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Abstract

Chicken nuggets with jack bean tempeh flour substitution are a type of
perishable food, thus having a short shelf life. The shelf life of chicken nuggets
with jack bean tempeh flour substitution and its quality were affected by the
storage conditions. This study aimed to determine the effect of packaging type
and storage time during 20 days of cold storage under vacuum packaging
condition on the quality characteristics of chicken nuggets with jack bean
tempeh flour substitution. The research design consisted of two factors, the first
factor was packaging type (nylon/polyethylene (PE), nylon/polyethylene
(PE)/polyamide (PA), and polyethylene (PE)/polyamide (PA)) and the second
factor was storage time (0 day, 5 days, 10 days, 15 days, and 20 days). The
results showed that the packaging type and storage time significantly affected
the quality characteristics of chicken nuggets with jack bean tempeh flour
substitution (p < 0.05). In conclusion, PE/PA was the most suitable plastic
packaging for maintaining the quality characteristic of chicken nuggets
substituted with jack bean tempeh flour during 20 days of cold storage under
vacuum packaging conditions. The physical and chemical quality of chicken
nuggets substituted with jack bean tempeh flour on the 20" day of storage were
pH of 6.43, cooking loss of 9.85%, moisture content of 39.46%, protein content
of 24.51%, TVBN content of 16.44 mg N/100 g, and TPC of 5.36 log cfu/g.
Meanwhile, the result of the sensory evaluation showed that scores for
attributes were color 3.63, aroma 3.45, taste 3.5, texture 3.29, and overall 3.53
(like slightly) on the 20™ day of storage.
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Introduction

Nuggets are made from seasoned ground meat,
mixed with a binder, then molded into a certain shape,
steamed, cut, coated with a flour adhesive (batter), and
covered with breadcrumbs (breading). Nuggets are
ready-to-eat frozen food products that have been
partially cooked (pre-cooked) and then frozen (Revitriani
et al., 2022). There are main ingredients in the making of
nuggets, such as beef or chicken meat. Chicken meat
provides high protein and low fat. As a main ingredient,
chicken meat can be substituted with plant-based
ingredients such as legumes that contain a high content
of protein. Despite its rich nutritional content, chicken
meat has a high content of polyunsaturated fatty acids,
which shorten its shelf life due to oxidative deterioration
during storage (El-Sohaimy et al., 2022). Also, since
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chicken meat as the main ingredient is typically more
expensive, the usage of plant-based ingredients would
reduce the production cost. Therefore, a substitution with
plant-based ingredients is needed in making nuggets to
reduce the amount of chicken meat used without
reducing its nutritional composition and the price is more
affordable.

So far, plant-based ingredients such as legume
flour are the most widely used as a substitution for
chicken meat which will enhance the quality of chicken
nuggets. In Indonesia, jack beans (Canavalia ensiformis
L.) have been developed as a local alternative protein
source to replace soybeans. Jack bean tempeh flour is
an alternative process of making semi-finished products
to extend shelf life and be more applicable in the
production of food products. The nutritional content of
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jack bean tempeh flour was 10.91% moisture content,
1.55% ash content, 27.92% protein content, 5.55% fat
content, and 65.04% carbohydrate content (Affandi et
al., 2020). The high protein content of jack bean tempeh
flour can be used as a substitution for the main ingredient
in making chicken nuggets.

Moreover, chicken nuggets with jack bean tempeh
flour substitution are a type of perishable food. This may
cause the growth of spoilage and pathogenic microbes,
thus having a short shelf life (Rohaya et al., 2024). The
shelf life of chicken nuggets with jack bean tempeh flour
substitution and its quality were affected by the storage
conditions. The storage temperature is closely related to
the shelf life and quality of chicken nuggets with jack
bean tempeh flour. Low temperatures can inhibit the
growth and reproduction of microorganisms, reduce
enzyme activity, and slow down various biochemical
reactions in processed meat products such as chicken
nuggets with jack bean tempeh flour substitution (Tian et
al., 2022). Salama et al. (2016) reported that cold storage
plays a major role in extending the shelf-life of chicken
nuggets in combination with vacuum packaging and
coating of packaging material surface with rosemary or
oregano extracts.

Effective packaging could maintain the quality of
chicken nuggets with jack bean tempeh flour
substitution. Vacuum packaging of processed meat
products can decrease the rate of oxidation and spoilage
when compared to oxygen-permeable packaging. By
simply packaging the processed meat products in a high-
barrier packaging from which air is removed, vacuum
packaging extends the shelf life of packaged processed
meat products by preventing the growth of aerobic
bacteria and delaying lipid oxidation (Salama et al.,
2016). According to Abbasi et al. (2020), common
packaging available in the market is made up of
polyethylene (PE) and polyamide (PA). Polyethylene and
nylon are the easiest types of packaging to find and have
a transparent color so that the product is more easily
observed from outside the package (Furgon et al., 2016).

