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The potential application of red cabbage indicator film as smart
packaging on tuna fillet

D Agustianti, A Dirpan and A Syarifuddin

Department of Agricultural Technology, Faculty of Agriculture, Hasanuddin University,
Makassar, Indonesia

Email: dianagustianti2(@gmail.com

Abstract. Edible chitosan film was used as a carrier for red cabbage pigment extract and then
formed into a 2 x 2 cm smart indicator. The solvent extraction process in this study used 96
percent ethanol and a maceration-sonication method. Sensitivity indicators were evaluated on tuna
fillet samples wrapped in plastic with the parameters of the analysis. This included determining the
number of TVBN, TMA, and TPC as well as discoloration during testing at freezer (-6°C), cool
temperature (10°C), and room temperature (28°C). The results indicated that visually smart
discoloration indicator transitioned from early purple to blue to green. At freezer temperature (-
6°C), the discoloration smart indicator takes 365 hours to transition from purple to green,
compared to 149 hours at cool temperature (10°C) and 31 hours at room temperature (28°C).
Discoloration of smart indicators occurs during storage at each temperature, which increases the
value of TVBN, TMA, and TPC. The smart indicator pigmented red cabbage product has an
excellent sensitivity, with a purple plot representing the condition of packaged fresh ingredients,
blue (fit for consumption), and green (not fit for consumption).

1. Introduction

The information on food labels that manufacturers provide to consumers should be complete, particularly
the expiration date, manufacture date, and health warnings, which are considered to be the top three most
critical pieces of information on food labels [1]. Fish is one of the food products that is frequently
displayed without a label, despite the fact that it is classified as a food that decays rapidly [2]. Thus, smart
indicators are present to aid in the monitoring of fish quality by utilizing substances in plants that react
with volatile ammonia found in fish [3].

Quality ofuna after post-capture had histamine levels ranged from 4.92 to 6.90 mg/kg in 5% of the
samples [4]. The initial concentration of histamine was high (75-78 mg kg™') and stable for up to 8 i 14
but then significantly decreased in all experiments (ice storage, vacuum packaging and MAP) reached 25-
30 mg kg, probably due to the presence of histamine-decomposing bacteria [5]. Ps@}domonas spp is a
bacteria that dominates tuna fish thfff-auses a decrease in the quality of tuna fillets (Thunnus albacares)
@bred under vacuum at 3 °C, where the bacterial colony counts reached an average of 4.6 log10 cfu/g [6].
Storage of fresh yellowfin tuna below 4°C is good enough for a two-week product shelf life [7]. One of
the efforts made to a preservative for freshly caught fish with nano-chitosan utilization. nano-chitosan

gznment from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOL
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[@lilization does not appear to reduce bacterial counts, but TVB data shows just that the nano-chitosan
treatment significantly§ippressed bacterial activity and the effect was more pronounced at 28 ° C [R].

Smart indicators, such as time-temffrature controllers and freshness indicators/sensors, are an
innovation in packaging fresh materials. These smart indicator systems monitor the product's freshness,
microbial growth, and chemical changes by measuring, for example, pH changes, gases (CO2, 02, H2S,
ethylene, NH3, etc.) and volatile compounds, pathogens or their metabolites and toxins, time-temperature
chan§ls, and humidity [9-12].

Due to their low toxicity, eco-friendliness, ease of n'eparation, biodegradability, low cost,
availability, renewable, and pollution-free properties, the use of smart indicator based on natural colors
has emerged as an attractive alternative for food packaging [13]. There are many reports of the e of
dyes contained in plant tissues as natural colors in food [14—17]. These dyes undergo color changes due to
the presence of phenolic or conjugated compounds, sfEh as anthocyanins [18]. One of plants that contains
antochyanin is Brassica oleraceae (Red Cabbage). The color change in the BC-anthocyanin label was
fixedfB) dark red to dark blue, readily observable with the naked eye [19].

The purpose of this study was to determine the @XBct of storage temperature variation and
discoloration time on the application of smart indicators of red cabbage extract and the form of indicator
response to fish quality deterioration.

