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Preface

We are proud to inform you that the I nternational Conference on Sustainable Agriculture, Food, and
Energy (SAFE2019): Green Agri-food Energy Production for a Better World in a Changing
Climate” which will be held from October 18-21, 2019 in Phuket, Thailand. The co-host institution is
Chiang Mai University, Thailand, Chiang Mai Rajabht University, THAILAND and ANDALAS
University, INDONESIA. This conference is the 7" conference after the 1% International Conference on
Sustainable Agriculture, Food, and Energy (SAFE2013) in Padang, Indonesia (12-14 May 2014), the
2 conference SAEE2014 in Bali, Indonesia (17-19 September 2014). The 3 conference SAFE2015 in
Ho Chi Minh City, Vietnam (17-19 November 2015), 4" conference SAFE2016, Colombo, Sri Lanka
(October 20-22, 2016), the 5" conference SAFE2017, Mdaysia, August 22-24, 2017. and the
6" conference of SAFE2018, Manila. Philippines[October 19-21, 2018].

The objectives of the conference were:

To provide aforum for international researchers community to exchange and share the experiences, new
ideas, sustai nability concepts and research results on sustainable agriculture, food , and energy.

To promote collaboration in research on sustainable agriculture, foods, and energy production. To
establish aregional networking among participants on sustainable agriculture, food, and energy.

To increase awareness of the importance of living and working in the manner that enhances the
economic, environmental and social well-being of our community through research, education,
regiona partnerships, and community engagement.

The committee accepted 90 papers of over 300 papers which were presented in SAFE2019 conference.

On behdf of SAFE-Network, we would like to convey our appreciation and thanks very much to Chiang
Mai University, Chiang Mai Rgjabhat University, and the Phuket Rajabhat University, Phuket. Thailand

We would like especialy to thank Prof. Dr.Tafdil Husni, Rector of Andalas University for his strong
support to this event, Dr. Sermkiat Jenjunyong, local conference coordinator and the members of the
local organizing committee who helped with all the preparations required to make the conference a success,
as well as the session organizers who worked to ensure a high level of science presented at the meeting.
Moreover, of course, we thank al honorable speakers and participants who have agreed to attend and
discuss your work! Finaly, please understand that while every effort was made to publish this proceeding,
we know that unavoidable withdrawals and other changes will occur.

L ooking forward to welcoming you to the SAFE2020 conferencein Jgju, Koreal

Prof. Dr. Novizar Nazir
SAFE-Network Executive Chairman
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To provide aforum for international researchers community to exchange and share the experiences, new
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establish aregional networking among participants on sustainable agriculture, food, and energy.

To increase awareness of the importance of living and working in the manner that enhances the
economic, environmental and social well-being of our community through research, education,
regiona partnerships, and community engagement.

The committee accepted 90 papers of over 300 papers which were presented in SAFE2019 conference.
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as well as the session organizers who worked to ensure a high level of science presented at the meeting.
Moreover, of course, we thank al honorable speakers and participants who have agreed to attend and
discuss your work! Finaly, please understand that while every effort was made to publish this proceeding,
we know that unavoidable withdrawals and other changes will occur.

L ooking forward to welcoming you to the SAFE2020 conferencein Jgju, Koreal
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Abstract

Beef is a food source with a high protein content that would be ideal for
microbes to flourish. Microbes would reduce the quality of a product. Therefore,  Article History
an indicator on smart packaging would be needed to detect the quality of a  Received December 22, 2021
product. The indicator film in this study used butterfly pea flower extract which  Accepted June 14, 2022
contains a natural coloring agent, anthocyanin. The objective of this study was to
obtain the indicator film with the best concentration of PVA, chitosan, and
butterfly pea flower extract as the natural dye, to study the response of indicator ~ Keyword
film color, pH, and thickness, to the beef pH and TVBN, and to calculate the total ~ Anthocyanin;
microbes as the determinant of the beef quality. The study consisted of three  butterfly pea extract;
steps, namely, the extraction of butterfly pea flower, the making of indicator  thickness;
film, and the application of indicator film on beef packaging. The best indicator  volatile bases
film was obtained with the formulation of PVA and chitosan of 20:80 with the
addition of 5 ml of butterfly pea extract. The color change was from blue to
yellowish-green with °hue of 137.81+19.310. The thickness of indicator film in 48
hours of storage decreased from 0.171+0.042 to 0.136%0.043. The pH of beef
increased after 8 hours of storage from 5.726+0.011 to 7.540+0.351. The TVBN
of beef after 8 hours of storage had exceeded the threshold of 30.815+5,602
which indicates that it was not safe for consumption. The TPC of beef from the 8
hours of storage had exceeded the maximum number of 7.338+0.035 log CFU/g.

Introduction

Beef consisted of water, fat, protein, carbohydrate, vitamin and several minerals
(Prasetyo et al. 2013; Komariah et al. 2009). The chemical compositions of beef are 77.65%
water. 14.7% fat and 18.26% protein (Prasetyo et al. 2013). The high protein content in beef
causes microbes to grow and multiply so that it can reduce product quality. Efforts to
increase the shelf life of beef to slow down the quality degradation due to contamination
can be done by storing at low temperatures, using natural preservatives, and good
packaging.

The current innovation of packaging is smart packaging. Smart packaging is a
packaging system that can monitor temperature, freshness, the presence of microbes, and
product shelf life (Ahmed et al. 2018). Smart packaging has a pH indicator that can use
natural or synthetic dyes. This study used butterfly pea flower as a natural dye in smart
packaging because currently its utilization has not been maximized compared to its big
potential to be used as a natural pH indicator. Butterfly pea flower has a color pigment
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called anthocyanin which can be useful as an indicator of changes in pH. Based on research
conducted by Vankar & Jyoti (2010), the anthocyanin levels in the butterfly pea flower are
227.42 mg/kg.

