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Abstract. Curry leaves (Murayya koenegii) are spices commonly used as
a flavouring in Indonesian cuisine. Curry leaves contain antioxidants, antitherapeutic agents, and inhibitors of pathogenic bacteria. The purpose of
this study was to observe the effectiveness of adding curry leaves to
chicken meatballs at 48 hours of storage. The research design used in this
study was a completely randomized design with 4 treatments and 5
replications. The treatments consist of P0: meatball without curry leaves
0%; P1: meatball + dried curry leaves 2%; P2: Meatball + dried curry
leaves 4%; P3: Meatball + dried curry leaves 6%. After boiling, the
meatballs were stored at 27°C for 48 hours to be tested for physical quality.
The results showed that the addition of curry leaves to the meatball mixture
had a significant effect (P˂0.05) on the physical quality among others pH,
water content, cooking loss, tenderness, colour scale of brightness (L), and
redness (a*). However, it had no significant effect on the yellowish colour
(b*). Curry leaves can also inhibit early rotten in chicken meatballs for 48
hours of storage. It was concluded that the addition of curry leaves was
effective in improving the physical quality of chicken meatballs

1 Introduction
Chicken meatball is a product from the mixture of ground beef with flour and spices then
formed into balls and boiled. In Indonesia, meatball is a very popular favourite food. The
level of meatball consumption is in line with the development of the number of producers
who process various innovations. At this time, consumer demand has increased for
processed meat products that are healthier because using natural ingredients. These
consumer demands encourage the development of processed meat products with healthier
bioactive compounds [1]. Bioactive compounds can come from ingredients derived from
plants so that they can be used in the formulation of processed meat products.
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Curry leaves or Murayya koenegi contain anti-inflammatory, anti-bacterial, and antidiabetic compounds [2]. According to [3] curry leaves have properties that can treat
diseases associated with pathogenic bacteria. Curry leaves contain biguanides such as
metformin that are used for type 2 diabetes treatment [4]. According to [5] curry leaves are
therapeutic agents and effective in inhibiting Escherichia coli, Staphylococcus aureus,
Vibrio cholerae, Klebsiella pneumonia, Salmonella typhi, and Bacillus subtilis which are
comparable to commercial antibiotics chloramphenicol, streptomycin, and gentamicin.
Antioxidant protein from curry leaves showed antibacterial activity against pathogenic
bacteria. In addition, curry leaves also have anticancer activity [6].
The study was to determine the effectiveness of curry leaves on the physical quality of
chicken meatballs at 48 hours of storage. Physical quality test on meatballs is a very
important factor before food is consumed. If the quality of the meatball meets the criteria
set by the Indonesian National Standard, the meatball is safe for consumption. The benefit
of this research is as a source of information about the physical quality of meatballs with
the addition of curry leaves during a 48 hours shelf life.

2 Methods
2.1 Material
Making chicken meatball based on [7] using 1000 grams of chicken meat, 100 grams of
casasava flour, 1 egg, 6 grams of pepper, 5 pieces of Garlic , 6 grams sodium
tripolyphosphate, 10 grams salt, ice, dried curry leaves 2%, 4%, and 6%.
2.2 Procedure for Making Chicken Meatball
The chicken meat is ground with ice cubes, then all the spices are mashed and mixed in the
chicken meat mixture. The meat dough is added with tapioca flour, eggs, STTP, and curry
leaves. The dough is moulded into a round shape and then boiled for 20 minutes in 100°C
water.
2.3 Procedure for Measuring pH Value
The pH value is the degree of acidity measured using the Amtast AMT16M meat pH meter
by immersing the sensor needle on the pH meter into Aquadest and KCl. Then the sensor
needle is inserted into the meatball for 1 minute [8]
2.4 Procedure for Measuring Cooking loss
Cooking loss measurement method using CSIRO [8]. Meatball dough is weighed and put
into a plastic bag and then boiled in water at a temperature of 80-90°C. After being boiled,
it is weighed again after the meatballs are cold.
2.5 Procedure for Measuring Water Content
Measuring the water content of the meatball using the Amtast DM300R water content
meter. The water content meter is set first with a scale of 6-7 then wait until the number
display on the LCD layer becomes 0. Insert the sensor needle into the meatball sample [9]
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2.6 Procedure for Measuring Colour
Measuring meat colour using the Amtast AMT501U Colorimeter. Calibrate the sensor tip
on the black and white stabilizer. Aim the sensor tip by pressing the button so that the beam
of light reaches the target of the meatball sample correctly [10]
2.7 Procedure for Measuring Tenderness
The tenderness of chicken meatballs is measured using a Penetrometer [11]. Slice the
meatball with a size of 1x1x1 cm then place them at the bottom of the penetrometer. Press
the penetrometer lever for 10 seconds then note the scale that appears on the instrument
2.8 Measuring Early Sign of Rotten
Measurement of the early signs of meat rotten using the Postma test. As much as 1 gram of
meatball sample in 10 ml of water left for 10 minutes. Then mix 100 mg of MgO and heat
to 50°C. Place the sample in a petri dish with a lid on the sample. Put in the litmus paper
and glue it back together. Wait for 10 minutes and watch the colour change on the litmus
paper [12-13].
2.9 Research Design
This study used a completely randomized design with 4 treatments and 5 replications if
there were significantly different values followed by the Duncan test.
P0 : meatball without curry leaves as control or 0%
P1 : meatball + dried curry leaves 2%
P2 : meatball + dried curry leaves 4%
P3 : meatball + dried curry leaves 6%
The meatballs were stored at 27°C-31°C for 48 hours and then each sample was measured
using a predetermined measurement procedure