2. Materials and methods

3. Materials

Chitosan was purchased from CV. Bio Chitosan Indonesia (Jakarta, Indonesia). Red Cabbage was
purchased from supermarket (Makassar, Indonesia). Yellowfin tuna was purchased from Paotere fish
auction (Makassar, Indonesia). Alcohol 96% and glycerol was purchased from CV. Sentana (Makassar,
Indonesia). Ammonium hydroxide, sodium hydroxide, hydrochloric acid, glacial acetic acid,
formaldehyde, plate count agar and whatman filter paper 42 was taken from the chemical engineering
laboratory of the state polytechnic of Ujung Pandang (Makassar, Indonesia).

2.2. Preparation of the fish samples and storage conditions

The fish was first cleaned and separated from its bones and skin (fillets). Fish fillets were stored in
packaging containers using plastic wrap that has been attached to smart indicators to provide information
through discoloration of the indicator. Samples were placed at three different temperatures namely room
temperature (28°C), cold temperature (10°C) and freezer temperature (-6°C). Samples were observed
every hour and will be analyzed every time a discoloration occurs on the smart indicator.

2.3. Smart indicator preparation
The red cabbage was first mashed in a blender. Prior to maceration, the crushed red cabbage sample was
placed in a 500 mL beaker and dissolved in 96 percent alcohol at a material:solvent ratio of 1:5 (w/v).
Maseration was carried out according to Halik (2016) [20] with ultrasonic assistance at temperature 30°C
for 60 minutes resulting in a filtered exorcist using whatman paper 42.

This concentrated extract is then applied over edible film. The colored film are put in the freezer for
30 to 60 minutes until the color is attached to the film. The film sheet is cut to a size (2x2) em which is
then expressed as a sample smart indicator product. Edible film was made according to Warsiki-Putri
(2012) [21] from 3 grams of chitosan dissolved in 70 ml of 1% glacial acetic acid with the addition of
glycerol plasticizer as much as 1% of the volume of film made and heated in the oven at 50°C for 24
hours.

[¥]
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2.4. Indicator Sensitivity Test

2.4.1. NH; steam indicator sensitivity test.

Smart indicator sensitivity is simulatively tested against NHs vapor resulting from NH4OH IN solution. in
the testing process, smart indicators and red cabbage extract are placed on each beaker and inserted in the
chumber that has contained a solution NH,;OH 1 N where this process lasts for 30 minutes.

2.4.2. Smart Indicator Sensitivity Test On Packaged Fresh Fish at room temperature (28°C), cold
temperature (10°C), and fireezer temperature (-6°C).

Smart sensitivity indicator tested using tuna fillets. Tuna fillets are placed in sterofoam wrapped in plastic
wrap where the plastic wrap has previously been affixed to the indicator to prevent leakage in the
packaging, around the container is tightly closed using sticky tape.

2.5 Chemical Analysis

2.5.1 Analysis of TVBN (Total Volatile Base Nitrogen).

Total volatile base nitrogen (TVBN) was carried out according to Halik (2016) [20]. Sample (5g) were
crush by mortar, and then adding acetic acid solution 5% (30 ml) into the sample. The sample were silent
during 5 minutes then separated extract by centrifuge. Once in centrifugation, two layers are formed. The
top layer was pipetted as much as 5 mL and 5 mL of 2 M NaOH wiZhdded into volumetric flask and then
distilled. the results of the distillate were accommodated/captured in a 250 mL erlenmeyer containing 15
mL of 0.01 M HCI. Three drops of phenol phytalain (PP) indicator were added and titrated with 0.01 M
NaOH until a pink solution was reached.

