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*is study examines the use of smoke powder derived from rice husks as a preservative for chicken meatballs. Rice husks were
pyrolyzed in a slow pyrolysis reactor at the temperatures of 300°C (T1), 350°C (T2), and 400°C (T3) to produce liquid smoke. Each
of the liquid smoke was distilled at 190°C and then converted into smoke powder by spray drying method. *e smoke powder’s
feasibility as a meatball preservative was examined by total plate count (TPC), total volatile base (TVB), most probable number
(MPN) test of E. coli, and organoleptic (aroma, texture, and color) tests. *e results showed that the TPC and TVB increased with
storage time. At the storage time of 76 hours, the meatballs were no longer suitable for consumption as the TPC had exceeded the
minimum limit. In meatballs with T3 smoke powder at 72-hour storage, the number of colonies was 6.87×104 CFU/g, indicating
the TPC value has not exceeded the threshold yet. *e TVB test showed that up to 72 hours of storage, the meatballs remained
fresh with a TVB value of less than 0.20mgN/g. *e result of the organoleptic test also showed that meatballs could last for 72
hours. *e MPN test, on the other hand, revealed that the E. coli was still permissible after 68 hours of preservation.

1. Introduction

In recent years, liquid smoke from various biomass wastes
including coconut shells [1, 2], white lead wood [3], aromatic
plants [4], durian husks [5], sawdust [6], and cocoa pod [7]
has been used as a preservative in wood and food products.
*e rawmaterial commonly used to produce liquid smoke is
biomass with a hard texture. In general, biomass contains
about 50% cellulose, 25% hemicellulose, and 25% lignin [8].
Several studies attempted to utilize agricultural biomass
wastes such as corn cobs, sugarcane stalks, and oil palm
waste to produce energy or other useful materials [9, 10].
However, the use of biomass waste, especially rice husks, to
produce liquid smoke has not attractedmuch interest among
researchers, even though rice husks have untapped large

potential or have not been used properly. A rice milling
produces about 25% husk which is usually burned to pro-
duce biochar, boiler feed, cement filler [11–13], or used as an
agricultural soil mixture.

Rice husk contains cellulose (about 32%), hemicellulose
(21%), lignin (21%), ash (15%), and crude protein [14–16],
which can produce quality liquid smoke [17]. Liquid smoke
compounds from rice husks are reported to have several
functional properties such as antibacterial/microbial
[18, 19], antidiabetic [20], and anti-inflammatory [21],
making them an alternative preservative for various food
products.*e organic acids in liquid smokemake its pH low,
causing damage to the bacterial cell wall. In addition, liquid
smoke also gives the effect of distinctive smoky flavor and
appearance in food products [22].
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Previous studies have examined the use of liquid smoke
as a preservative for meat [23, 24] and tuna flesh [25].
However, the development of liquid smoke into smoke
powder for food preservatives has not been widely carried
out despite themethod’s convenience and ability tomaintain
liquid smoke quality. Powdered liquid smoke can maintain
the stability of bioactive compounds in liquid smoke [26].
*is study aims to examine the use of smoke powder from
rice husks prepared at various pyrolysis temperatures as a
preservative for chicken meatballs.

2. Materials and Methods

Liquid smoke was prepared from rice husk pyrolyzed at
300°C (T1), 350°C (T2), and 400°C (T3) in a pyrolysis reactor.
*e preparation followed the detailed procedures in the
previous studies [27]. *e conversion of rice husk-based
liquid smoke into powdered liquid smoke was carried out
using a spray dryer. To one liter of liquid smoke, malto-
dextrin, 30% of the volume was added and stirred. After
thoroughly mixed, a spray dryer was used with a drying
temperature of 170°C inlet and 70°C outlet for two hours and
2-bar pressure to produce a powder. *e meat balls used as
samples were prepared from 1 kg of cleaned chicken to
which 300 grams of tapioca flour, egg, and spices such as
pepper, shallots, beef seasoning, and salt were also added.
*e ingredients were mixed until a dough was formed. *e
dough was then made into meatballs and then boiled for
about 20 minutes. *e detail information on meat balls
preparation can be found elsewhere [28]. Preservation was
carried out by the sprinkling method. Having been coated
with smoke powder thoroughly, each batch of the meatball
samples was then tested for their TVB, TPC, and organo-
leptic properties every four hours. Detail procedures for
TVB, TPC, and organoleptic analyses followed previous
research [17]. *e MPN tests were performed based on the
Indonesian National Standard analysis for microbe con-
tamination [29]. *e analysis of the organoleptic test was
carried out using statistical method (SPSS ver. 16) with one-
way ANOVA and least significant difference (LSD).

3. Results and Discussion

3.1. Total Plate Count (TPC) Test. Total plate count test on
meatball samples is one of the microbiological parameters to
assess the material edibility and its rate of deterioration. *e
test results showed that the number of bacteria in the
meatball samples ranged from 1.19×104 CFU/g to
>3×105 CFU/g. *e value of >3×105 CFU/g was started
from 40 h storage time of control sample (without smoke
powder), as can be seen in Figure 1.