Based on this information, the use of butterfly pea flower as a natural dye in
indicator films needs to be developed. The presence of a natural dye in indicator film on
smart packaging plays a role in detecting the quality of the product directly which is
proportional to its color change. The objective of this study was to obtain an indicator film
with the best concentration of polyvinyl alcohol (PVA), chitosan, and butterfly pea flower
extract as the natural dye, to study the color response of the indicator film on changes in
color, pH, thickness, Total Volatile Base Nitrogen (TVBN) of beef, and to calculate the total
microbes as a determinant of beef quality.Based on this information, the use of butterfly
pea flower as a natural dye in indicator films needs to be developed. The presence of a
natural dye in indicator film on a smart packaging plays a role in detecting the quality of the
product directly which is proportional to its color change. The objective of this study was to
obtain an indicator film with the best concentration of polyvinyl alcohol (PVA), chitosan, and
butterfly pea flower extract as the natural dye, to study the color response of the indicator
film on changes in color, pH, thickness, Total Volatile Base Nitrogen (TVBN) of beef, and to
calculate the total microbes as a determinant of beef quality.

Materials

The study was conducted from May to July 2019 at the Laboratory of Microbiology
and Biochemistry, Department of Food Technology, Faculty of Bioindustry, Trilogi University,
Jakarta, and at Testing Laboratory of the Bogor Agricultural Postharvest Research and
Development Center.

The materials used in this study were categorized into four types namely the
materials to extract butterfly pea flower dye, the materials to make the film/ packaging, the
materials for applying the indicator film, and the materials for analysis. The materials used
for extracting the color from butterfly pea flowers were butterfly pea flowers obtained from
a garden in the Kedung Halang region and distilled water. The materials for making the
indicator film were chitosan polyvinyl alcohol (PVA), acetic acid, distilled water, and glycerol.
The materials for applying the indicator film were beef obtained from Lenteng Agung
market, plastic wrap, and styrofoam. The materials for analysis were aluminum foil,
Whatman's filter paper no. 1, Rofa Labolatorium Centre's Vaseline, Nitra Chemical's 7% TCA
solution, Rofa Labolatorium Centre K2CO3, Merck's ethanol 97%, Merck's HCL 1.5 N,
Merck's HCl 0.02 N, Pudak Scientific's boric acid 3%, Nitra Chemical's bromocresol green
(BCG), Pudak Scientific's methyl red (MR), Merck's peptone water (BPW) buffer media, and
Merck's plate count agar (PCA).

Tools for extracting the butterfly pea flower were Excalibur dehydrator, Kern
analytical balance, Thermo TA288 thermometer, stove, pan, and stirrer. The tools used to
make the indicator film are Kern analytical balance, beaker glass, Stuart hot plate, magnetic
stirrer, Thermo TA288 thermometer, measuring cup, and plastic mold (size 12x12cm). The
tools used for analysis were Memmert incubator, Hirayama autoclave, Agilent Technologies
pH meter, Tricle Brand screw micrometer, TCR 200 chromameter, Memmert oven, beaker,
mortar and pestle, Bunsen, test tube, petri dish, burette, stative, vortex mixer. ZX3,
Erlenmeyer, Conway dish, micropipette, and UV-Vis spectrophotometer.
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Methods
Butterfly Pea Flower Extraction (Sinha et al. 2012 modified)

The butterfly pea flowers were first dried using a dehydrator at 60 °C for 1 hour
(modified from the previous method without drying), and then the flowers were cleaned
and weighted to get 5 grams. In a saucepan, 250 mL of distilled water and 5 grams of
flowers were added then bring to 80 °C for 5 to 10 minutes. After extraction, the flowers
were separated and the extract was used for the next step.

The Making of Indicator Film (Nofrida 2013 modified)

The indicator film was made by using chitosan-acetate, PVA, and glycerol. The
composition used was the combination of 3% PVA (w/v) and 3% chitosan-acetate (w/v) with
the addition of glycerol as a plasticizer of 1% (v/v) of the total solution volume. The tested
factor was the addition of the dye, using 5, 10, 15, and 20 mL of dye/100 mL of film solution.
The dye used was the butterfly pea flower extract.

In the first step, PVA was dissolved with distilled water at 80 °C for 30 minutes using
a magnetic stirrer. Next, the chitosan was dissolved in a 1% acetic acid solution. The
dissolved PVA solution was added with dissolved chitosan with a volume ratio that can be
seen in Table 2. The next step was to add 1% glycerol and then homogenize it by stirring,
then add 5, 10, 15, or 20 mL of natural dyes from butterfly pea flower per 100 mL of film
solution. The homogeneous film solution was poured into 12x12 cm plastic molds and dried
at room temperature (25+3 °C) with a modified time of 48 hours, while research conducted
by Nofrida (2013) used 24 hours.

The Application of Indicator Film on Beef Packaging (Octavia 2015 modified)

Beef cutlet of 60 gram was put on styrofoam and covered with cling plastic wrap
with 3 x 3 cm of indicator film attached to it on the inside. The beef was then stored at a
modified room temperature of (25 + 2) °C for 48 hours. The storage temperatures in the
study by Octavia (2015) were in room temperature of (25 + 2) °C and cold storage of (4 + 2)
°C. The observation at (25 * 2) °C was conducted at 0, 8, 24, 32, and 48 hours to observe the
color changes of the indicator film.

Analysis Methods

The main research carried out in this study included testing the pH of the butterfly
pea flower extract, measuring the anthocyanin content (Less & Francis 1972 in Nofrida
2013), testing the thickness of the indicator film (Nofrida 2013), color analysis of the
indicator film (Hunter 1958 in Octavia 2015; Nofrida 2013); The analysis of meat quality
degradation includes the pH test of the beef (Mega et al. 2009), the Total Plate Count (TPC)
test (BSN 2008), and the Total Volatile Basic Nitrogen (TVBN) test (BSN 2009).

Results and Discussion
Chemical Characteristic of Butterfly Pea Flower Extract

The butterfly pea flower is one of the flowers with the potential as a natural dye
source. The extract of butterfly pea flower can be used as a natural dye in the making of
indicator film due to its anthocyanin content. The chemical characteristic of butterfly pea
flower extract had been analyzed by measuring the pH and its anthocyanin content.
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The analyzed butterfly pea flower extract analyzed had a pH value of 5.838 and the
produced color was purplish-blue. Analysis of the pH aims to see the degree of acidity of the
butterfly pea flower extract. The acidity level of the butterfly pea flower extract can affect
the stability of the anthocyanin compound. The results of the pH analysis obtained of the
butterfly pea flower extract are in the normal pH range because based on the determination
of the pH route carried out by Nikijuluw (2013) at pH 5 to 7 anthocyanin has stable color as
at neutral pH, which was blue so that at that pH it can be used as an indicator film.