VBN B ram N (V1 -v2)xNxBM
|zlt](]‘gnr'ﬂnm B M

Where V1 and V2 represent the volumes of HCL required for titration without sample and with sample
(ml); N is normality of NaOH (0.01M); BM is weight of nitrogen atom (14 g/ mol); M is sample weight

(2

2.5.2 Analysis of TMA (trimetil amin) .
Trimetil amin (TMA) was carried out according to Halik (2016) [20] from the results of TVBN analysis
and added 1 mL of 16%. At the time of this addition, there is a discoloration from pink to colorless.
Penetrated with NaOH 0.01 M until the solution changes color from colorless to pink.
2

2.5.3 TPC microbiology test (%’Jlal' Plate Couni) .
TPC microbiology test (Total Plate Count) was carried out according to [20] Halik (2016). Homogenized
fish sample (1 g) in 10 mL physiological solution (0.9 % w/v NaCl) was prepared as the initial dilution
(10"). The serial dilution was made by adding 1 mL of previous dilution into 9 mL physiological solution.
The resulting dilutions (10 to 10°°* ) were poured into PCA media.

Incubated petridish in reverse position in incubator for 24 hours. Observation and calculation of the
number of colonies after the incubation period using the counter colony and counted using the formula:

1
N=ZXZcx —
fp

Where N is number of colonies in the sample (colony/gram); Xcis number of colonies on all counted
petridish; fp is dilution factor; M is sample weight (g)
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The number of colonies is then counted according to the rules of the Standard Plate Count. The
results of this test were adjusted to the Maximum Limit of Microbial Contamination (BMCM) of RSNI
fresh fish meat 2729:2013.

3. Results and discussion

3.1 NH; steam indicator sensitivity test

Red cabbage is one of the agricultural products rich in anthocyanins [22]. Anthocyanin profile of red
cabbage consists of twenty derivatives of cyaniding glucosides and the predominant in red cabbage was a
nonacylated . to prove the sensitivity of this smart indicator of red cabbage, the NH; steam sensitivity test
was conducted. The sensitivity of smart indicators was tested simulatively against NH; vapor resulting
from NH4OH solution 1 N.

Table 1. Results of time analysis and discoloration of smart indicator film and red cabbage pigment

extract
Discoloration Time (Minute)
Initial condition (purple) 0
Blue Started at the 2" minute
Green Started at the 7" minute
Yellow Started at the 30" minute (End of Testing)

Table 1 shows the color change in the smart indicator sample and extract. The color in the initial
condition is purple. In the 2nd minute, it changed color to blue and in the 7th minute there was a change
of color to green. This proves that the use of red cabbage pigment as an indicator dye on smart indicator
products is excellent. As done by Sanches et al (2021) that red cabbage can be used as a dye on
indicators because it contains anthocyanin, discoloration that occurs from purple to green [23].

Figure 1. Discoloration of smart indicator, samples and pigment extracts in NH3 steam test (a) Initial
condition of purple test (b) discoloration to blue (c) discoloration to green
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3.2 Smart Indicator Sensitivity Test On Packaged Fresh Fish at room temperature (28°C), cold
temperature (10°C), and freezer temperature (-6°C)
At this stage, smart indicator sensitivity tests are conducted on tuna fish to see if they work properly.

Table 2. Discoloring, TVBN, TMA, and Tfm/alue Test Results for tuna samples

Storage Di . Time s TMA (mg .
Temperature iscoloring (hours) (mg N/100 g TPC (coloni/g)
N/100 g
Purple 0 9.73 295 098x10°
Room (28°C) Blue 6 17.51 712 21.98x 10"
Green 31 37.71 1326 267.63x 10"
Purple 0 9.73 295 0.98x 10"
Cold (10°C) Blue 8 16.87 5.92 19.17 x 10*
Green 149 36.05 1182 24192x 10"
Purple 0 9.73 295 0.98x 10"
Frg‘jéer Blue 10 15.68 533 18.2x10"
(-6°C) Green 365 32.99 11.09  237.82x10"

From the table above it can be seen that the smart indicator has a good sensitivity to tuna fish,
where there are discolorations at three different storage temperatures ranging from purple which indicates
fresh to green which indicates the product is no longer suitable for consumption.