Lindriati et al. (2022) studied the effect of various
types of plastic for vacuum packaging on chicken
nuggets substituted with meat analog from cocoyam and
soy protein isolates packaged using high-density
polyethylene  (HDPE), low-density polyethylene
polyamide (LDPE), and polypropylene (PP) at cold
storage. Their results showed that HDPE, LDPE, and PP
could maintain the quality of chicken nuggets substituted
with meat analogs from cocoyam and soy protein
isolates. Previous research by Mastini et al. (2015)
showed that storage with the type of plastic with two
layers of polyethylene (PE) and nylon plastic packaging
was the best treatment for extending dough satay (luluh)
shelf life. In this study, the types of plastic used as
vacuum packaging were polyethylene (PE), polyamide
(PA), and nylon. Therefore, it is necessary to assess the
effect of packaging type and storage time on the quality
characteristics of a chicken nugget with jack bean
tempeh flour substitution, including physical (pH and
cooking loss), chemical (moisture content, protein
content, and total volatile base nitrogen), microbiological
(total plate count), and sensory characteristics.
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Materials and Methods
Materials

The materials used for the production of jack bean
tempeh flour and chicken nuggets were jack bean
tempeh obtained from BUMR Paramasera, Bogor, West
Java, broiler chicken thigh and breast fillets obtained
from Superindo supermarket (Pamulang, South
Tangerang), jack bean tempeh flour, salt (Cap Segitiga
Emas, Bogor), sugar (Gulaku, Lampung), pepper
(Ladaku, East Java), garlic, onion, tapioca flour (Gunung
Agung, Lampung), corn starch (Maizenaku, Jakarta),
skim milk (Indoprima, Semarang), chicken flavored
seasoning (Royco, Bekasi), chicken eggs purchased at
Superindo supermarket (Pamulang, South Tangerang),
breadcrumbs flour (Sari Tepung, Jakarta), cooking oil
(Tropical, Bekasi), Nylon/PE (0.075 mm) (Berlian 90,
Bandung), Nylon/PA/PE (0.09 mm) (DePlastik,
Tangerang), and PA/PE (0.19 mm) (ARR Store
Indonesia, Jakarta). The material used for chemical
analysis were aquadest, K;SO. (Pudak Scientific,
Bandung), CuSO0..5H,0O (Pudak Scientific, Bandung),
H,SO4 (Merck, Germany), NaOH 30% (Pudak Scientific,
Bandung), boric acid (Merck, Germany), methyl orange
indicator, methyl blue indicator, HCI 0.02 N (Pudak
Scientific, Bandung), K.COs (Merck, Jakarta), plate
count agar (Merck, Germany), and buffered peptone
water (Merck, Germany).

The primary equipment used for the production
of jack bean tempeh flour and chicken nuggets were
blender (Philips series 5000-HR2221/30, Netherlands),
food processor (Cosmos FP-313, Indonesia), food
dehydrator (LocknLock EJO316, South Korea), 60 mesh
test sieve (B-ONE SS 304, China), chest freezer (GEA
AB-318-R, China), vacuum food sealer (UPUPIN,
China), and showcase (RSA AGATE-200N, China). The
equipment used for physical measurement and chemical
analysis were a pH meter (pH700, Thermo Scientific
Eutech, United Kingdom), oven (Oxone 0X-828,
Indonesia), Kjeldahl set, drying oven (Daihan Labtech
LDO-060E, South Korea), desiccator, and analytical
balance (Fujitsu FS-AR 210, Japan).

Methods
Preparation of Jack Bean Tempeh Flour (Giovani et al.,
2023)

First, jack bean tempeh was sliced with a
thickness of 0.2 cm using a knife. Then, jack bean
tempeh slices were blanched using steam for 10 minutes
at 80°C. The jack bean tempeh slices were laid out on a
tray and dried using a food dehydrator for 6 hours at
60°C. The dried jack bean tempeh was then ground
using a dry mill blender and sieved using a 60-mesh
sieve.

Preparation of Chicken Nugget with Jack Bean Tempeh
Flour Substitution (Hafid et al., 2021 with modifications)

The process of making nuggets using the
following procedure is based on the formulation shown in
Table 1. Chicken meat, consisting of chicken breast and
chicken thigh, was cut into small cubes and minced using
a food processor. Chicken nugget batter was prepared
by mixing jack bean tempeh flour, tapioca flour, corn
starch, skim milk, egg yolk, and spice mixture until
homogeneous. The spice mixture contained garlic,
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onion, pepper, salt, sugar, and chicken-flavored
seasoning. The whole mixture was molded into a baking
tray with a thickness of + 0.5 cm. After that, it was
steamed for 10 minutes at 70-80°C. The semi-cooked
nuggets were cut into square pieces approximately 3 cm
x 3 cm, then immersed in the batter (egg yolk), and finally
breaded with breadcrumbs. The prepared nuggets were
frozen in the freezer for 10 minutes. Next, pre-frying was
carried out at 150-170°C for 10 minutes in a microwave.
The nuggets were cooled at room temperature for 20 min
before packaging.

Then, the nuggets were vacuum packaged by
using a vacuum sealer, placed in plastic bags (Nylon/PE,
Nylon/PE/PA, and PE/PA), and stored at 4°C in a
showcase until further analysis at 0, 5, 10, 15, and 20
days of the storage to determine changes in quality
characteristics before the chicken nuggets deterioration.
The frying oil was maintained at 180 + 2°C. Chicken
nuggets were then deep-fried at 180°C for 3 minutes.
After frying, the nuggets were immediately removed from
the oil and blotted gently with dry tissue papers to
remove the excess oil from their surfaces. The nuggets
were then kept warm before sensory evaluation.

