).

2.2.5. Observation Parameters
Measurement of Intelligent Packaging Indicator Color Response on Meat

The color of the intelligent packaging indicators was quantitatively determined us-
ing a chromameter digital color meter (T-135). Intelligent and active packaging system
containing meat is placed on a flat black background with homogeneous lighting. The
chromameter detector was placed on the surface of the intelligent packaging indicator.
The measurement results were expressed according to the notation of the Hunter’s Lab
Colorimetric System, which is presented in three values, namely L* (lightness), a* (redness),
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and b* (yellowness) [31]. The color of the intelligent packaging indicator was determined
by calculating the Hue value by using the formula (1) below:

—1 bx

Hue (degrees) = tan ar

(€D)
where Hue (360 degrees in a circle) represents the parameters for color range, a* is a
red-green mixed color, and b* is a yellow-blue mixed color.

Antimicrobial Activity of the Active Packaging Films

The antimicrobial activity of the active packaging films was determined via the agar
diffusion method. Each active packaging film was cut into 5 mm circles in a sterile en-
vironment and then placed on NA agar media with 0.1 mL of the test microorganism
culture (Staphylococcus aureus) containing 10® CFU/mL. Petri dishes were incubated for
24 h at 37 °C. After incubation, the inhibitory zone was measured using a caliper, this
measurement was carried out with three replicates [32].

Determination of pH of the Beef Samples

The pH of the beef samples was measured using a pH meter (Oakton pH 510). First,
5 g of crushed meat was introduced with 45 mL of distilled water until the mixture became
homogenous. The pH meter’s electrode was then immersed in the beef suspension until
the pH value on the monitor became constant. This measurement was carried out with
three replicates.

Measurement of TVBN

The method applied in this research referred to AOAC [33]. A Conway cup with an
outer diameter of 10 cm and an inner diameter of 5 cm was utilized in this study. First,
30 mL of 7% TCA solution was added to a meat sample (10 == 0.1 g) and mixed before
filtering. A total of 1 mL boric acid solution was placed in the “inner chamber” of the
Conway dish. The lid of the cup was placed in such a way that it almost covered the cup.
The 1 mL filtrate was placed into the outer chamber of the Conway dish. Afterward, 1 mL
saturated K, COj3 solution was put into the outer chamber. The cup was closed and rotated
to mix the two liquids in the outer chamber. The blank solution was prepared following the
same process but with 7% TCA instead of the filtrate. The solutions were stored at 37 °C
for 2 h. Then, 2 drops of methyl red and bromothymol blue (2:1) were added to the inner
Conway cup and then titrated with 0.01 N HCI until a pink hue was formed. TVBN was
calculated by formula (2) as follows:

TVBN content

mg ) _ (Vc — Vb) x 14.007 x df x 100 @)

100 g W

where Vc is the volume of the HCI solution used in sample titration, Vb is the volume of
the HCI solution used in blank titration, N is the normality of the HCl1 solution, W is the
sample’s weight (g), 14.007 is the molecular weight of nitrogen, and df is the dilution factor.
This measurement was carried out with three replicates.

Measurement of Total Plate Count

The total amount of microorganisms was determined via the total plate count (TPC)
method described in Indonesian National Standard (SNI) 2332.3: 2015. First, 1 g of the
sample was added to a test tube containing 9 mL of physiological solution until homoge-
neous (107! dilution). The dilution was continued until 10~°, at which point 1 mL of the
diluted sample was inoculated on NA media in duplicate via the pour plate technique.
After the media solidified, the Petri dishes containing the media and the sample solution
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were incubated upside down at 30 °C for 48 h. Afterward, TPC was calculated using the
formula (3) below [34]:
y.C

[(1 xnp) + (0.1 xnp)] x (d) ©)

where N is TPC (CFU/mL), Y C is the number of colonies counted in all Petri dishes, n;
is the number of colonies counted in all Petri dishes at first dilution, n, is the number
of colonies counted in all Petri dishes at second dilution, and d is the dilution factor
corresponding to the first dilution.

N:

2.2.6. Data Analysis

ANOVA was used to analyze the parameters of the intelligent packaging indicator, an-
timicrobial activity of the active packaging films, and quality of the beef samples, including
pH, TVBN, and TPC. Differences between treatments were determined using Duncan’s test.
The correlations between the changes in the color of the intelligent packaging indicator
and the effects of the active packaging on all parameters of meat spoilage were explored
and presented in graphs by using the Sigma Plot 12 software. Data were analyzed using
Microsoft Excel 2019, SPSS 19, and Sigma Plot 12.