The result for anthocyanin content of butterfly pea flower was 218.323 mg/kg. The
study by Vankar & Jyoti (2010) obtained higher anthocyanin content which was 227.42
mg/kg. This was due to the difference in the extraction method and the difference in the
solvent used. The extraction process of butterfly pea flower used by Vankar & Jyoti (2010)
was maceration methods which kept in room temperature in the dark using methanol
solvent and acidified using 0.1% HCI, while in this study the method used was hot
maceration by applying heat at 80 °C for 5 to 10 minutes using distilled water as solvent.

This study used the hot maceration method because the materials and the technique
needed were simple. In addition, the butterfly pea flower is polar so it will be easily
dissolved with water in the heating process. The methanol solvent maceration method
would get a more concentrated extract color, but the extraction process is quite long
because of the evaporation process to evaporate the methanol in the solution. In addition,
the evaporation process is feared to leave residual methanol which can affect the further
analysis process.

Determination of the Best Formulation

The objective of this study was to obtain the best indicator film formulation of the
PVA and chitosan composition with the addition of butterfly pea flower extract as a natural
dye. Based on the previously determined formulation, the next step was to apply the
indicator film. The application was to study the color changes in butterfly pea flower dyed
indicator film.

The observation results of indicator film in 48 hours showed that there was a color
change in the film with 5 ml butterfly pea flower extract while in the film with an additional
of 10, 15, and 20 mL of extract did not show any changes. The more concentration of
butterfly pea flower extract in the indicator film, the more vibrant the color and resulted in
less observable color change. The five formulations (F1-F5) of indicator film showed that the
best formulation was F1 with the composition of PVA: chitosan of 20:80 (Figure 1).

The best formulation which was F1 showed color changes from blue to yellowish-
green. The color change in indicator film occurred because of the protein degradation
process of beef. The result of the degradation process was the volatile base that would
evaporate and react with indicator film (Riyanto et al. 2014).

’ - | ' — —— ' = — .
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Figure 1. Indicator film with the addition of 5 mL butterfly pea flower extract
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Indicator Film Color Change During Storage

The color change of indicator film indicates the quality changes in the product kept
inside the smart packaging. The color change in the film occurred because the meat
undergoes a decomposition process. As the beef decayed, it produced an unpleasant aroma
from the formation of volatile alkaline compounds such as ammonia, dimethylamine, and
trimethylamine. Volatile bases were the product of the protein decomposition process into
amino acids by bacteria (Iskandar 2014). The gas produced during the decomposition
process would interact with the indicator film containing anthocyanins. The anthocyanin
compounds in the butterfly pea flower are sensitive to changes in the degree of acidity. This
can be indicated by the change in color of the anthocyanin in the butterfly pea extract as
the pH change from acidic to alkaline. The volatile compounds produced during the
decomposition process are collected in the packaging and cause the pH of the indicator film
to change.

Table 1. Color change of indicator film with butterfly pea extract during storage

Duration of

Storage Hue Color* Smart Packaging Indicator Film
Value Range
(hours)
171,03 +
0 4,12 Green

p—
163,84

151,48 + Yellow to
2,20 green

24

151,15 + Yellow to

32 0,53 green
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137,81 + Yellow to

48 19,31 green

Note: (*) chromatic color range according to Hutchings (1999) in Nofrida (2013)

There was a decline in the °hue value of indicator film after 48 hours of storage. The
decline started from hour 0 of 171.03 +4.120 to hour 8 of 163.84+ 0.420. The °hue value at
hour O was categorized as green and still green at hour 8. The °hue value continued to
decline at hour 24 to 151.48+2.20, at hour 32 to 151.15%#0.530, and at hour 48 to
137.81+19.30.

The decline in °hue value of indicator film had a regression equation of y= -0.664x +
169.9 with a strong correlation value (R?) of 0.978. This showed that the storage time is
correlated with the color change of the indicator film. A negative slope value showed a
declining graph model during the storage process from hour 0 to hour 48 which can be seen
in Figure 2.

180 i'.l.?ll:ﬂi-‘-'l 12 161 A8+2 2
1650 _‘_‘—0——_._._,__’_ T 137 8119
140 163,84 + 01,47
1% 151.1540.53
£ 100
_'E_ A0
E ¥ = 20,6641+ 169,94
a0 R? = 0,978
20
n - '
n 8 16 24 32 A i
Lama Penyimpanan {Jam)

Figure 2 Indicator film °hue value during storage

The total of indicator film color change during storage can be shown with AE value
by calculating the changes of L*, a*, and b* value from indicator film during storage. The AE
value obtained (Figure 3) showed that there was a significant increase at hour 0 of 0.7£0.80
to 3.1441.26 at hour 8, 3.87+£0.52 at hour 24, 4.74+0.7 at hour 32, and significantly increase
to 7.05%£3.55 at hour 48. The regression equation was y= 0.117x + 1.270 with strong
correlation value (R2) of 0.937. This showed that duration of storage was correlated with
increasing AE. A positive slope value showed that the graph model was increasing during the
process.

The increasing AE value caused the color change of indicator film from green to
greenish-yellow for 48 hours. The color change in indicator film during storage showed that
the beef underwent a decaying process and produced volatile bases that were interacted
with the film.
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Figure 3. Value of indicator film

Indicator Film Thickness During Storage

The indicator film thickness was measured to observe the changes during storage.
The volume of solution and the size of the mold affected the film thickness (Setiautami
2013). When using molds of the same size could produce different thicknesses depending
on the solution volume used. The higher the volume, the thicker the film produced.

The indicator film thickness changes during storage were shown in Figure 4. The
thickness at hour 0 was 0.171 +0.042 mm and then kept declining up hour 48 to
0.136+£0.043 mm. The indicator film thickness had a regression equation of y = -0.0007 +
0.169 with a strong correlation value (R2) of 0.915. This showed that the storage duration
correlated with film thickness. A negative slope value showed that the graph model was
declining from hour 0 to hour 48.