Table 1. Formulation of Chicken Nugget Substituted
with Jack Bean Tempeh Flour

Ingredients (9)
Jack bean tempeh flour 10
Chicken meat 40
Tapioca flour 45
Corn starch 12
Skim milk 5
Egg yolk 20
Garlic 10
Onion 10
Sugar 4
Salt 25
Pepper 1.25
Chicken flavored seasoning 25

Physical Characteristic of Chicken Nugget with Jack
Bean Tempeh Flour Substitution
Cooking Loss

Cooking loss was measured according to the
method described by Tian et al. (2022). The chicken
nugget (initial weight) was fried at 180 + 2°C for 3 min.
The fried samples were allowed to cool for 1 h and
weighed (frying weight). Cooking loss (%) was
determined by calculating the weight differences of
chicken nuggets with jack bean flour substitution before
and after cooking as follows:

initial weight — frying weight
g ying g % 100

Cooking Loss (%) = initial weight

pH

pH values of nuggets were determined according
to the method described by Hur et al. (2013) using a pH
meter (pH700, Eutech Instruments, UK), which was
calibrated with standard buffers of pH 4.0, pH 7.0, and
pH 10.0 before the measurement. The chicken nugget (5
g) was cut into small pieces, and then 45 mL of distilled
water was added. A slurry was made using a blender
until smooth and placed in a 50 mL beaker glass. The pH
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electrode was then dipped into the slurry, measured for
about 10 minutes, and recorded.

Chemical Characteristic of Chicken Nugget with Jack
Bean Tempeh Flour Substitution
Moisture Content

Moisture content was determined according to
the method described by Sinaga et al. (2022) with
modifications. Chicken nugget samples were mashed
using a mortar. Two grams of finely mashed chicken
nuggets were placed into a weighing bottle whose
constant weight was known. Then, dried in an oven at
105 °C for 5 hours, cooled in a desiccator, and weighed
again. The weight lost was assumed to be the water
weight.

Protein Content

Protein content was determined according to the
method described by Abubakar et al. (2022) with
modifications. The nugget sample was crushed with a
mortar, weighed 1 gram, and then put into the Kjehdahl
flask. Added 7.5 grams of K:SO4 and 0.35 grams of
CuSOs4 then added another 15 mL of H2SO4. Heated it
over the Kjeldahl apparatus until the solution was clear.
Cooled and put into the bottom flask and added 100 mL
of distilled water, 30% NaOH (w/v), and distilled for a few
minutes. The di stillate results were collected in an
Erlenmeyer containing 4% (v/v) HsBOs and the
bromocresol green and methyl red indicator until the
color changed to green. The distillate results were then
titrated with standard 0.02 N HCI solution until the
solution changed color from green to purple, and the
volume of titrant used was recorded. The percentage of
crude protein was expressed as a total nitrogen
percentage and was multiplied by a factor of 6.25.

Total Volatile Bases Nitrogen (TVBN)

The total volatile bases nitrogen (TVBN) of
chicken meat nuggets was determined as described by
Choi et al. (2018) according to Conway’s micro-diffusion
method. TVBN values were expressed in mg
nitrogen/100 g nugget sample. The chicken nugget (5 g)
was homogenized in 20 mL of deionized water. The
homogenate was filtered through the Whatman filter
paper Number 1. Then, the filtrate (1 mL) was transferred
to the outer chamber, and 1 mL of 0.01 N H3sBOs and 100
pL of Conway solution (0.066% methyl red: 0.066%
bromocresol green, 1:1; using 99.99% alcohol as
solvent) as an indicator were added to the inner part of
the Conway dish. The Conway unit was sealed
immediately after pouring 1 mL of 50% K2COs into the
outer chamber. The dish was incubated at 37°C for 120
min. The TVBN contents were determined following the
addition of 0.02 N H2SO4 to the inner chamber of the
Conway unit. A blank test was conducted following the
same process without adding a sample. The
concentration of TVBN (in mg N/100 g sample) was
computed as follows:

14.007x(a—b) xfx100xc
S
where a is the titer for the sample (mL), b is the titer for

the blank (mL), f is the factor of H,SO4 (0.02 N), S is the
sample weight (g), and c is the dilution ratio.

mgN/100g =
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Microbiological Characteristic of Chicken Nugget with  cm) were prepared on a round plate and coded with the
Jack Bean Tempeh Flour Substitution three-digit random number. The panelists were also
Total Plate Count (TPC) required to cleanse their palates with water between

The total plate count (TPC) of chicken meat tasting the samples.
nuggets was determined as described by Banerjee et al.
(2019) with modifications. About 10 g of the sample was  Data Analysis
aseptically weighed and homogenized for 2 minutes in a The research design consisted of two factors,
sterile mortar containing 90 mL of 0.1% sterile peptone the first factor was packaging type (nylon/polyethylene
water to make 107! dilution. 1 mL of 10! dilution was (PE), nylon/polyethylene (PE)/polyamide (PA), and
mixed with 9 mL of 0.1% peptone water to obtain 102  polyethylene (PE)/polyamide (PA)) and the second
dilution and so on. In 1000 mL of distilled water, 23.5 g factor was storage time (0 day, 5 days, 10 days, 15 days,
plate count agar was dissolved and autoclaved at 121°C  and 20 days). The data obtained were analyzed by Two
for 15 minutes. About 20 mL of plate count agar hat 44- Way Analysis of Variance (ANOVA) at a significance
46°C was poured gently into each dish and rotated in level of a = 0.05 using SPSS Statistics V27.0. If there
clockwise and anticlockwise directions 7-8 times to mix ~ was a significant difference, it was followed by further
the media uniformly. The plates were incubated at 37 = tests using Duncan's Multiple Range Test (DMRT) at a
1°C for 48 hours. The total microbial count was significance level of a = 0.05.
determined in chicken nuggets at 4°C during 20 days of
storage with 5-day intervals. Results and Discussion