3. Results and Discussion
3.1. Antimicrobial Activity of the Active Packaging Films against Staphylococcus aureus

The antimicrobial activity of the active packaging films is presented in Figure 2.

3.50

3.00 5 6c 2.8c
2.50

2.00 1.7b

1.50

1.00

0.50

0.00

Inhibition Zone(mm)

0.00a

Negative control 5% 10% 15%

Active packaging film with addition of Garlic Extract (%)

Figure 2. Antimicrobial activity of the active packaging films against S. aureus. The mean value
followed by different letters showed a significant difference based on the Duncan’s test at the 5% level
(p-value < 0.05).

The antimicrobial activity of the active packaging films against S. aureus was assessed
by measuring the diameter of the inhibition zone. As shown in Figure 2, the negative
control did not generate an inhibitory zone. However, when high concentrations of the
garlic extract were added to the active packaging films, the inhibitory activity against the
bacteria increased, although the inhibition zone was not significantly different between 10%
and 15% garlic extract. This study demonstrated that 10-15% garlic extract has antibacterial
effects. According to Maroles et al. [35], differences in the diameter of inhibitory zones are
influenced by the ability and rate of diffusion of antimicrobial compounds in the medium,
the growth rate of microorganisms and their sensitivity to antimicrobial chemicals, and the
viscosity and thickness of the medium.

The antibacterial effects of garlic extract are due to allicin, which is generated when
garlic is damaged. When the flesh of garlic is damaged during the refining process, allicin
is rapidly generated because of the release of alliinase, which reacts with nonprotein
amino acids, namely, alliin. Allicin is a part of the defense mechanism of garlic that exerts
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antimicrobial effects on both Gram-positive and Gram-negative bacteria by inhibiting RNA
and lipid syntheses, which in turn inhibit the production of amino acids and proteins and
the phospholipid bilayer of bacterial cell wall, thereby preventing bacterial growth and
development. Allicin is highly permeable and can easily penetrate bacterial cells across
the cell membrane. The thiosulfinate S(=0)S group in allicin then binds to the sulfhydryl
groups of bacteria, thus inhibiting the activation mechanism of bacterial proteinases [36,37].

3.2. pH of the Beef Samples

The pH of the beef samples was measured to investigate the effects of the active
packaging films as the meat base in the packaging system. The beef samples were stored at
room temperature for 24 h. The results of pH measurements are shown in Table 1.

Table 1. pH values of packaged meat sample stored at room temperature for 24 h.

Storage Addition of Garlic Extract to the Active Packaging Film
. Average

Time (h) 0% 5% 10% 15%
0 6.56 £ 0.08 6.56 & 0.08 6.57 £ 0.08 6.57 £+ 0.08 6.56 +0.00 2
4 6.68 £ 0.04 6.70 £ 0.06 6.76 £0.10 6.75 £ 0.06 6.72 +0.04 4
8 6.72 £ 0.05 6.71 £ 0.07 6.72 £0.05 6.59 +0.20 6.68 + 0.06 4
12 6.57 +0.11 6.51 +0.03 6.47 £+ 0.04 6.39 £ 0.02 6.48 +0.08°
16 6.44 4+ 0.23 6.58 £ 0.06 6.62 £+ 0.08 6.61 +0.11 6.56 + 0.08 ©
20 6.75 £ 0.05 6.85 £ 0.01 6.85 £ 0.02 6.81 £ 0.02 6.81 £0.05¢
24 6.88 £0.11 6.82 £0.11 6.79 £0.10 6.85 % 0.03 6.83 +0.04 ¢

The mean value followed by different letters showed a significant difference based on the Duncan’s test at the
5% level (p-value < 0.05).

A statistical test of the storage time showed a significant difference to the pH value
(0.000 < 0.005). However, the statistical test results of the active packaging (0.654 > 0.005)
and interaction between active packaging and storage time (0.179 > 0.005), on the other
hand, did not show a significant effect on the pH value (Table 1). One of the characteristics
that contribute to meat quality reduction is pH. However, pH cannot be used as the
single indicator of meat rot. The pH value is used to confirm the results of other meat
deterioration parameters such as TPC or TVBN. According to statistics, active packaging
had no significant influence on the pH of the meat and the change in pH seemed to
fluctuated, but the data still indicated a rise in pH at each increase in time.