*e limit of TPC value in the meatballs based on the
Indonesian National Standards (SNI) no. 02-2725-1992 [30]
is 1× 105 colonies/g.*e total number of bacteria detected in
the meatball samples for a period of 4 to 76 hours ranged
from 1.19×104 CFU/g to 5.27×105 CFU/g. *e pyrolysis
temperature affected the characteristics of the smoke
powder. As seen in Figure 1, the higher the pyrolysis
temperature in the preparation of liquid smoke, the lower

the number of bacterial colonies found. It was seen from the
initial observation time to the end that the number of
bacteria in the meatballs without smoke powder (T0) and in
the samples with a lower pyrolysis temperature of liquid
smoke (T1) had a higher TPC than that in the meatballs with
T3 smoke powder.

In the first 24 hours of storage, the TPC of meatball in
sample T0 was 7.03×104, while that of samples with T1, T2,
and T3 smoke powder were lower, namely 2.91× 104,
2.72×104, and 2.47×104, respectively. As shown in Figure 1,
at 36 hours of storage at each pyrolysis temperature
(300–400°C), the TPC did not reach 4×104 CFU/gram yet.
*e number of bacteria increased with the length of storage
time at room temperature. Meanwhile, meatball sample T0
had exceeded the allowed threshold at a storage time of 36
hours, although the samples still lasted well up to 32 hours.
In the meatball sample T1 until 72-hour observation time,
the TPC value had exceeded the threshold
(5.16×105 CFU/g), while in the meatball with smoke powder
at the pyrolysis temperatures of 350°C (T2) and 400°C (T3),
the TPC value had not exceeded the threshold. *is is much
better than the results in meatballs using liquid smoke,
which only lasted up to 54 hours with a TPC value of
3.42×105 CFU/g [28]. *e results showed that the pyrolysis
temperature in the preparation of the smoke powder affected
the growth of the bacteria in the meatballs. By 76-hour
observation, the meatball samples were not suitable for
consumption because the TPC value had passed the allowed
limit. *e best condition in this study was achieved by the
sample with T3 smoke powder that, up to 72 hours of
storage, still had a TPC value below the threshold.

3.2. Total Volatile Base (TVB) Test. One of the indicators to
determine the damage to meatballs attributed to the enzyme
and bacterial activity is the total volatile base (TVB). Figure 2
presents the results of the TVB analysis on the meatball
samples. *e TVB value is lower in samples with higher
pyrolysis temperature in the preparation of the smoke
powder. *e maximum TVB value that is still suitable for
consumption is 0.20mgN/100 gr [31].

Figure 2 shows that the higher the pyrolysis temperature
of the smoke powder preparation, the lower the TVB value.
*e TVB value did not increase significantly until 28 hours
for meatballs coated with smoke powder, while in the
control sample (T0), the TVB increased after 12 hours. *e
initial observations on the control sample as well as the
samples coated with smoke powder T1, T2, and T3 showed
that the TVB values ranged from 0.008 to 0.011mgN/g. At 48
hours of storage, the meatball without the addition of smoke
powder (T0) already had a TVB value exceeding the max-
imum threshold of 0.210mgN/g, while the other samples
had not reached 0.1mgN/g yet.

During the 72 hours of observation, the meatballs still
had good freshness and their TVB had not reached
0.20mgN/g yet. By 72 hours of storage, meatballs coated
with smoke powder prepared at 300 and 350°C pyrolysis
temperatures have the TVB values exceeding the threshold,
namely, 0.241 and 0.213mgN/g. Meanwhile, meatballs
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coated with smoke powder with a pyrolysis temperature of
400°C still had good freshness up to 72 hours. Previous
studies showed that liquid smoke from durian husks could
maintain the freshness of fish up to 60 hours with variations
of liquid smoke concentration from 0.5 to 3% [17].
Meanwhile, the use of liquid smoke from palm kernel shells
at 3% concentration as a meatball preservative could
maintain the freshness up to 15 hours of immersion [32].
Another study by Ariestya et al. [33] using liquid smoke at
1.5% concentration to preserve tilapia meat showed that at 6
days of preservation, tilapia meat was still suitable for
consumption with a TVB value of 24.267mgN/g. *e in-
crease in TVB value is due to protein degradation that

produces enzymes. *ese enzymes are produced from
bacterial activity to break down proteins into amino acids
and short peptide bonds producing several bases such as
amines, ammonia, indole, and trimethylamine, which cause
foul odor [34]. *e longer the preservation, the more the
bacterial activity will produce a base that causes spoilage,
resulting in the increase of the TVB value [35].