Physical Characteristics

Sensory Evaluation of Chicken Nugget with Jack Bean pH
Tempeh Flour Substitution The packaging type and storage time under

The sensory evaluation used was a hedonic test vacuum had a significant effect (p < 0.05) on the pH of
as described by Hairunnissa et al. (2021) with a total of  chicken nuggets. The results of the pH value of chicken
35 semi-trained panelists aged between 18 and 35 years  nuggets are shown in Table 2. As can be seen, PE/PA
old, both male and female students and workers fromthe  can maintain the quality of chicken nuggets with jack
Faculty of Science and Technology, Department of Food  bean tempeh flour substitution based on changes in pH.
Technology, Universitas Al-Azhar Indonesia. Each This may be attributed to the highest thickness of 0.19
chicken nugget was evaluated in terms of color, aroma, mm among other types of packaging, which may be a
taste, texture, and overall. The samples were evaluated result of low gas permeability, so there was less CO:
using a 5-point hedonic scale ranging from extreme with  absorption. Hur et al. (2013) reported that the pH can
the assessment scores used being 5 (very like), 4 (like), decrease during storage owing to the production of lactic
3 (like slightly), 2 (dislike), and 1 (very dislike). The acid through lactic acid bacteria metabolism and the
samples were then kept warm at 30°C before sensory dissolution of CO:z into the meat product aqueous phase.
evaluation. Small pieces of different samples (2 x 2 x 2

Table 2. Effect of Packaging Type and Storage Time on pH of Chicken Nuggets
Storage Time (Day)

Packaging Type

0 5 10 15 20
Nylon/PE 6.45+0.002° 6.44+0.002 6.42+0.01bcd 6.42+0.01bcd 6.40+0.02¢de
Nylon/PE/PA 6.40+0.00¢%f 6.40+0.00¢¢ce 6.38+0.00¢f9 6.36+0.01f 6.36+0.019
PE/PA 6.46+0.012 6.44+0.043b¢ 6.43+0.043bcd 6.42+0.02bcd 6.43+0.043bcd

Note: The values with different superscripts differ significantly (p < 0.05)

The initial pH values of chicken nuggets with jack  the pH of chicken nuggets with curcuma flour fortification
bean tempeh flour substitution ranged from 6.40 to 6.46. about 6.51. In the present study, the pH of the chicken
On the 20" day of storage, the pH reached 6.40 in nuggets slightly decreased throughout the storage time.
Nylon/PA, while it was 6.36 in Nylon/PE/PA and 6.43 in  According to Talab et al. (2023), the formation of lactic
PE/PA. This however implies that chicken nuggets acid from glycogen as a result of autolysis was the cause
packed in PE/PA plastic packaging with higher pH had of the decline in pH during storage.
better water-holding capacity thereby improving product Furthermore, after 20 days, a decrease in pH
quality (Abiala et al., 2022). The normal pH of meat could be caused by aerobic microorganism growth
ranges from 5.3 to 5.9 depending on the rate of induced by the reduction in oxygen and enhancement of
postmortem glycolysis and muscle glycogen. The pH CO: content. In addition, the reduction in pH might be
value of meat and meat products in general ranges from  related to the fermentation of some ingredients or to the
4.6 to 6.4 (Falahudin et al., 2022). addition of spices (Moosavi-Nasab et al., 2019). This was

pH of meat never reaches below 5.3 because at  in agreement with the results observed by Hatta et al.
a pH below 5.3 enzymes involved in the glycolysis are  (2020), the pH of dangke nuggets decreased from 7.31
inactive. Cooking causes a decrease in the acidic group  on the 0" day to 6.77 on the 14™ day. Also, these findings
so that the isoelectric point increases. Therefore, the pH  are in agreement with the result reported by El-Sohaimy
of chicken nuggets increased compared to the pH of et al. (2022), the pH of quinoa-coated chicken nuggets
meat (Kariang et al., 2023). However, our results were in  gradually decreased with the increasing storage time. It
agreement with Sujarwanta et al. (2019) who obtained is a fact that the decreasing of pH values results in the

35
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growth of lactic acid bacteria (LAB) which produce lactic
acid in the product.

Cooking Loss

The packaging type and storage time had a
significant effect (p < 0.05) on the cooking loss of the
chicken nuggets. The results of cooking loss of chicken
nuggets are shown in Table 3. As can be seen, the
minimum cooking loss (%) of chicken nuggets was
observed in the PE/PA. This may be attributed to the low
water vapor permeability of PE/PA related to the
thickness of PE/PA of 0.19 mm which decreased water
loss. High cooking loss of meat products is an indicator
of weak protein binding and a lot of fluid comes out of
meat products (drip) due to decreased water holding
capacity. The loss of weight or fluid is mostly water,
proteins, fats, vitamins, and other solutions (Dewi &
Prihharsanti, 2012).

As can be seen, the percentage of cooking loss
increased with increasing storage time. The initial
cooking loss of chicken nuggets with jack bean tempeh
flour substitution ranged from 4.58 to 5.22%. On the 20t
day of storage, the cooking loss reached 13.42% in

Nylon/PE, while it was 10.68% in Nylon/PE/PA and
9.85% in PE/PA. As a similar result, the cooking loss of
refrigerated beef nuggets increased with increasing
storage time from 26.67% (0 days) to 21.63% (21 days)
(Talukder et al., 2013). Water holding capacity of chicken
nugget will decrease with decreasing pH (Table 2) during
cold storage for 20 days caused the protein denaturation
of the chicken nugget had many weakly bound water
molecules so that the amount of protein will decrease
(Dewi & Prihharsanti, 2012). The lower cooking loss
indicates the better water-holding capacity of the meat
product (Ma'ruf et al., 2019).