3 Results and Discussions
The results of physical quality measurement of meatball sample in the study consisting of
the pH value, water content, cooking loss, colour, and early signs of meat rot can be seen in
the table 1 below.
Table1. Physical quality of chicken meatballs with dried curry leaves
Physical Quality
P0
P1
pH Value
6.52±0.25a
6.28±0,12a
Water content
70.5±1.22a
65.2±1.10b
a
Cooking loss
22.7±3.83
19.6±1.46ab
Colour
L
31.6±2.14a
31.3±1.52a
a
a
6.2±2.21
3.21±1.29b
b
8.23±1.10
9.52±2.09
Tenderness
a
0.0462±0.0033
0.0485±0.0072a
(mm/g/det)
Rotten Sign
Positive
Negative
The different notation shows real differences (P˂0.05)
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P2
6.17±0.21b
64.5±1.42b
14.4±1.44b

P3
6.13±0.18b
64.8±1.13b
14.8±2.15b

30.5±1.23a
3.10±1.72b
9.63±1.48

21.62±3.3b
3.65±2.31b
9.09±1.12

0.0574±0.0062b

0.0501±0,0031ab

Negative

Negative
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3.1 pH of Chicken Meatball
The results showed that curry leaves had a significant (P˂0.05) on the pH of chicken
meatball. The highest average meat pH value was at P0 which was 6.52±0.25 and the
lowest was at P2 that was 6.17±0.21. The pH values at P0 and P1 were significantly
different from those at P2 and P3 on the pH of the meat. The decrease in the pH value
occurred from P0, P1 and then decreased at P2 and P3. It can be affected by the basic
ingredients used in making meatballs. Change in hydrogen balance as a result of the basic
ingredients used. Following [14] that changes in the constituent materials in restructured
meat can affect the pH value of the processed product. According to [15] the pH value of
meatball is between 5.5-7.2. According to SNI or national standards used in Indonesia, the
pH of meatballs is between 6-7. At the pH of the meatballs the research results were in the
normal category. The pH of meatballs is related to the shelf life of meatballs. The lower the
pH of the meatballs, the lower the microbial growth, thus extending the shelf life.
3.2 Water Content of Chicken Meatball
The percentage of water content in samples P0, P1, P2, and P3 were 70.5±1.22,
respectively; 65.2±1.10; 64.5±1.42; and 64.8±1.13. Results of analysis of variance showed
that P0 had a significant effect (P˂0.05) on P1, P2, and P3. It means that the addition of
curry leaves can affect the percentage of the water content of chicken meatballs. According
to [16] cooking in meatballs can reduce the water content in meatballs. The water content in
this study was lower than [17] cooked meatballs had an average water content of 53.54%.
The percentage of meatball moisture according to the Indonesian National Standards
Agency 01-3818-1995 is a maximum of 70.0%. It means that the range of water content in
the addition of curry leaves was normal. The percentage of moisture content in processed
meat products meatballs may affect the storage time. High moisture content can increase
microbial growth. The best treatment for the moisture content of chicken meatball was in
P2 treatment with the addition of 4% curry leaves in the meatball dough
3.3 Cooking Loss of Chicken Meatball
The average percentage cooking loss in chicken meatballs in the study for P0, P1, P2, and
P3 were 22.7±3.83; 19.6±1.46; 14.4±1.44, and 14.8±2.15, respectively. The highest
percentage of cooking loss is at P0 or control, while the lowest percentage is at P2 and P3.
Duncan's test results showed that P0 was significantly different (P˂0.05) to the P2 and P3.
It means the higher the addition of dried curry leaves to the dough, the slower the cooking
loss in meatballs. The value of cooking loss in the control was higher than in the treatment.
It is suspected that curry leaves powder can make the dough denser because dry curry
leaves powder can absorb water when mixed with the dough. Before boiling, it can be seen
that the dough in the treatment looks denser than the control (P1). According to [18] the use
of powdered curry leaves did not affect the water holding capacity and did not affect the
loss of nutrients in food. This means that curry leaves can maintain the protein content in
the meatball dough so that the water holding capacity can be maintained and the cooking
loss has a low percentage. Cooking loss in experimental samples within the normal range.
According to [19] the percentage of cooking loss in meatballs with added gum is between
22.0-17.7%. Cooking loss in meatballs with the addition of pomegranate is between
19.20% to 23.1% [20]. Cooking loss in this study was normal. The addition of curry leaves
4% (P2) and 6% (P3) in the meatball mixture was effective in reducing cooking loss.
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3.4 Colour of Chicken Meatball
The colour of chicken meatball after cooking at L (Light) is the brightness level of chicken
meatball with the highest value at P1 that was 31.6±2.14 and the lowest at P3 that was
21.62±3.3. Duncan's test results showed that P3 was significantly different (P˂0.05) against