The initial pH of the meat samples, which was immediately determined after the cow
was slaughtered, was normal (6.57) (Table 1). The pH fluctuated during the storage period,
but the trend graph has shown a decrease in pH at 12 h then the pH increased at the 16 h to
24 h storage. After the animal dies, the blood flow that supplies oxygen to the muscles stops
causing an anaerobic glycolysis process to occur. During anaerobic glycolysis, glycogen
conversion occurs in the muscles to lactic acid which accumulates in the tissues, causing
the pH of the meat to decrease (4 h storage), during anaerobically glycolysis, the decrease
in pH continues until the glycogen is converted to lactic acid followed by the neutralization
of alkaline compounds resulting from the metabolism of microorganisms, so that the pH of
the meat rises again (16-24 h storage).

According to Sanchez-Macias et al. [38] and Moreno et al. [39], reported that the lower
the content of glycogen in the meat is, the slower the glycolysis process will be and the
higher the final pH will be. However, the decrease in pH in muscles can be influenced
by internal factors, such as species, muscle type, muscle glycogen content, and livestock
variability, as well as external factors, such as environmental temperature, additional
treatment prior to slaughter, and pre-slaughter stress.

After 20 h of storage, the meat’s pH value ranged from 6.75 and 6.85 and remained
steady up to 24 h of storage; at this point, the meat was classified as decayed (Table 1).
According to Prache et al. [40], the meat’s pH continues to decline until glycogen is depleted
into lactic acid and alkaline compounds are neutralized because of microbial metabolism,
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resulting in an increase in pH. If the pH reaches 6.8 or higher, protein decomposition will
occur, resulting in spoilage.

3.3. TVBN of the Meat Samples
The TVBN values of the meat samples are presented in Table 2.

Table 2. Total volatile basic nitrogen (TVBN) of the packed meat stored at room temperature for 24 h.
Average Result of Meat’s TVBN value.

Addition of Garlic Extract to the Active Packaging Film

Storage Time (h) 0% 5% 10% 15% Average
mgN/100 g
0 8.35 + 0.96 7.37 + 0.56 7.51 +0.54 723+ 124 7.62+ 0502
4 12.27 + 0.54 9.47 + 2.80 10.17 + 2.17 10.73 £ 1.17 10.66 + 1.19b
8 19.13 + 2.07 14.65 + 0.72 14.79 + 1.40 13.95 + 0.96 15.63 +2.36 €
12 20.67 + 2.68 16.19 £+ 0.28 17.31 £1.73 16.61 = 1.21 17.70 £ 2.04 €
16 2991 + 3.78 29.21 + 5.57 26.41 + 3.31 25.43 +4.89 2774 +2.164
20 4741 £ 3.17 43.21 +£1.19 42.09 £ 1.19 44.05 £+ 0.79 4419 £229°¢
24 80.03 £ 8.65 77.79 + 3.11 74.99 + 5.63 76.81 + 8.26 7742 +2.12f
Average 31.12 + 25.13b 28.27 +25.162 27.61 £23932 27.83 £24.842

The mean value followed by different letters showed a significant difference based on the Duncan’s test at the 5%
level (p-value < 0.05).

A statistical test revealed a highly significant difference between the active packaging
(0.004 < 0.005) and storage time (0.000 < 0.005) on the TVBN value. However, the statistical
test results of the interaction between active packaging and storage time (0.986 > 0.005), on
the other hand, did not show a significant effect on the TVBN value (Table 2). At0h, all
meat samples had TVBN values ranging from 7.23 mgN /100 g to 8.35 mgN /100 g (Table 2).
Therefore, they were classified as fresh meat. After 12 h of storage, the meat samples that
had not been treated with the active packaging films had a TVBN value of 20.67 mg N /100g,
indicating that they were rotten. By comparison, the meat samples treated with the active
packaging films and added with 5%, 10%, and 15% garlic extract had TVBN values of 16.19,
17.31, and 16.61 mgN /100 g, respectively. Thus, they were categorized as semi-fresh meat
(stale meat) or could still be consumed. However, the TVBN values of all meat samples
taken between the 16th to 24th h of storage exceeded the threshold for food-grade beef,
demonstrating that adding 5%, 10%, and 15% garlic extract to the active packaging films
effectively reduced the amount of TVBN. On the other hand, meat samples that were not
treated active packaging film had a significant increase in TVBN value at 12 h storage.
Beef or livestock is considered fresh if the TVBN value is less than 15 mg/100 g [41] or
TVBN is <10 mg N /100 g [42]. Moreover, SNI 2354.8:2009 states that the standard levels of
TVBN fit for consumption is 20-30 mg N /100 g [43].