The cooking loss in this study was still in the
range of the cooking loss of commercial chicken
nuggets, which is in the range of 3.37 to 13%. This was
likely caused by the usage of tapioca flour, corn starch,
and jack bean tempeh flour as fillers in the chicken
nuggets, resulting in a low cooking loss, which showed
that the chicken nugget has a good water-holding
capacity. Protein content affected cooking loss in meat
products. According to Kusuma et al. (2017), the high
protein content of meat products plays an important role
in the higher binding of the water.

Table 3. Effect of Packaging Type and Storage Time on Cooking Loss (%) of Chicken Nuggets

Storage Time (Day)

Packaging Type

0 5 10 15 20
Nylon/PE 5.22+0.649" 7.84+1.11°f 10.42+0.82bcd  11.172.03% 13.42+1.422
Nylon/PE/PA 4.94+1.319 6.42:+1.93fh 7.91+0.83¢%! 8.3740.51cd"  10.68+0.14bc
PE/PA 4.58+1.48" 6.08+0.559" 6.18+0.011" 7.44+0.57¢% 9.85+0,52bcde

Note: The values with different superscripts differ significantly (p < 0.05)

Table 4. Effect of Packaging Type and Storage Time on Moisture Content (%) of Chicken Nuggets

Storage Time (Day)

Packaging Type

0 5 10 15 20
Nylon/PE 33.40+0.59 36.12+1.29¢ 37.62+0.78cd 38.30+1.08¢ 40.68+0.602
Nylon/PE/PA 33.87+0.62f 35.86+0.57¢ 36.94+0.87¢% 38.09+1.10% 40.33+0.872
PE/PA 33.51+0.81 34.58+0.53" 38.01:+0.90< 37.92+0.40< 39.4620.32b

Note: The values with different superscripts differ significantly (p < 0.05)

Chemical Characteristics
Moisture Content

The packaging type and storage time had a
significant effect (p < 0.05) on the moisture content of the
chicken nuggets. The results of the moisture content of
nuggets are shown in Table 4. As can be seen, PE/PA
can maintain the quality of chicken nuggets with jack
bean tempeh flour substitution based on changes in
moisture content. This may be attributed to the low water
vapor permeability of PE/PA related to the thickness of
PE/PA of 0.19 mm. The thicker the packaging the less
amount of water vapor can penetrate packaging
materials so the better the packaging protects the
product inside (Sulandari, 2017). In this study, the
moisture content of chicken nuggets in PE/PA packaging
was lowest compared to other types of packaging, this
indicated that PE/PA has a greater ability to inhibit water
vapor into the packaging.

As can be seen, the moisture content increased
with increasing storage time. The initial moisture content
of chicken nuggets with jack bean tempeh flour
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substitution ranged from 33.4 to 33.87%. Alrawashdeh &
Abu-Alruz (2022) reported that the moisture content of
low-fat chicken nuggets was 40.53%. On the 20™ day of
storage, the moisture content reached 40.68% in
Nylon/PE, while it was 40.33% in Nylon/PE/PA and
39.46% in PE/PA. This occurs due to the migration or
transfer of water from the surrounding environment into
the product, such as water vapor absorption. Packaging
permeability can be determined by determining the value
of the water vapor transmission rate (WVTR). WVTR
value for plastics is a maximum of 0.0292 g/m?/hour (Aini
et al.,, 2021). Sulandari (2017) states that nylon
packaging absorbs water vapor. Nylon packaging has a
rate of water vapor transmission rate (WVTR) of 260
g/m?/day. This might be the cause of the moisture
content of chicken nuggets packed with nylon/PE and
nylon/PE/PA showed a higher moisture content than
those packed with PE/PA on the 20" day of storage.
The surface of chicken nuggets can become a
suitable medium for microbial growth due to texture
instability caused by increased moisture content. The
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moisture content influences the quality of chicken
nuggets. Microorganisms including bacteria, molds, and
yeasts more likely to multiply quickly with high moisture
content (Rohaya et al., 2024). According to Indonesia
National Standard (ISN) No 01-6683-2014, the
maximum moisture content in the combination nuggets
is 60%, so all chicken nuggets packed in nylon/PE,
nylon/PE/PA, and PE/PA have met the ISN requirements
because the highest moisture content obtained was
40.68% on the 20" day of storage.

Protein Content

The packaging type and storage time had a
significant effect (p < 0.05) on the protein content of the
chicken nuggets. The results of the protein content of
nuggets are shown in Table 5. As can be seen, PE/PA
can maintain the quality of chicken nuggets with jack
bean tempeh flour substitution based on changes in
protein content. This may be attributed to the highest
thickness of 0.19 mm among other types of packaging,
which may be a result of low gas permeability. The
number of bacteria present on the packaging is closely
related to the gas permeability of the packaging.

Thick plastic packaging has a low oxygen
transmission rate (OTR) (Fatharani et al., 2020). This
might be caused by PE/PA can reduce the amount of
oxygen (O2) gas that passes through the packaging. The
O:2 that is in the packaging can be used for microbial
growth. Proteolytic bacteria are classified as aerobic
bacteria that will grow optimally in the presence of Oa.
The more O: in the environment, the more optimal the
growth of proteolytic bacteria (Furgon et al., 2016).