The decline in thickness showed that the film was getting thinner. According to
Jabbar (2017), the thickness was affected by the film resistance from water vapor, gas, and
volatile compound transmission. The thinning of indicator film was caused by the process of
water vapor transmission from the product. This process would cause the environmental
conditions inside the packaging to become moist so that the indicator film was getting
thinner due to interaction with water vapor. In addition, chitosan which was used as the
base material for making this indicator film cannot hold water vapor well which causes the
film to decompose and causes the indicator film to thin during the storage process
(Fehragucci 2012).

Furthermore, Ridhawati (2016) stated that the concentration of plasticizers can
affect water vapor transmission. The plasticizer used in this indicator film was glycerol. The
addition of glycerol as a plasticizer could increase the permeability of indicator film so that
evaporated water could get through the film easily and cause the thinning of indicator film.
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Figure 4. Indicator film thickness during storage

Beef pH Value During Storage

The pH value is an indicator to determine the level of acidity of the beef meat.
Analysis of pH became an important factor in determining the quality of beef because the
pH value can show the decrease in the quality of stored beef. In addition, analysis of pH in
the use of smart packaging was the benchmark for the level of quality changes of beef with
changes in the color of the indicator film.

The graph of changes in the pH value of beef is shown in Figure 5. The pH value of
beef at hour 0 was 5.761+0.034 and decline to 5.726+0.011 at hour 8. The decline in beef
pH was due to the anaerobic glycolysis process that change glycogen into lactic acid
(Kurniawan et al. 2014). This process would continue until the glycogen reserves in the meat
tissue were depleted. This study was similar to Pangestika (2017) which showed that the pH
value of meat decreased at hour 8, from pH 7 to 5.6.

Based on the obtained results, the pH value from hour 8 to hour 48 increased from
5.726+0.011 to 7.540+0.351. The increase in pH value was due to the formation of volatile
bases compounds from the decomposition process of protein (Azizah 2015). The increase of
pH showed the rigor mortis phase had stopped and had entered the post rigor phase. The
post rigor phase is characterized by the formation of aroma and the meat becomes soft
again (Anggraeni 2005).

The beef pH value had regression equation of y = 0.039x + 5.597 with strong
correlation value (R2) of 0.971. This showed that storage duration is correlated with beef pH
value. A positive slope value showed that the graph model was increasing from hour 8 to
hour 48.
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Figure 5. Beef pH value during storage

Beef TVBN Value During Storage

The freshness of beef can be determined by the Total Volatile Base Nitrogen (TVBN)
test. The principle of the Total Volatile Base Nitrogen (TVBN) test was to evaporate the
volatile base nitrogen such as amino-, mono-, di-, and trimethylamine during storage
(Hasnedi 2009). The presence of those compounds caused the unsavory odor of beef during
storage at a temperature of 25 °C with RH 50%. The storage temperature affects the
microbial activity which caused the formation of volatile compounds from meat (Heising
2014).

The value of beef Total Volatile Base Nitrogen (TVBN) during 48 hours of storage in
temperature of 25 °C and RH 50% showed in Figure 6. The TVBN value increased during
storage. The first measurement at hour 0 showed a TVBN value of 16.808+6.496 mg N/100
g, which increased to 30.815+5.602 mg N/100 g at hour 8. The increase of Total Volatile
Base Nitrogen (TVBN) continued to hour 48 which was 58.829+10.728 mg N/100 g. The
value of beef TVBN had a regression equation of y = 0.829x + 20.64 with a strong correlation
value (R2) of 0.968. This showed that storage duration was correlated with beef TVBN. A
positive slope showed that the graph model increased during storage from hour 0 to hour
48.

The increase of Total Volatile Base Nitrogen (TVBN) was due to the increase in
activity of microbes that decompose protein compounds into amino acids which produce
volatile base compounds such as ammonia due to the deamination of amino acids during
decomposition (Cristiana et al 2007). In addition, trimethylamine (TMA) compounds are
produced by the degradation of decomposition bacteria (Jinadasa 2014). The increase in
these compounds correlated with the deterioration of beef quality and the odor produced
when the meat entered the rotten phase.

Based on the study by Byun et al. (2003), the limit for TVBM for beef was 20 mg
N/100g. The obtained TVBN value at hour 8 had already passed the threshold which was
30.815+5.602 mg N/100 g that indicates that beef had already entered the rotten phase and
was not suitable for consumption.
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Figure 6 Value of beef TVBN during storage

Beef Total Plate Count (TPC) During Storage

Bacterial activity is responsible for the spoilage of beef during storage. The Total
Plate Count (TPC) test was carried out to determine the number of bacteria contained in
beef so that the quality of the meat can be determined. The results of the Total Plate Count
(TPC) test on beef stored at 25 °C with 50% RH were shown in Figure 7.

The beef TPC value at hour 0 was 5.483+0.067 log CFU/g. The TPC value then
increased significantly at hour 8 to 7.338+0.035 log CFU/g. The increase in total bacteria
continued to hour 48 of storage which was 10.474+0.196 log CFU/g. Based on that data the
regression equation can be obtained, which was y = 0.105x + 6.294 with a strong correlation
value (R2) of 0.861 (Figure 7). This showed that storage duration was correlated with the
number of bacteria on the beef meat. A positive slope value showed that the graph model
increased during storage.