3.3 TVBN, TMA and TPC

During the testing process there are 4 parameters that become observational points (table 2) that are
discoloration of smart indicators, TVBN, TMA and TPC. From table 2 it was seen that in the initial
condition of tuna fillet samples obtained TVBN values of 9.73 mg N/EE8 g and TPC of 0.98 x 10*. This
result shows that the initial TVBN value is still below the maximum limit of 30 mg N/100 g indicating
that the fish has a very fresh quality (Soekarto, 1990 in Halik, 2016), and the TPC value still meets the
Maximum Limit of Microbial Contamination (BMCM) of fresh fish meat of 5 x 10° (SNI 2729:2013).

40 35.58
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31.12
initial condition
= (PUTPIB)
blue discoloration
M green discolrotion

I Freezer temperature |-6°C) I I cold temperature (10°C) II room temperature [28°C)

w
(=]

-]
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TVBN (mg N/100 g)
5 E

[
o

Figure 2. TVBN Value Graph on tuna fillet sample testing
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The determination of TVBN, TMA, and TPC values is carried out every time there is a discoloration
of the smart indicator. At room temperature (28°C), there is a discoloration of the smart indicator from the
initial purple condition to blue after 6 hours of storage and obtained TVBN values of 17.51 mg N/100 mg
and TPC of 21.98 x 10 colonies/gram. This also occurs in cold temperatures (10°C) and freezer
temperatures (-6°C) that change color in the smart indicator to blue with a longer change time of 8 hours
and 10 hours of storage with a TVBN value of 16.8 7 mg N/100 mg and 15.68 mg N/100 mg and TPC of
19.17 x 10* colonies/gram and 18.2 x 10" colonies/gram. These results show that TVBN and TPC values
are still below the maximum limit indicating that the physical condition of tuna fillets at the change of
color of the blue smart indicator is still in the fresh category and still worth consuming.

15

gzl
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10

B 6.7

o &t
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0

Freezer temperature {67€) I cold temperature (10°C) ]l room temperature (28°C) I
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green discolrotion

TMA(mg N/100 g)

w

Figure 3. TMA value graph on tuna fillet sample testing

The increase in TVBN and TPC values reached 37.71 mg N/100 mg and 267.63 x 10* colonies/gram
at room temperature (28°C), 36.05 mg N/100 mg and 241.92 x 10* colonies/gram at cold temperatures
(10°C), 32.99 mg N/100 mg and 237.83 x 10* at freezer temperature (-6°C) with discoloration on green
smart indicators after 6 days of storage at cold temperatures (10°C) and 15 days at freezer temperature (-
6°C). The level of freshness of fishery products based on TVBN is grouped into four, namely very fresh
fish with TVBN content of 10 mgN/100 g or smaller; fresh fish with TVBN content of 10-20 mgN/100 g;
fish that are at the limit of freshness that can still be consumed with TVBN content of 20-30 mgN/100 g;
rottefffsh that cannot be consumed with TVBN content greater than 30 mgN/10(g5[20].

The increase in TVBN value is directly proportional to the increase in the number of bacterial
colonies (TPC) as seen in table 2. The number of microbes will increase during storage. The longer the
storage, the greater the growth rate of microbes
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Acc@ling to [24] an increase in TVB value during storage due to protein degradation resulted in
a number of volatile bases such as ammoniac, hydrogen sulfide and foul-smelling trimetilamin.

With the obtaining of the results of analysis on the determination of the number of TVBN, TMA, and
TPC during the storage process, this is the basis of the indication of the decay process in the tuna fillet
samples has taken place and produced a number of volatile base compounds that trigger the change in pH
value in the smart indicator causing changes in the pigment of the smart BElcator.

TVBN, TMA, and TPC values will increase during storage time. The longer the storage time, the
greater the value of TVBN, TMA, and TPC. The effect of temperature during storage also has a
significant impact on the length of decay time in fish meat and discoloration on smart indicators
indicating the condition of tuna fillet samples. This can be seen from the smart indicator's discoloration
process against tuna fillet samples which occurs faster at room temperature (28°C) than in cold
temperatures (10°C) and freezer temperatures (-6°C). The results were conducted that at room
temperature (28°C) for = 31 hours the tuna fillet sample had decayed, while at cold temperatures (10°C)
and freezer temperatures (-6°C) experienced a longer decay time of 149 hours (£6 days) and 365 hours
(£15 days). This is in accordance with the literature which explains that anthocyanin stability is
influenced by several factors including temperature, pH, light, and oxygen [25].