Table 5. Effect of Packaging Type and Storage Time on
Protein Content (%) of Chicken Nuggets

Packaging Storage Time (Day)

Type 0 20
Nylon/PE 35.72 £ 0.98° 13.30 £ 2.96¢
Nylon/PE/PA 42.02 + 3.952 14.00 + 1.974
PE/PA 4622 £1.972  24.51 + 4.94¢

Note: The values with different superscripts differ significantly
(p <0.05)

As can be seen, the protein content decreased
with increasing storage time. The initial protein content
of chicken nuggets with jack bean tempeh flour
substitution ranged from 35.72 to 46.22%, higher than
the protein content of chicken nuggets with chicken skin
and wheat fiber mixture ranged from 25.13 to 27.36%
(Kim et al., 2015). On the 20 day of storage, the protein
content reached 13.30 in Nylon/PE, while it was 14.00 in
Nylon/PE/PA and 24.51 in PE/PA. The decrease in
protein content was caused by the activity of proteolytic
bacteria that can digest proteins during storage so that it
can cause protein degradation.

Proteolytic bacteria can grow optimally at room
temperature, but over time can continue to grow and
develop at refrigerator temperature so that proteolysis
occurs (Furgon et al., 2016). According to Indonesia
National Standard (ISN) No 01-6683-2014 for combined
chicken nuggets, the minimum protein content in a
chicken nugget is 9%, which means that all chicken
nuggets packed in nylon/PE, nylon/PE/PA, and PE/PA
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substitution had higher protein content than ISN. The
higher protein content of chicken nuggets can enhance
the water-holding capacity so that the higher hardness
value of the texture (Mawla et al., 2018).

Total Volatile Base Nitrogen (TVBN)

The packaging type and storage time had a
significant effect (p < 0.05) on the TVBN content of the
chicken nuggets. The results of TVBN content of chicken
nuggets are shown in Table 6. The recommended limit
of TVBN for palatability of meat products is 20 mg N/100
g (Raeisi et al., 2021). The chicken nuggets substituted
with jack bean tempeh flour in all chicken nuggets
packed in nylon/PE, nylon/PE/PA, and PE/PA were less
than the recommended limit on the 20" day of storage.
The vacuum packaging of chicken nuggets affects the
formation rate of TVBN since it lowers the formation of
TVBN as compared to aerobic packaging which appears
in the fast spoilage of aerobic packaging (Salama et al.,
2016).

Table 6. Effect of Packaging Type and Storage Time on
TVBN Content (mg N/100 g) of Chicken Nuggets

Packaging Storage Time (Day)

Type 0 20
Nylon/PE 5.60 + 0.03¢ 11.09 £ 0.07°
Nylon/PE/PA 5.58 £ 0.01°¢ 11.18 £ 0.01°
PE/PA 5.50 + 0.02¢ 16.44 + 0.062

Note: The values with different superscripts differ significantly
(p < 0.05)

As can be seen, the TVBN content increased
with increasing storage time. Salama et al. (2016) also
reported the TVBN content of chicken nuggets was
increased as storage time increased. The initial TVBN
content of chicken nuggets with jack bean tempeh flour
substitution ranged from 5.50 to 5.60 mg N/100 g.
Previous research has found that storage at 5°C on day
0 showed the TVBN content of fish nuggets 1.12 mg
N/100 g (Dalle et al., 2021). On the 20" day of storage,
the TVBN content reached 11.09 mg N/100 g in
Nylon/PE, while it was 11.18 mg N/100 g in Nylon/PE/PA
and 16.44 mg N/100 g in PE/PA. The TVBN content of
chicken nuggets packaged with PE/PA on day 20 was
highest among other types of packaging might be caused
by the compression process of the vacuum packaging,
so there can be a deterioration reaction in the chicken
nuggets (Razie & Widawati, 2018).

The longer the storage time, the higher the
TVBN content, but vacuum packaging can inhibit the
increase in TVBN due to the absence of oxygen in the
packaging so that it can inhibit the oxidation process
(Brainerd & Junianto, 2021). TVBN content is an
important indicator for evaluating the freshness of meat
products which measure mainly trimethylamine (TMA),
ammonia, and dimethylamine (DMA). TVBN content can
increase with either enzymatic or bacterial degradation
(Raeisi et al., 2021). The TVBN content increased
slightly during the first days of storage, this slight
increase may reflect the amines production by autolytic
processes (Maghraby et al., 2013).
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Table 7. Effect of Packaging Type and Storage Time on TPC (log cfu/g) of Chicken Nuggets

Storage Time (Day)

Packaging Type

0 5 10 15 20
Nylon/PE 4.18+0.059 4.89+0.03°' 4.99+0.02¢ 5.28+0.01° 5.38+0.60°
Nylon/PE/PA 3.85+0.18" 4.87+0.03' 4.97+0.02% 5.12+0.01° 5.37+0.87°
PE/PA 3.77+0.12" 4.85+0.04f 4.94+0.03% 5.11+0.02° 5.36+0.32%

Note: The values with different superscripts differ significantly (p < 0.05)

Microbiological Characteristics
Total Plate Count (TPC)

The packaging type and storage time had a
significant effect (p < 0.05) on the TPC of the chicken
nuggets. The results of the TPC of chicken nuggets are
shown in Table 7. According to Indonesia National
Standard (ISN) No 01-6683-2014, cooked meat products
such as nuggets may be consumed if the allowable limit
of microbial contamination does not exceed 5 log cfu/g.
In the present study, the TPC of chicken nuggets in all
types of packaging remained lower than the allowable
limit of Indonesian standard for cooked meat products up
to 10 days of cold storage indicating that the chicken
nuggets were microbiologically safe in cold storage for
10 days.