In this study, the values of TVBN increased throughout the storage period (observed ev-
ery 4 h), indicating that the meat’s quality continued to deteriorate owing to the breakdown
of proteins into volatile base compounds. According to Bekhit et al. [10], the increase in
TVBN value is due to protein degradation by microorganisms that results in the formation
of foul-smelling chemicals, such as ammonia (NH3), basic skatole and indole compounds,
mercaptans and H,S (which are weak acids), and amines and cadaverin (which are strong
bases). The results demonstrated that the addition of garlic extract to the active packaging
films delayed the spoiling of the meat samples likely because the garlic’s active compo-
nents prevented microbial development, thereby lowering the synthesis of nitrogenous
base compounds in the meat caused by bacteria and autolytic enzymes during the rotting
process. This conjecture was supported by Al Hakim et al. [44] and Reiter et al. [37], who
reported that garlic extract has the ability to block microbe-produced enzymes involved in
the breakdown of proteins into volatile base chemicals.
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3.4. TPC of the Microbes in the Beef Samples

The TPC of bacteria in the meat samples was determined to assess the utility of the
active packaging films (Table 3).

Table 3. Total plate count (TPC) of packed meat stored at room temperature for 24 h.

Addition of Garlic Extract to the Active Packaging Film

?it::l?(gﬁ) 0% 5% 10% 15% Average
log CFU/mL

0 2.53 + 0.64 2.53 + 0.64 2.53 + 0.64 2.53 + 0.64 2.53+0.00?
4 518 +£0.20 464+ 0.16 3.83 +0.30 3.91 £0.10 439 +0.64°
8 543 +0.21 5.33 +0.07 4.83 +0.40 5.04 £ 0.06 516+ 0.27°¢
12 7.65 +0.39 6.20 & 0.00 5.514+0.10 5.34 £ 0.08 6.18 + 1.05 4
16 8.89 £ 0.67 7.44 £ 0.03 7.47 £0.26 6.78 £ 0.67 7.64 +£0.89 €
20 10.04 +0.58 830+ 1.35 7.57 £ 0.60 8.28 £ 0.06 8.55 4+ 1.08
24 10.36 +0.15 9.53 £ 0.39 9.44 + 0.68 9.25 4+ 0.03 9.65+0.498

Average 715+289¢  628+237° 583+241° 588+2392

The mean value followed by different letters showed a significant difference based on the Duncan’s test at the
5% level (p-value < 0.05).

A statistical test revealed a highly significant difference between the active packaging
(0.000 < 0.005) and storage time (0.000 < 0.005) on the TPC value. However, the statistical test
results of the interaction between active packaging and storage time (0.09 > 0.005), on the
other hand, did not show a significant effect on the TPC value (Table 3). At 0 h of the storage
period, the initial TPC value (Log TPC) of all meat samples was 2.53 £ 0.64 CFU/mL
(Table 3). Thus, the meat samples were classified as fresh on the basis of microbiological
quality. Throughout the storage period, the TPC value increased until it reached the
maximum number of meat microbes permitted by SNI 3932:2008 on carcass and beef
quality, which is 1 x 10® CFU/mL or equivalent to Log TPC 6 CFU/mL. At 12 h of
storage, the meat samples packaged with the control film (0%) and those added with
5% garlic extract did not fulfil the microbiological requirements as they had a Log TPC
value of 7.65 + 0.39 and 6.20 + 0.00 CFU/mL, respectively. By comparison, the meat
samples treated with the active packaging films and 10% and 15% garlic extract did not
fulfil the microbiological requirements after 16 h of storage as they have a Log TPC value
of 7.47 £ 0.26 and 6.78 + 0.67 CFU/mL, respectively. This result demonstrated that the
active packaging films with 10% and 15% garlic extract in the meat packaging system
can inhibit microbial growth and extend the shelf life of meat by up to 4 h because allicin
can inhibit the growth of both Gram-positive and Gram-negative bacteria by destroying
the sulfhydryl group bound to bacterial proteins. This process is important because the
sulfhydryl group is required for bacterial cell division or acts as a specific stimulator for
cell multiplication. Allicin damaged the RNA and DNA of bacteria and thus inhibits their
growth and development in meat. Likewise, Deresse [45] reported that allicin can suppress
the growth of both Gram-positive and Gram-negative bacteria by completely inhibiting the
syntheses of bacterial RNA, DNA, and proteins.