An increase in the number of bacteria in beef with increasing storage time indicates
a decrease in meat quality (Anggraeni 2012). Parameters that showed the decreasing quality
of meat caused by bacteria were changes in color, aroma, texture, formation of a slimy
compound, the emergence of gas, and increase in liquid (Dengen 2015). According to SNI-
7388-2009, the microbiological requirements contained in beef for consumption should not
exceed 1x106 CFU/g or about 6 log CFU/g. The TPC value of beef at hour 8 of storage was
7.338+0.035 log CFU/g, which had exceeded the maximum microbial limit set so that beef
was not suitable for consumption anymore because it had been damaged.
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Figure 7. Beef TPC value during storage
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Conclusions

Butterfly pea extract can be used as a natural dye in the making of indicator film due
to its anthocyanin content of 218.323 mg/kg and pH of 5.838. The best formulation for
indicator film was obtained with the composition of polyvinyl alcohol (PVA and chitosan
20:80 with the addition of 5 mL of butterfly pea flower extract. Based on the data obtained
the pH of beef increased after 8 hours of storage from 5.726+.011 to 7.540+0.351 which
indicates that the beef had already entered the rotten phase. The Total Volatile Base
Nitrogen (TVBN) value obtained at hour 8 was 30.815+5.602 mg N/100 g and already
exceeded the threshold of 20 mg N/100g. At hour 8 of storage, the beef TPC value was
7.33840.035 log CFU/g and showed that the number of bacteria had already exceeded the
maximum limit of 6 log CFU/g. The TVBN and TPC value at hour 8 of storage showed that
the beef was not safe for consumption. The application of indicator film on beef packaging
showed that there was a correlation between the decline of beef quality with the color
change of indicator film. The color change of indicator film in 48 hours of storage was from
green to yellowish-green with film thickness changed from 0.171£0.042 mm to 0.136+0.043
mm.
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Indicator Film of Natural Coloring of Butterfly Pea (Clitoria
ternatea L.) as Detection of Beef Damage
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Abstract

Beocf s a food sowce with a high protoin content that would be idesd for
microbesy to lowish, Microbes would reduce the gualty of & product. Thenefars,
an indicator on sman packaging would be needed to detect the qualty of &
prodLc] . The ndscatos il in theE sudy used arfly paa Nower &xpiact shich
cartasns a natural colorning agant, ankhooyanin, oitjectiva of this study was to
chiain the Rilater fllm with the best soncertration of PYA, chitosan, and
butterfiy pea Flower sxtract as the natural dye, to sbudy the response of indicstos
fim codar, pH, and thickness, to the beel pH and TVBM, and 1o cakulate the todal
microbes as tarminant of the baef guality. The shedy consisted of thres

sieps, ramely, e extraction of buttery pea lower, the making of indicator dm,
and the application of indicatar film on beef packaging: The best indicatar film was
chiained with the formulation of Pya send chitesan of 20:80 with the additicn af
5 il af buter Ty pea exiracl. The calar change was from blue o yelowish-green
with "hue of 137.81+19.3 1 The thickress of irdicatar film in Ehawrs of starage
decraped from 017140042 to 0L136+00003. The pH of besf increazed ahter &
howrs of storsge Trom 5760011 1o 7.54040.351, The TWVEMal beef after 8
howrs of siorage hed sxce=ded the threshold of 3008155, 602 which indicates that
it wias not safe for consematian, The TPC of beef fram the 8 hawrs of siorage han
pppeafed the fmasrmiem rurmbsr af 733840055 og CFLSE.

Introduction

Beef consisted of water, fat, proteln, carsobydrate, vitarmin and several minerals
[Prasetye et al. 2013; Komariah et al. 2009). The chemical compositions of beef ara T7.65%
weater. 14.7% fat and 18.26% protein [Prasetyo et al. 2013). The high protein content in beef
causes microbes to grow and maltply o that it can reduce product quality. Efforts to increase
the shelf Hfe of beef to slow down the quality degradation due to contarination can be dome
by storing at low temperatures, using natwral presanmtives, and g achaging.

The current innovation of packaging Is smart packaging. Smart packaging Is a
packaging system that can meniter temperature, freshness, the presence of microbaes, and
prodect shelf life (Ahmed et al. 2008}, Smart packaging has a pH Indicator that can use natural
or synthetic dyes, This study used butterfly pea flower as a natural dye in smart packaging
because current iy its utilization has not been maximized compared $o its big potential to be
used as @ natural pH indicator, Butterfly pea flower has a color pigment




called anthocvanin which gn be usaful 3z an indicator of changes in pH. Based on research
conducted by Vankar & Jyoti (2010, the anthocyanin kevels in the butterfly pes flower are
13743 mgikg

Based on this information, the I.IH:E Butterfly pea flower a5 a natural dye in indicator
films neegs to be developed. The presence of a natural dye in indicator film on smart
packaging plays a rode in detecting the guality of the product directhy which is proportional to
its color change. The objective of this study was to ebtain an indicator film with the best
concentration of polyvggyl alcobol (PYA), chitosan, and butterfly pea flower extract as the
natural dye, to study the color response of the indicator film on changes in color, pH,
thickness, Tota! Volatile Base Nitrogen (TVEN) of beel, and to ¢3|ﬂ?l[¢ the total microbes as
a determinant of beef quality.Based on this information, the use of butterfly pea flower a5 a
natural dye in indicatos fings reeds 1o be developed, The presence of a natural dye in indicator
filrm on & amart packaging plays & role in detecting the quality of the product directly which is
preportional te its color change. The objective of this study was te abtain an indicator film
with the best coneentrathon of pulyqrwl alcohol (PYWA), chitosan, andbutterdly pea flower
extract as the natural dye, 1o stedy the color response of the indicator Tiim on changes in
coler, pH, thickness, Total Volatile Base Mitrogen (TVBN) of beef, and to calculate the total
micrebes as a determinant of beal quality,

Mateggls

& shudy was conducted from Bday to July 2019 at the Laboratorny of Microbiology
and Biochemistry, epartment of Food Technclogy, Fatulty of Bloindustry, Triloal University,
Jakarta, and at Testing Labaratory of the Beogor Agrcultural Pesthareest Research and
Cevelopmant Center,

The materals used in this study were categarized into four types ramely the materals
to extract butterfly pea flower dye, the materials to make the filmy packaging, the matarlals
far applying the indicator film, and the materlals fer anabysis. The materlals wsed for extracting
the color from butterfly pea flowers were butterfiy pea flowers obtainad froma parden in the
Kedung Halang region and distilled water. The matariald for making the indicator filin wers
chitosan polywing| alcohaol (FYA) acetic acid, distilled water, and glycerol The materials for
apphlying the indicator film were beef obfained from Lenteng Agung market, plastic wrap, and
styrofoam. The materiats for analysis were aleminum foll, Whatman's filker paper no. 1, Rofa
Labalatarium Centre's Waseline, Nitra Chemical's 7% TCA solution, Rofa Labalatorium Centre
K2COD3, Merck's athanal 7%, Merck’s BCL 1.5 N, bMerck’'s HCI 02 M, Pudak Scientific's boric
acid 3%, Mita Chemical's bromacresal green (BCG), Pudak Scientific's methyl red [MR),
Merck's peptone water [BPW) buffer madia, and Merck's plate count agar [PCA)