As can be seen, the TPC increased slightly with
increasing storage time. The initial TPC of chicken
nuggets with jack bean tempeh flour substitution ranged
from 3.77 to 4.18 log cfu/g. On the 20" day of storage,
the TPC of chicken nuggets with jack bean tempeh flour
substitution reached 5.38 log cfu/g in Nylon/PE, while it
was 5.37 log cfu/g in Nylon/PE/PA and 5.36 log cfu/g in
PE/PA. A similar result by EI-Sohaimy et al. (2022), was
an increase in TPC from 1.30 at 0 days to 3.76 log cfu/g
on the 24" day of cold storage of quinoa-coated chicken
nuggets.

Chicken nuggets packaged with PE/PA showed
better quality than those of nylon/PE and nylon/PE/PA.
This may be attributed to the highest thickness of 0.19
mm among other types of packaging, which may be a
result of the low permeability of water vapor and oxygen
(O2). The low permeability of O, reduces the oxidation
and growth of aerobic microbes; whereas, the low
permeability of water vapor decreases water content
lower than that required by the microbes especially
molds (Zahra et al., 2016). This indicates that PE/PA can
retard the growth of microorganisms are a major cause
of deterioration of chicken nuggets resulting to extend
shelf life.

Sensory Evaluation of Chicken Nugget with Jack Bean
Tempeh Flour Substitution

Sensory evaluation has been a useful tool to
evaluate the changes in chicken nugget quality during
storage. The hedonic quality analysis of chicken nuggets
packaged in three vacuum packaging types during cold
storage was evaluated for color, aroma, taste, texture,
and overall acceptance as shown in Figure 1. Regarding
storage time, sensory attributes tended to decrease with
the increase in storage time. Similar findings were
observed by Rani et al. (2024) upon cold storage of fiber-
enriched chicken nuggets.

Figure 1. Chicken Nuggets with Jack Bean Tempeh Flour Substitution During Cold Storage: (a) Day 0 (b) Day 5 (c)

Day 10 (d) Day 15 (e) Day 20
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The packaging type and storage time had a
significant effect (p < 0.05) on the color acceptability
score of the chicken nuggets. The results of color
acceptability scores of chicken nuggets are shown in
Table 8. The use of vacuum packaging is more effective
in resisting discoloration than non-vacuum packaging
(Silvia et al., 2022). As can be seen, the color
acceptability score of the chicken nugget with jack bean
tempeh flour substitution ranged between 3.5 to 4.1 (like
slightly to like). This score was slightly decreased with
increasing the storage time.

On the 20" day of storage, the color acceptability
score reached 3.5 in Nylon/PE, while it was 3.58 in
Nylon/PE/PA and 3.63 in PE/PA. This result is in
agreement with the results of Moosavi-Nasab et al.
(2019) who obtained that the color acceptability score of
fish and surimi nuggets was slightly decreased with
increasing the storage time. Chicken nuggets packed
with PE/PA plastic showed the best color sensory score.
The decrease in color acceptability score with the
increase in storage days could be attributed to non-

enzymatic browning resulting from a reaction between
lipid oxidation products and amino acids (Kumar et al.,
2011).

The packaging type and storage time had no
significant effect (p > 0.05) on the aroma acceptability
score of the chicken nuggets. The results of the aroma
acceptability scores of chicken nuggets are shown in
Table 9. As can be seen, the aroma acceptability score
of the chicken nugget with jack bean tempeh flour
substitution ranged between 3.42 and 3.89 (like slightly).
This score was slightly decreased with increasing the
storage time. The presence of lipase enzymes produced
by microbes causes damage and oxidation of fat in the
chicken nugget by air so that rancidity occurs rancidity.
On the 20™ day of storage, the aroma acceptability score
reached 3.5 in Nylon/PE, while it was 3.42 in
Nylon/PE/PA and 3.45 in PE/PA. Vacuum packaging is
better than non-vacuum packaging because it can inhibit
the oxidation process of food products (Silvia et al.,
2022).

Table 8. Effect of Packaging Type and Storage Time on Color Attribute of Chicken Nugget

Storage Time (Day)

Packaging Type

0 5 10 15 20
Nylon/PE 4.0£0.693b¢ 3.92+0.71abcde 3.55+0.86¢% 3.53+0.79¢e 3.5+0.97¢
Nylon/PE/PA 4.08+0.67% 3.92+0.67abcde 3.68+0.96bcde 3.66+0.74cde 3.58+0.79¢de
PE/PA 4.1+0.762 3.95+0.763bcd 3.71+0.65ab0cde 3.66+0.90¢d 3.63+0.81¢de

Note: The values with different superscripts differ significantly (p < 0.05)

Table 9. Effect of Packaging Type and Storage Time on Aroma Attribute of Chicken Nugget

Storage Time (Day)

Packaging Type

0 5 10 15 20
Nylon/PE 3.89+0.722 3.76+0.912 3.76+0.88% 3.68+0.802° 3.5+£0.86%
Nylon/PE/PA 3.8710.81% 3.71+0.762° 3.68+0.842 3.61+0.882 3.42+0.85
PE/PA 3.7610.672 3.66+0.81ab 3.53+0.82ab 3.63+0.972b 3.45+0.952
Note: The values with different superscripts differ significantly (p < 0.05)
Table 10. Effect of Packaging Type and Storage Time on Taste Attribute of Chicken Nugget
Packaging Type Storage Time (Day)
0 5 10 15 20
Nylon/PE 3.81+0.762b 3.74+0.79abcd 3.45+0.86Vd 3.26+0.92¢ 3.37+0.94bcd
Nylon/PE/PA 4.08+0.852 3.71+0.953abcd 3.5+1.00bcd 3.3241.11¢d 3.39+1.0Qbcd
PE/PA 4.16+0.672 3.76+0.94abc 3.68+0.90abcd 3.47+0.95bcd 3.5+0.97bcd