4. Conchifions

As a result, it can be concluded that storage temperature has an effect on the decay time of fish meat and
the coloration of smart indicators. Discoloration from purple to blue to green occurs more rapidly at room
temperature (28°C) than at low temperatures (10°C) and the freezer temperature (-6°C). The smart
indicators' response to deterioration in fish quality is extremely sensitive, with purple representing
extremely fresh fish, blue indicating the fish is still edible, and green indicating the fish has already
decayed and is unfit for consumption.




IC-FSSAT 2021 T0P Publishing

I0OP Conf. Series: Earth and Environmental Science 807 (2021) 022065 doi:10.1088/1755-1315/807/2/022065

References

[

[2]

[3]
[4]

[5]

[6]

[7]

[8]
[%]

[10]

[t

[12]

[13]
[14]

[15]

[16]

[17]

[18]

Madilo F K, Owusu-Kwarteng J, Kunadu A P-H and Tano-Debrah K 2020 Self-reported use and
understanding of food label information among tertiary education students in Ghana Food Control
108 106841

Wu G C-C, Chiang H-C, Chou Y-W, Wong Z-R, Hsu C-C, Chen C-Y and Yang H-Y 2010
Phylogeography of yellowfin tuna (Thunnus albacares) in the Western Pacific and the Western
Indian Oceans inferred from mitochondrial DNA Fish. Res. 105 248-53

Anon 2010 Kemasan Cerdas Pendeteksi Kebusukan Filet [kan Nila J. Pengolah. Has. Perikan.
Indones. 13

Oliveira R B A, Evangelista W P, Sena M J and Gloria M B A 2012 Tuna fishing, capture and
post-capture practices in the northeast of Brazil and their effects on histamine and other bioactive
amines Food Control 25 64-8

Silbande A, Adenet S, Smith-Ravin J, Joffraud J-J, Rochefort K and Leroi F 2016 Quality
assessment of ice-stored tropical yellowfin tuna (Thunnus albacares) and influence of vacuum and
modified atmosphere packaging Food Microbiol. 60 62-72

Jaaskeldinen E, Jakobsen L M A, Hultman J, Eggers N, Bertram H C and Bjorkroth J 2019
Metabolomics and bacterial diversity of packaged yellowfin tuna (Thunnus albacares) and salmon
(Salmo salar) show fish species-specific spoilage development during chilled storage Int. J. Food
Microbiol. 293 44-52

Jinadasa B, Galhena C K and Liyanage N P P 2015 Histamine formation and the freshness of
yellowfin tuna (Thunnus albacares) stored at different temperatures Cogent Food Agric. 1
1028735

Tapilatu Y, Nugraheni P S, Ginzel T, Latumahina M, Limmon G V and Budhijanto W 2016
Nano-chitosan utilization for fresh yellowfin tuna preservation Aquat. Procedia T 285-95

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

Yolanda D S, Dirpan A, Rahman A N F, Djalal M and Hidayat S H 2020 The potential
combination of smart and active packaging in one packaging system in improving and maintaining
the quality of fish Canrea J. Food Technol. Nutr. Culin. J. 74-86

Julyaningsih A H, Latief R and Dirpan A 2020 The making of smart and active packaging on tuna
fillet JOP Conf. Ser. Earth Environ. Sci. 486 12053

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

LiY, LiaY, Zhang H, Liu Y, Xu W and Zhu X 2011 Canadian experience in low carbon eco-city
development and the implications for China Energy Procedia

Setiautami A 2013 Pembuatan Kemasan Cerdas Indikator Warna dengan Pewarna Bit (B. vulgaris
L. varciclaL.)