Toals for estracting the butterfly pea flower were Excalibur debydratorn, Kern
analytical balance, Thermo TAXESE thermometer, stove, pan, and stirrer. Tha tools ueed to
make the indicator film are Kern amalytical balance, beaker glass, Stuart hot plate, magnetic
stirer, Thermo TAZAE thermometer, measuring cup, and plastic mold [size 12x1Zcm] Tha
tocks used for analysis were Memmert incubator, Hirayama autoclave, Agilent Technofogies
pH meter, Tricle Brand ccrew rmicrometer, TCR 300 chromameter, Memmert oven, beaker,
mortar and pestle, Bunsen, test twbe, petri dish, burette, stative, wortex mimer, 283,
Erlenmreyer, Comaay dich, micropl petta, and UW-Vis spectrophotometer.




Methods
Butterfly Pea Flower Extraction [Sinha et al, 2012 mod|fied)

The buttarfly pea flowers were first dried using & debydrator at &0 °C for 1 hour
[modified from the previous method without dryingl, and then the flowers were cleaned
and waighted toget & grams. In 3 saucepan, 250 ml of dictiled water and 5 grams of flowers
were added then bring to 80 "C for 5 to 10 minutes. After extraction, the flowers were
separatad and the extract was used for the nest step,

The Making of Indkzator Flim (Mafridas 2013 medified)

The indicator film was made by using chitossr-acetate, PYA and gheeral,
composition usad was the combination of 3% PyA (W) and 3% chitotan-acetate [wiv) with
the addition of ghroerol as a plasticizer of 1% [v/v) of the total sclution volume. The tested
factor was the ﬂdlulﬂl'l af tha dye, wsing 5, 10, 15, and 20 mL of dye/100 mL of film solutian.
Thee dyer used was the butterfly pea flower extract, (23]

Iy the fiest step, PYA was discolved with distiled water a8 BOC°C for 30 minutes Eging
A MHMﬂ: SETRE, Mesxt, the chitosan was dissalved in o 1% acstic a0d solution, The disselved
A salution was added with diseabaed chitosan with & valums ratio that ean be sasn in Table
2, The riext step was (o add 1% glyveerol and thens hormogenize it by stering, then add 5, 10,
15, or 30 ml aturel dyes from butterfly pea flower per 100 mL of film snluw. The
homogeneous film solution was powred into 1312 cm plastic molds and dried at room
temperature (2523 “C)with & modified tire of 48 hours, while research conducted by Nofrida
{2013) used 24 hours,

The Application ol Indiestar Film on Bei! Packaging (Octavis 2015 modied)

Beef cutlet of G0 gram was put on styrofoam and covered with cling plastic wrap with
3 ¥ 3 cm of indicator film attached to it onthe insde. The baef was then stored at a modified
roorm temperature of (25 £ 2] °C for 48 hours. The storege temgeratures in the study by
Cctavia [ 2015) were in room temperature of (25+ 1) "Cand cold storage of |4 + 2)
*C. The observation at (25 £ 2| "C was conducted at 0, 8, 24, 32, and 48 howrs to observe the
color changes of the indicator film

Analysis Methods

Thee main research carried out in this study ncluded testing the pH of the butterfiy pea
flowear extract, meaasuring the anthooy@anin content (Lass & Francis 1972 in Maofrida 20003,
testing the thickness of the indicator film (MNofrida 2013), color analysis of the indicator film
[Hupter 1958 in Octavia 2015; Motrida 20013); Tha anaﬁs of maat gquality degradation
inchyies the pH test of the beef (Mega et al, 2009), the Total Plate Count [TPC) test [BSN
2008}, and the Total Valatile Basic Mitragen [TWVBN) best (BSM 2009)

Results and Discuﬁsn

Chemical Characteristic of Butterly Pea Flower Extract

The pettedfly pea flower i one of the flowers with the potential as a natural dye
source. The gxtract of butterfly pea fower can be used as a natural dye in the making of
indicator film duee to its anthooyanin content. The chemical characteristic of butterfly pea
MNiovarer extract hadd been anelyeed by measuring the pH and s .Imrhn-e‘:g,'ﬂnin Conient,




The analyzed butterfly pea flower extract analyzed had 3 pH value of 5838 agal the
produced color was purplish-blue. Snalysis of the pH aims to see the degree of acidity of the
buttarfly pea flower extract. The acidity leval of the butterfly pea flower extra n affact the
stability of the anthocyanin compound, The results af the pH analysis obtained of the butberily
pea flower axtract are in the normal pH range because based on the determinationot the pH
route carried out by Mikijuluw (2003} al pH 5 to T anthocyanin has stable color as at newutral
pH, which was blue 5o that at that pH it can be used as an indicator film,

The result for anthooyanin content of butberdly pea flower was 218,323 mg'kg. The
study by Vankar B hoti (2000} obtained higher antheyanin content which was 237,42 mg/kg,.
This wis due to the dfference in the extraction method and the difference in the solvent
used, The extraction process of butterfly pea fiower used by Vankar B byoti (2010) was
maceration methods which kept in reom temperature in the dark using methanol salvent and
acidified wsing 0, 1% HCL, while in this stedy the method wsed was hot maceration by applying
beat at 80 °C for 5 1o 10 minutes uiing distilled water as solvernt,

This study used the hot maceration method because the matarials and the technigue
reeded were sirmple. In addition, the butterfly pea flower s polar so @0 will be easily dissolwed
with water in the hoating process. The methanol sohest maceration method would pet a
more concentrated extract color, but the extraction process 5 quite longbecause of the
evaporation grocess to evaporate the methanal In the solution. In addition, the avaperatien
process b feared 1o beave residual methanol which con affiect the further analysis process,

Da!em“itmn of the Bast Formulation

e objective of this study was tn-hhtah'm: best indicator film formulation of the PYA
and chitesan composithon with the sddition of butterfly pea flower axtract a5 a matural dye.
Based on the presously determined formwlation, the next step was to apply theindicator film.
The agplicathsn was to study the color changes in butterfly pea flowengdyved indicator filrn.