Note: The values with different superscripts differ significantly (p < 0.05)

The packaging type and storage time had a
significant effect (p < 0.05) on the taste acceptability
score of the chicken nuggets. The results of taste
acceptability scores of chicken nuggets are shown in
Table 10. As can be seen, the taste acceptability score
of the chicken nugget with jack bean tempeh flour
substitution ranged between 3.26 and 4.16 (like slightly
to like). This score was slightly decreased with increasing
the storage time. On the 20" day of storage, the taste
acceptability score reached 3.37 in Nylon/PE, while it
was 3.39 in Nylon/PE/PA and 3.5 in PE/PA. The
reduction in taste acceptability scores with the increase
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of storage time could be attributed to microbial growth
and oxidative rancidity resulting in off-flavor (Kumar et
al., 2011).

The packaging type and storage time had a
significant effect (p < 0.05) on the texture acceptability
score of the chicken nuggets. The results of texture
acceptability scores of chicken nuggets are shown in
Table 11. As can be seen, the texture acceptability score
of the chicken nugget with jack bean tempeh flour
substitution ranged between 3.0 to 3.87 (like slightly).
This score was slightly decreased with increasing the
storage time.
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Table 11. Effect of Packaging Type and Storage Time on Texture Attribute of Chicken Nugget

Storage Time (Day)

Packaging Type

0 5 10 15 20
Nylon/PE 3.55+0.72abed 3.53+0.91abcde 3.24+0.88¢de 3.05+0.80¢ 3.0+0.86¢°
Nylon/PE/PA 3.79+0.812b 3.5+0.763bcde 3.42+0.84abcde 3.32+0.88bcde 3.26:+0.85bcde
PE/PA 3.87+0.672 3.61+0.81abc 3.45+0.82abcde 3.34+0.97abcde 3.29+0.95bcde

Note: The values with different superscripts differ significantly (p < 0.05)

Table 12. Effect of Packaging Type and Storage Time on Overall Attribute of Chicken Nugget

Storage Time (Day)

Packaging Type

0 5 10 15 20
Nylon/PE 3.74+0.722b 3.66+0.932° 3.55+1.052b 3.39+1.022° 3.37+1.05°
Nylon/PE/PA 3.87+0.702b 3.68+0.802° 3.61+0.822b 3.45+1.002° 3.42+0.912b
PE/PA 3.92+0.782 3.71+0.862° 3.45+0.762b 3.63+1.142b 3.53+1.052b

Note: The values with different superscripts differ significantly (p < 0.05)

On the 20" day of storage, the texture
acceptability score reached 3.0 in Nylon/PE, while it was
3.26 in Nylon/PE/PA and 3.29 in PE/PA. Previous
studies showed that the activity of microorganisms can
degrade protein which causes the texture of chicken
nuggets to become soft. The texture of the chicken
nuggets decreased after 20 days of storage could be
because of increased loss of water, reduction in pH, and
degradation of muscle fiber protein by bacterial activity
(Kumar et al., 2011). The activity of microorganisms at
cold storage is lower so the rate of change in chicken
nugget texture is slower compared to chicken nuggets
stored at room temperature (Lindriati et al., 2022).
Nursafira et al. (2021) reported that vacuum packaging
in meat products will inhibit the circulation of air and
water vapor which can inhibit the microbial growth.

The packaging type and storage time had a
significant effect (p < 0.05) on the overall acceptability
score of the chicken nuggets. The results of the overall
acceptability scores of chicken nuggets are shown in
Table 12. As can be seen, the overall acceptability score
of the chicken nugget with jack bean tempeh flour
substitution ranged between 3.37 and 3.92 (like slightly).
This score was slightly decreased with increasing the
storage time.

On the 20" day of storage, the overall
acceptability score reached 3.37 in Nylon/PE, while it
was 3.42 in Nylon/PE/PA and 3.53 in PE/PA. This score
indicates that the chicken nuggets were still suitable for
consumption at the end of storage. Despite good quality
characteristics even on day 20, owing to the
development of slight off-flavor and low tenderness.

Conclusion

The packaging type and storage time significantly
affected the quality characteristics of chicken nuggets
substituted with jack bean tempeh flour (p < 0.05). PE/PA
was the most suitable plastic packaging for maintaining
the quality characteristic of chicken nuggets substituted
with jack bean tempeh flour during 20 days of cold
storage under vacuum packaging conditions. The
physical and chemical quality of chicken nuggets
substituted with jack bean tempeh flour on the 20" day
of storage were pH of 6.43, cooking loss of 9.85%,
moisture content of 39.46%, protein content of 24.51%,
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TVBN content of 16.44 mg N/100 g, and TPC of 5.36 log
cfu/g. Meanwhile, the result of the sensory evaluation
showed that scores for attributes were color 3.63, aroma
3.45, taste 3.5, texture 3.29, and overall 3.53 (like
slightly) on the 20" day of storage. The best storage time
of chicken nuggets substituted with jack bean tempeh
flour in all types of packaging was microbiologically safe
after cold storage for 10 days.
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