P0, P1, and P2. The higher the addition of curry leaves, the brightness level decreases.
According to [21] the brightness level of the meatball is 32.80 while the addition of wheat
meatball is between 34.75-38.04. In this study, the brightness level is lower. It can happen
because the curry leaves powder is brownish so it can affect the brightness of the meatballs.
However, with the addition of 2% (P1) and 4% (P2) curry leaves, the brightness level was
higher so it is quite good if applied to chicken meatball dough. The b* or yellowish colour
scale showed no significant difference (P˃0.05) between treatments. The lowest b* colour
scale was at P0 namely 8.23±1.10 and the highest was at P2 and P1. The high yellow colour
can be caused by carotenoid pigments present in plants [21]. A higher yellowish colour
scale can also indicate the freshness of chicken or processed products. It means that the
treatment with the addition of curry leaves during the 48-hour shelf life of the meatballs is
still quite fresh. The reddish colour scale or a* at P0 is 6.2±2.21 while at P1, P2 and P3 are
3.21±1.29; 3.10±1.72; 3.65±2.31. Duncan's test results showed that P0 was very
significantly different from P1, P2, and P3. This means that P2 and P3 treatments were
recommended in this study. The higher the red colour scale (a*) showed that the meat or
meatball has undergone a process of decay or become a carcass. It means that at P1, P2 and
P3 showed the chicken meatball mixture with the addition of curry leaves can last for 48
hours.
3.5 Tenderness of Chicken Meatball
Meat tenderness is measured using a penetrometer that is determined by the amount of
pressure or force required by the unit area (mm/g/10 s) on meat or processed products [12].
The lowest value of meatball tenderness was at P0 which was 0.0462±0.0033 and the
highest tenderness was at P2 that was 0.0574±0.0062. Based on Duncan's test, there was no
significant difference between P0 (P˃0.05) to P1 but significantly different from P2.
Tenderness can be affected by enzymes, heating, shelf life, and the use of fillers. The
addition of curry leaves affects the tenderness of chicken meatballs as shown by the sample
(P2) 4%. In sample P3 tenderness decreased. This is supposedly due to the decreased water
content causing the surface of the meatballs to become dry and somewhat hard. However,
in this study, the addition of 4% curry leaves was good enough to increase the tenderness of
chicken meatballs
3.6 Early Rotten Sign of Chicken Meatball
The results of the study were P0 that was stored for 48 hours the results were (+) while the
P1, P2, and P3 treatments obtained negative results (-). According to [15] curry leaves
extract can extend the shelf life of meat for 3-5 days. According to [22] curry leaves extract
25%-50% can extend the shelf life of meat for 5-7 days. Postma test is used to determine
the metabolism carried out by pathogenic microorganisms. Bacterial growth in this study
showed that it could be inhibited by the addition of curry leaves. It can occur because
bacterial growth is caused by the interaction of compounds in curry leaves with bacterial
cell membranes, causing damage to the bacterial cell wall. According to [23] the content of
flavonoids which are lipophilic as a cause of cell membrane damage in bacteria so that
bacterial growth is inhibited. Bacterial growth that has been inhibited causes the shelf life
of chicken meatballs to be longer than was 48 hours compared to the sample at P0. In this
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study, the P0 or control sample showed a (+) result, which means that initial spoilage has
occurred and the pH of the meat has become alkaline. In fresh meat, NH3OH is not formed
because free NH3 has not been formed, resulting in a change in the colour of the litmus
paper. Early rot is usually characterized by the surface of the material being slimy and
emitting a foul odour. Meanwhile, in the P1, P2, and P3 treatments, the initial decay
process could be inhibited. Based on the results of research that curry leaves are effective as
a preservative for chicken meatballs. In addition to this, the taste and aroma of meatballs
using 4% curry leaf still show a taste that is acceptable to consumers.

4 Conclusions
The addition of curry leaves (Murayya koenegii) to the meatball mixture had a significant
effect (P˂0.05) on the physical quality among others pH, water content, cooking loss,
tenderness, colour scale of brightness (L*), and redness (a*). Curry leaves (Murayya
koenegii) can maintain the pH Value and water content, increase tenderness, reduce
cooking loss, maintain the colour of chicken meatballs at the addition of 4% (P2). Curry
leaves (Murayya koenegii) can also inhibit spoilage in chicken meatballs for 48 hours of
storage. Aaddition of 4% curry leaves (Murayya koenegii) in P2 treatment was effective in
improving the physical quality of chicken meatball
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