The total microbial content of the meat samples continued to increase during the
entire storage period (Table 3) because meat contains a high nutrient and water content,
which provides an ideal environment for microorganism growth. Moreover, storage at room
temperature can accelerate the growth of microorganisms. According to Soeparno [46], meat
has the ideal conditions for microorganism growth because it contains a high proportion
of water (68-75%), it is rich in nitrogen-containing substances of varying complexity, it
contains various fermentable carbohydrates, it is rich in minerals and essential nutrients for
microorganism growth, and it has a suitable pH for microorganism growth (pH 5.3-6.5).
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3.5. Changes in the Color of the Intelligent Packaging BTB Indicator Solution as a Measure of the
Freshness of the Meat Packaged with the Active Packaging Films

Using fresh beef packaged and maintained at room temperature for 24 h, Dirpan
et al. [7] determined that BTB solution (pH 2.75) produces the most readily visible color
changes to sensitivity tests. In this study, the BTB solution (pH 2.75), as the intelligent
packaging indicator, was also utilized to evaluate changes in its color as a reflection of the
freshness of the meat samples packed with the active packaging films (Figure 3).

7 140 Rotten T 140 Rotten
£ UseSoon| . lleec 1234 2 Use Soon 11245 1168b
o= A €120 102.0b
§ 5 95.6b
% 100 Fresh § 100
s w0 5 80
s [+]
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Figure 3. Changes in the color of the BTB solution (pH 2.75) as the intelligent packaging indicator
reflecting the freshness of the meat samples packed with the active packaging films with (a) 0%;
(b) 5%; () 10%; and (d) 15% of garlic extract. The mean value followed by different letters showed a
significant difference based on the Duncan’s test at the 5% level (p-value < 0.05).

During the entire storage period, the intelligent packaging indicator changed in three
different color that corresponded to three phases of the meat samples’ level of quality
(Figure 3). In phase I, its color was orange, indicating that the meat samples were still
fresh. In phase II, its color was green with an orange hue, suggesting that the meat samples
should be consumed immediately. In phase III, its color was dark green, denoting that the
meat samples were already spoiled. The change in the indicator’s color from orange to
green indicated that the quality of the meat samples had deteriorated. The changes in the
indicator’s color were due to the interactions of alkaline volatile compounds produced by
enzyme activity, and the metabolism of the microorganisms present in the meat samples
increased with storage time. The early sign of spoilage was indicated by the release
of volatile alkaline compounds as the microorganisms and the enzymes degraded the
nutritional content of the meat samples. These compounds gradually accumulated in
the packaging system, causing an increase in pH, which was detected by the intelligent
packaging indicator and displayed as gradual color changes. The change in color of
the intelligent packaging indicator (BTB, pH 2.75) from orange to green was induced by
deprotonation or the release of a proton from the intelligent packaging indicator dye [47].
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The meat samples packaged with the active packaging films without garlic extract
(0%) and 5% garlic extract were still fresh from the start of the storage up to 8 h (Figure 3).
However, they must be immediately consumed from the 8th h to the 12th h of the storage
period. Thereafter (12-24 h of the storage period), they were already spoiled. This result
was consistent with that of TPC tests, which showed that the TPC values were above the
acceptable threshold for microbial contaminants (1 x 10° or equivalent to 6 CFU/mL) in
meat after 12 h. In comparison, the meat samples packaged with the active packaging
films containing 10% and 15% garlic extract were still considered fresh from the start of
the storage period up to the 12th h. They must be immediately consumed when they had
been in storage for 12-16 h. Finally, they were considered rotten when they had been
in storage for 16-24 h. This result was also consistent with that of TPC tests (Table 3),
which indicated that at the 16th h, the TPC value surpassed the permissible level of
microbiological contamination in beef. Statistical analysis revealed that storage duration
had a very significant effect on the Hue value, the indicator of color change in the intelligent
packaging. The changes in the color of the intelligent packaging indicator (BTB solution,
pH 2.75) when used together with the active packaging films to reflect the freshness of meat
are presented in Table 4.