The observation resulis of Indicator film In 48 howrs showed that there was a color
change in the film with 5 ml buttarifly pea flower extract while in the film with an additional
of 20, 15, and 20 mL of extract did not show any changes. The more concentration of butterfly
pea flower extract in the indicater film, the more vibrant the codor and resulted in less
observable color change. The five formuelations {F1-F5) of indicator film showed that the best
formulation was Fl with the compasition of PWA: chitasan of 20680 [Figere 1),

The best formislation which was F1 showed color changes from blue to vellowish-
green, The color change in indicator film occwrred bacause of the protein degradationprocess
of beef, The result of the degradation process was the volatile hase that would evaporate and
react with indicator film [Rivanto ot al, 2014),




p)
Eull::l.-nr Fili Calor Change During Stos age

The color change of inﬁ:tnr film indicates the guality changes in the product kept
inside. the smart packaging. color change in the film ecoured because the mest
undergoes a dt'l:l:ll'rliti'l.'.ln process, As the beef decaved, it produced an unpleasant aroma
trom the formation of wolatile alkaline compounds seich as ammenia, dimethylaming, and
trimethylamine. Yolatile hases were the product of the protein decomposition process into
aming acids by bacteria (Iskandar 2014}, The gas produced during the decompaosition procass
would interact with the indicator Blm containing anthocyanins. The anthooyanin compaounds
rythe butterdly pea Hower are sensitive to changas in the degree of acidity, Tfa can be
indicated by the change in colof of the anthocyanin in The butterfly pea extract as the pH
change from acidic Ikaling. The wolatile compounds produced during the decompaosition
process are collected in the packaging and cause the pH ol the indicator film o changs.

Table 1. Colar change of indicator fikm with butterlly pea exirsct durrg storsge
Duration of Hue Calar

Horage Value Range*
o Ahours)

Smart Packaging Indicator Film

1103+
Q 417 Green

163,84 +
0,42

34 151,48 1 Yellow to
1,20 green

Graan

151,154 Yeliow ko

3 0,53 Ereed
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137,81 ¢ Yl T

48
15.31 green

There wat & decling in the “hue value of indicator firm after 48 howrs of storage. The
decling started from Rour 0 of 171.03 £4.120 to hour 8 of 163.84% 0420, The “hue value at
hour O was categorized as green and still geeen ar hour B, The “hue value continued to decdine
At hour 24 to 1514822 20, at hour 32 00 151.1540.530, and at hour 48 to 137.81419 30,

The decling in "huwe value of indicator film had a regression equation of y= -(LGE3y +
1649 with & sty correlathx valee (R} of 0.978. This showed that the storage time is
correlsted with the color changs of the indicator filim. A negative shope value chowed 3
declining praph model during the storage process from hour & to howr 48 which can be seen
in Figure 2.

180 gaTin3san: 151 aRe7.2
150 '_""""_————.,.,___,'__ 1781415,
180 163841 0.47 —
e 15115153 ;;
£ 10
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T B ¥ = -0,6580% & 169,04
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Flgure 2 indlcator film “hue value during storage

The total of ingicator Glm color change during storage can be shown with AE witue by

calculating the changes of L*, 3%, and b* value from indicator film during storage. The AE
valug abtained (Figure 3) showed that ihere was a significant increase af howr Ooal 0,740,830
to 3,1441,26 at hour B, 3.87£0.52 at hour 24, 4, 7480, 7 at hour 32, and significantly increase
o 70513 55 av hour 4B The regression equation was y= 0117 + 1,270 with sirong
correlation value (R2) of 0.937. This showed that duration of storage was correlated with
increasing AE. A postive shope value showed that the graph moadel was increasing during the
PrCCCss.
The increxsing AE valges caused Inhe calor change af indicatar film frem green to
greenish-yellow for 48 hours, color change in indicator film during storage showed that
the beef underaent a decaying process and produced valatile bases that were interacted with
the film.
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Inedicaigy Film Thickness Durning Storage

e indicator film thickress was reeasured to observe the changes during storage. The
volume of solution and the size of the mold affected the film thickness (Setiautami 2013).
‘When using molds of the same slze could produce different thicknesses depending an the
sofution volume used. The kigher the velume, the thicker the film produced.

The indicator film thickness changes during storage were shown in Flgure 4. The
thickness athour Dwas 0171 £0.042 mm and then kept declining up hour 48 to 0,13620.043
mim. The indicator film thickness had a regression eguation of y = -0.0007 +
0,169 with & strong correlation valee (B2} of 0.915. This showed that the storage duration
correlated with film thickness. A negative slope valee showed that the graph model was
declining from haur O to hour 48,

The decline in thickness showed that the film was getting thinner. According to labbar
{2017), the thickness was affected by the filen reslstance from water vapor, gas, and volatile
compound transmisson. The thinning of indicatar film was caused by the process of water
wapar transmmidssion from the preduct. This process would cawse the environmental conditions
inside the packaging to becoma moist so that the indicator film was getting thinner due to
intoraction with water vapar. In sddition, chitosan which was used as the base material for
making this indicator film cannot hold water vapoer well which causes thea film to decompose
and causes the indicator film to thin dyseg the storsge process (Fehraguoc 2002)

Furthermora, Ridhawati | 2016) stated that the concentration of plasticizgyacan affect
water vapar transmission, The plasticizer wsedin thisindicator film was glvcerol, The addition
of ghyceral 35 3 plasticizer could increase the permeability of indicater film so that evaporatad
water could get through the film easily and cause the thinning of indicator film,
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Figure 4. Indicator film thickness during storages

Enef pH Value During 5torage

The pH value i5 an indicator to determine the level of acidity of the beef meat. Analysis
af pH b«:gﬂe an impoartant factor in determining the quality of beef because H walue
can show the decrease i the guality of stored beef. In addition, analysis of pH in use of
Ell"t packaging was the benchmark for the level of guality changes of beef with changes in

e calor of the Indicator film.