Norfida, Warsiki and Yuliasih 2013 Pengaruh Suhu Penyimpanan terhadap Perubahan Warna
Label Cerdas Indikator Warna dari Daun Erpa (Aerva sanguinolenta) J. Teknol. Ind Pertan. 23
232-41

Hidayat S H, Syarifuddin A and Dirpan A 2020 Analysis of the effectiveness of active paper use
by adding garlic extract in inhibiting bacterial growth JOP Conf. Ser. Earth Environ. Sci. 575
12010

Dirpan A, Kamaruddin [, Syarifuddin A, Rahman A N F, Latief R and Prahesti K I 2019
Characteristics of bacterial cellulose derived from two nitrogen sources: Ammonium sulphate and
yeast extract as an indicator of smart packaging on fresh meat JOP Conf. Ser. Earth Environ. Sci.
355 12040

Shahid M and Mohammad F 2013 Recent advancements in natural dye applications: a review .J.




IC-FSSAT 2021 T0P Publishing

I0OP Conf. Series: Earth and Environmental Science 807 (2021) 022065 doi:10.1088/1755-1315/807/2/022065

[19]

[20]
[21]

[22]

[23]

[24]

[25]

Clean. Prod. 53 310-31

Pourjavaher S, Almasi H, Meshkini S, Pirsa S and Parandi E 2017 Development of a colorimetric
pH indicator based on bacterial cellulose nanofibers and red cabbage (Brassica oleraceae) extract
Carbohydr. Polym. 156 193-201

Halik 2016 Utilization of Red Cabbage Extract as a Smart Making Material Indicators Of
Packaged Meat Products (Ujung Pandang State Polytechnic. Makassar.)

Melati Pratama E W dan L H 2017 Kinerja Label Untuk Memprediksi Umur Simpan Pempek
Pada Berbagai Kondisi Penyimpanan J. Agroindustrial Technol. 26 321-32

Ristiana 2014 Antioxidant Activity and Consumer Level of Preference For Biscuits With
Substitution of Rambutan Seed Flour And Addition of Red Cabbage (Brassica oleraceae). Publ.

Journal. Fac. Teach. Train. Educ.

Sanches M A R, Camelo-Silva C, da Silva Carvalho C, de Mello J R, Barroso N @G, da Silva
Barros E L, Silva P P and Pertuzatti P B 2021 Active packaging with starch, red cabbage extract
and sweet whey: Characterization and application in meat L W7 135 110275

Farahita Y and Kurniawati N 2012 Karakteristik Kimia Caviar Nilem Dalam Perendaman
Campuran Larutan Asam Asetat Dengan Larutan Garam Selama Penyimpanan Suhu Dingin (5-
10°c) J. Perikan. Kelaut. 3

Nofida 2013 Effect of Storage Temperature On Color Change Smart Label Color Indicator Of
Erpa Leaf (Aerva sanguinnolenta). J Agric. Ind. Technol. 23 232-41




ustianti 2021 _IOP_Conf. Ser. Earth Environ._Sci. 807 _0220...

ORIGINALITY REPORT

17, 10 164 5«

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

1

Mahmood Alizadeh-Sani, Esmail
Mohammadian, Jong-Whan Rhim, Seid Mahdi

Jafari. "pH-sensitive (halochromic) smart

packaging films based on natural food
colorants for the monitoring of food quality
and safety", Trends in Food Science &
Technology, 2020

Publication

2%

)

docplayer.net

Internet Source

2%

e

Submitted to Glasgow Caledonian University
Student Paper

2%

-~

repository.tudelft.nl

Internet Source

2%

o

Pourjavaher, Simin, Hadi Almasi, Saeed
Meshkini, Sajad Pirsa, and Ehsan Parandi.
"Development of a colorimetric pH indicator
based on bacterial cellulose nanofibers and
red cabbage (Brassica oleraceae) extract”,
Carbohydrate Polymers, 2017.