Table 4. Changes in the color of the intelligent packaging indicator (BTB solution, pH 2.75) when
used together with the active packaging films to reflect the freshness of meat.

Storage Time(h)

Active Packaging Films Added with Garlic Extract

0% 5% 10% 15%

12

16
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Table 4. Cont.

Active Packaging Films Added with Garlic Extract

Storage Time(h) 0% 5% 10% 15%
20
— J
24

i

3.6. Correlations between Changes in the Color of the Intelligent Packaging Indicator and the
Effects of the Active Packaging Films on the Parameters of Meat Freshness

The correlations between changes in the color of the intelligent packaging indicator
and parameters of meat quality deterioration (pH, TVBN, and TPC) were explored to
ascertain the relationship between the sensitivity of the intelligent packaging indicator to
meat freshness and the effectiveness of the active packaging films in slowing the process of
meat spoilage.

Based on Figure 4, it is known that the color change of the intelligent packaging
indicator which is indicated by an increase in the Hue value is in line with the increase in
all values of the meat deterioration parameter. The meat samples packaged with the control
film and those treated with 5% garlic extract were rotten and unfit for consumption after
12 h of storage as their Log TPC value was 7.65 &= 0.39 and 6.20 £ 0.00 CFU /mL, respectively,
and their TVBN value was 20.67 & 2.68 and 16.19 + 0.28 mgN/100g, respectively (Figure 4).
In comparison, the meat samples treated with the active packaging films and 10% and 15%
garlic extract were rotten and unfit for consumption after 16 h of storage as their Log TPC
value was 7.47 £ 0.26 and 6.78 £ 0.67 CFU/mL, respectively, and their TVBN value was
26.41 &+ 3.31 and 25.43 £ 4.89 mgN /100 g, respectively.

Meat that was treated with active packaging film without addition (0%) and with the
addition of 5% garlic extract experienced a change in indicator color from orange (fresh)
with a Hue value of 19.6° and 19.20°, respectively to green (rotten) with Hue values 96.2°
and 95.6°, respectively. Meanwhile, the meat that was treated with active packaging film
with the addition of 10% and 15% garlic extract experienced a change in indicator color
from orange (fresh) with Hue values 18.2° and 19.6°, respectively, to green (rotten) with
Hue values 98.2° and 99°, respectively. Wiryawan [48] observed that when garlic extract
was added to the active packaging, the values of TPC and TVBN and the pH of the meat
increased more slowly, as did the color of the intelligent packaging indicator, compared
with those of the meat without the active packaging.

Furthermore, the increase in the values of TPC and TVBN linearly correlates with the
increase in Hue value and color changes of the intelligent packaging indicator because
the accumulated volatile base compounds raise the pH value of the packaging system,
causing the intelligent packaging indicator to experience a color shift. This explanation
was in agreement with that of Pacquit et al. [12], who applied active packaging films to cod
fish. They stated that the increase in the TPC value of cod fish has a linear correlation with
changes in the color of the cellulose-acetate packaging film sensor.
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Figure 4. Correlations between changes in the color of the intelligent packaging indicator and the
effects of the active packaging films with (a) 0%; (b) 5%; (c) 10%; and (d) 15% garlic extract on the
parameters of quality deterioration of meat stored for 24 h.

On the other hand, the pH of the sample fluctuated making it difficult to determine
the level of quality degradation in meat. However, the interpretation of the TPC and TVBN
values, on the other hand, is clear enough to represent a decrease in meat quality which
is correlated with an increase in the Hue value of changes in the intelligent packaging
indicator. This good correlation demonstrates the accuracy of the film formulation in the
monitoring of meat freshness, which is the aim of using intelligent packaging.

4. Conclusions

The paper concludes that intelligent packaging indicators using BTB (Bromothymol
blue) pH 2.75 solution can be used as an indicator to identify a decline in the quality
of packaged meat. The indicator’s color changes are easy to observe visually, namely
the orange indicator indicating that the meat is still fresh and the dark green indicator
indicating that the meat has rotted and is unfit for consumption. On the other hand, the
use of active packaging can extend the shelf life of meat by 4 h longer when using high
concentrations of garlic extract. This demonstrates that intelligent and active packaging,
which are typically studied separately, have the potential to be combined and researched
together using the same basic ingredient, namely bacterial cellulose.
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