The graph of changes in the pH value of beef s chown in Figure 5. The pH value of beef
&t hour 0 was 5. 76140034 and decline to 5.726200011 at hour &. The decline in beaf pH was
due to the anaerabic glycolysis process that change glyoagen into lactic acld (Kermiwan et al.
2014). This process would continue until the glycogen reserves in the meattisee were
deplated. This study was similar te Pangestika (2007) which shewed that the pH value of rreat
decraased at howr &, from pH 7 to 5.6

Based on the obtainegyocults, the pH value from bour 8 te hour 48 increazed from
5.72640.011 to 7.54040.351. increase in pH value was due to the formation of wolatile
bazas compounds from the decompositian process of proteln (Azizah 2015} The incrense of
pH showed the rigor mortis phase had stopped and had entered the post ripor phase. Tha
post dgor phase is characterized by the formatien of arama and the meat becomes soft again
[Anggraeni 2005).

The beef pH value had regression equation of ¥ = 0,039 + 5.597 with strong
correlation value |R2) of 0571, This showed that storage dwration is corralated with beef pH
value, A positive slope valee showed that the graph model was increasing from hour 8 to hour
A§,
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Beaf TVBN Walue During 5torage

The freshnesgnf beef can be determined by ?r Total Wolatile Base Nitrogen (TWVBM)
1esl The principhe of the Tatal velatile Base Nitrogen (TVEN] test was (o evapora be the valatile
base nitrogen such as amina-, mong-, di-, and trimethydamine during storage {Hasnedi 2009,
The presence af those compounds cawed the unsavary odor of beef during <torage at a
temperature of 25 "C with BH 50%. The storage temperature affects thernlcrobial actiwity
which caused the formation of volatile compaunds fram meat [Heising 2014)

The value of beef Total Volatile Base Mitrogen (TVBN] during 48 hours of storage in
temperature of 35 “C and RH 50% showed in Figgye & The TVEN valug increased during
srorage. The first measurement at hour O showed a TVEN valee of 16 BOB+E 496 mg NSLOO
& which increased to 3081585602 mg M,/100g at hour B. The Increaze af Total Volatile Base
Mitrogen [TWBMN) continweed to hour 48 which was 588259210 728 mg WN/100 g. The value of
beef TVBM had a regression eguation of y = 0.829% + 20549 with 3 streng corralationvalue [R2)
of 0968 This showed that storage duration was correlated with beef TVBN. A posithe slape
showed that the graph maded ipcresced during storage from hour O to hour 48,

The Increasa of Tatal Volatile Base Nitrogen (TWVEMN| was due to the incraase in activity
of microbes that decompose protein cgpgpounds into amino ackds which produce wolatile
baze comoounds such as ammonla due to the deamination of aming acids during
decormposition (Cristtana et al 2007}, In addition, trimethydamine (TMA) cormpounds are
prodeced by the degradation of mposition bacterda (linadasa 2014). The Increase in
thase compounds correlated with the deteriorstion of beef quality and the odor produced
when the mest entered the rotten phase.

Based on the sthedy by Byen et al. (2003}, the limit for TVEM for beet was 20 mg
M/103g. The obtained TVBMN value at howr & had already passed the threshald which was
I0.B15E5, 602 mg NS100 g that indicates that beef had already entered the rotten phase and
wias not suitable for consumption,
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Beel Total Piste Count (TPC) During Storage

Bactamal actvity Is res ponsible for the spoilage of beef during storage. The Total Flate
Count |TPC) test was carrhed aut to determine the number of bacteria contained in beef oo
that the quality of the meat can be determined. The results of the Total Flate Count (TFC) test
on baef stored at 25 °C with 508 RH wera shown in Figure 7,

The beef TP value at howr O was 5 48340067 log CFUg. The TPC value then increased
significanthy at hour 8 to 7.228£0.035 log CFU/g. The incraase in total bacteria continued to
hour 48 of storage which was 10047340,195 log CFU/g. Based on that data the regression
eguation can be obtained, which was y = IL105x 4 5,294 with a strong corralationvalua |R2)
of 0.861 (Figure 1), This showed that storape duration was correlated with the rm1l:ler of
bacteria on the beaf maat. A positive slope value showed that the graph model intreased
during storage.

Anincrease in the number of backeria in boef with increasing storage time indicates
a decrezgse in meat guality (Anggraeni 2012). Farameters that showed the dacreasing quality
of meat caused by bacteria were changes in color, arema, texture, formation of a shmy
compound, the emergence of gas, and increase in liguid [Dengen 2015} According to SMI-
TI88-2009, the microbiological requirements contained in beef for consumption should not
excepd INI0E CFUJE or about & log CFUSE. The TPC valee of beef at hour 8 of storage was
7.228£0,035 log CFU/E, which had exceeded the maximum micrebial limit set so that beef
wad ot suitable for consumpiion anymere because it had been damaged.
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Conclusions

Butterfly pea extract can be used as a natural dye in the making of indicator film due
to its anthooyanin content of 218,323 mg/kg and pH of 5838 The best formudation for
indicatar film was cbtained with the composition of polyving aloshol [PVA and chitosan 20:80
with the addition of 5 ml of butterfly pea flowear extract, Based on the data obizinad the pH
of beef increased after 8 hows of storage from 57262011 to 7.540£0.351 which indicates
that the baef had alrezdy entered the rotten phase, The Total Wolatile Base Mitrogan [TWEN)
value obtained at hour 8 was 3081585.602 mg 8100 g and already exceeded the threshokd
of 20 mg MS100g, At hour B of storage, the beef TPC value was 7.338400035 log CHUSE and
showed that the number of bacteris had alresdy exceeded the maximum imit of 6 log CFU/E,
The TVBM ana TPC walwa at howr 8 of storage showaed thatthe beef was not safe for
cansurnption. The application of indicator film on beef aging showeed that there was a
correlation between the decline of beef quality with the eolar change of Indicatar film, The
calar change of indicator film in 48 hours of storage was from green to yellowish-green with
filrm thickeecs changed frorm 011400042 mm to 013640043 mim.
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