Publication

T




B.K.K.K. Jinadasa, C.K. Galhena, N.P.P. 1 o
Liyanage. "Histamine formation and the °
freshness of yellowfin tuna (Thunnus

albacares) stored at different temperatures”,

Cogent Food & Agriculture, 2015

Publication

new.esp.or
InternetSouFr)ce g 1 %
B helda.helsinki.fi 1
Internet Source %
n Marcio Augusto Ribeiro Sanches, Callebe 1 o
0

Camelo-Silva, Cleberyanne da Silva Carvalho,
Jonatan Rafael de Mello et al. "Active
packaging with starch, red cabbage extract
and sweet whey: Characterization and
application in meat", LWT, 2021

Publication

K Chuprunov, A Yudin, D Lysov, E Kolesnikov, 1 o
D Kuznetsov, D Leybo, I llinykh, A Godymchuk. ’
"The pH Level Influence on Hydroxyapatite

Phase Composition Synthesized with

Hydrothermal Method", IOP Conference

Series: Materials Science and Engineering,

2020

Publication

11

s3.amazonaws.com
<l

Internet Source




[ <Ts
Xinyu Liao, Yuan Su, Donghong Liu, Shiguo <1 o
Chen, Yaqin Hu, Xinggian Ye, Jun Wang, Tian
Ding. "Application of atmospheric cold
plasma-activated water (PAW) ice for
preservation of shrimps (Metapenaeus
ensis)", Food Control, 2018
Publication
oo <Tw
A Omar, M S Fakir, KS Hamdan, N H Rased, N <1 o
A Rahim. "Photovoltaic performances and ’
lifetime analysis of TiO2/rGO DSSCs sensitized
with Roselle and N719 dyes", IOP Conference
Series: Materials Science and Engineering,
2021
Publication
S Ariviani, M Kusumawati, W Atmaka. <1 o
"Chitosan-garlic essential oil incorporation on ’
beef meatball edible coatings as antioxidant-
based functional food", IOP Conference
Series: Materials Science and Engineering,
2019
Publication
P N. A. Norhisamudin, N. Sabani, M.M. <1 o

Shamimin, N. Juhari, S. Shaari, M.F. Ahmad, N.



Zakaria. "The Effect of Different Solvents in
Natural Dyes from Roselle (Hibiscus
Sabdariffa) and Green Tea Leaves (Camellia
Sinensis) for Dye-Sensitized Solar Cell",
Journal of Physics: Conference Series, 2021

Publication

archimer.ifremer.fr
Internet Source <1 %
A Ya Fedorov, AV Levina, M | Fedorova. <1 o
"Extraction of Eu(lll), GA(II), and Tb(lll) in °
aqueous two-phase systems based on
polyethylene glycol 1500-NaNO3-H20 with
the addition of extractants (D2EHPA, TBP,
TOMAN)", IOP Conference Series: Materials
Science and Engineering, 2022
Publication
Hassan Abbas Alshamsi, Sura K. Ali, Salam H.
20 . <l%
Alwan Altaa. "Green Synthesis and
Characterization of Reduced Graphene Oxide
(RGO) using Sabdarriffa L extract and its
Solubility Property", Journal of Physics:
Conference Series, 2020
Publication
Submitted to University of Melbourne
Student Paper y <1 %
digitalcommons.library.umaine.edu
Int§netSource y <1 %




journal.unhas.ac.id
.IlnternetSource <1 %
Wwww.science.gov
24 Internet Source g <1 %
D S Yolanda, A Dirpan, AN F Rahman, | <1 o
Kamaruddin, A F Ainani. "Determination the °
best concentration of antimicrobial
ingredients with a mixture of paper to create
active paper packaging", IOP Conference
Series: Earth and Environmental Science, 2020
Publication
Hera Desvita, Muhammad Faisal, Mahidin, <1 y
Suhendrayatna. "Preservation of meatballs ’
with edible coating of chitosan dissolved in
rice hull-based liquid smoke", Heliyon, 2020
Publication
Silbande, Adele, Sandra Adenet, Juliette Smith- <1 o
0

Ravin, Jean-Jacques Joffraud, Katia Rochefort,
and Francoise Leroi. "Quality assessment of
ice-stored tropical yellowfin tuna (Thunnus
albacares) and influence of vacuum and
modified atmosphere packaging", Food
Microbiology, 2016.

Publication

Exclude quotes On Exclude matches <5 words



Exclude bibliography On