3.3. Most Probable Number (MPN) Test of E. coli. *e re-
search results revealed that the total E. coli number in
meatballs treated with smoke powder seemed to be lower
than the number in meatballs not treated with smoke
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Figure 1: TPC test results on smoke powder-coated meatballs.
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powder (control). Smoke powder contained acid, carbonyl,
and phenolics compound [23]. Phenolics disrupt bacteria’s
cytoplasmic membranes and contribute to antibacterial and
antioxidant properties [36, 37].

According to the results presented in Table 1, the
number of E. coli varied depending on the length of storage
and the type of smoke powder sample used. At 40 h of
preservation, the control had the highest number of E. coli
(>1100MPN/g), whereas the meatballs with smoke powder
in samples T1, T2, and T3 reached a value of 1100MPN/g at
68 hours. According to SNI [29], the meatballs are no longer
suitable for consumption because they have exceeded the
maximum permissible microbial contamination level of
1× 105MPN/g. *ese findings indicated that the application
of smoke powder to themeatballs could inhibit the growth of
E. coli for a period of up to 68 hours after the meatballs were
prepared. After extended storage, the amount of coliform
has increased to more than 1100MPN/g.

3.4. Results of Organoleptic Tests

3.4.1. Aroma. Coating with smoke powder prepared at
different pyrolysis temperatures affected the changes in the
aroma of meatballs during storage. *e results of the ob-
servations are presented in Table 2.

Observations on the meatball aroma as presented in
Table 2 show that smoke powder with various pyrolysis

temperatures had different effects on the aroma changes of
the meatballs during storage time. Higher pyrolysis tem-
peratures could slow down the development of odors in
meatballs. *e aroma of meatballs without smoke powder
was still acceptable for 36 hours. *e meatballs in sample T1
had an acceptable aroma during a storage time of 60 hours,
while the aroma in samples T2 and T3 was still acceptable
during a storage time of 72 hours. After 76 hours of storage,
the meatballs began to emit an unpleasant aroma. Based on
the results of the LSD test, the differences in pyrolysis
temperature during the preparation of liquid smoke affected
the aroma of the meatballs during the storage.

3.4.2. Texture. Texture testing was carried out by examining
the meatballs texture by hand. *e results of texture ob-
servations in Table 3 show that the best meatball texture was
represented in sample T3, whose meat texture was still firm
during 72 hours of storage. Meanwhile, at 72 hours of
storage, both samples T1 and T2 started to soften, i.e.,
changed from a bit firm to soft. During storage time, the
texture values decreased, which was similar with earlier
research [38]. Meatballs without smoke powder (T0) could
only last well for 36 hours.

*e average texture of the meatballs began to change
after 48 hours of storage. *e decrease in the meatball
texture indicates the growth of microorganisms during
storage [39]. *e rotting of the meatballs is indicated by

Table 1: Test results for MPN E. coli.

Storage time (hr) Liquid smoke powder MPN/g Description

0

T0 120 Q
T1 0 Q
T2 0 Q
T3 0 Q

24

T0 1100 Q
T1 0 Q
T2 0 Q
T3 0 Q

48

T0 >1100 NQ
T1 43 Q
T2 38 Q
T3 23 Q

56
T1 160 Q
T2 120 Q
T3 120 Q

60
T1 290 Q
T2 220 Q
T3 150 Q

64
T1 460 Q
T2 290 Q
T3 240 Q

68
T1 1100 Q
T2 1100 Q
T3 1100 Q

72
T1 >1100 NQ
T2 >1100 NQ
T3 >1100 NQ

Q, qualified; NQ, not qualified.
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Table 2: *e aroma of meatballs coated with smoke powder of various pyrolysis temperatures.

Sample 0 h 12 h 24 h 36 h 48 h 60 h 68 h 72 h 76 h 80 h
T0 5± 0, 0A 5± 0, 0A 4, 9± 0, 2A 3, 9± 0, 3A 2, 3± 0, 3A 1, 6± 0, 0A 1, 3± 0, 3A 1± 0, 0A 1± 0, 0A 1± 0, 0A
T1 5± 0, 0A 5± 0, 0A 5± 0, 0A 5± 0, 0B 4, 1± 0, 2B 3, 4± 0, 5B 2, 5± 0, 5B 2± 0, 0B 1, 6± 0, 54A 1± 0, 0A
T2 5± 0, 0A 5± 0, 0A 5± 0, 0A 5± 0, 0B 4, 3± 0, 6B 3, 5± 0, 8B 3± 0, 0C 3± 0, 15C 2± 0, 04B 1± 0, 0A
T3 5± 0, 0A 5± 0, 0A 5± 0, 0A 5± 0, 0B 5± 0, 0C 4, 2± 0, 4C 3, 4± 0, 4C 3± 0, 06C 2± 0, 05B 1.2± 0.15A

1, very smelly; 2, smelly; 3, fairly smelly; 4, quite smelly; 5, not smelly. *e different superscript letters in the columns represent the actual differences with
α� 0.05.

Table 3: *e texture of meatballs coated with smoke powder of various pyrolysis temperatures.

Sample 0 h 12 h 24 h 36 h 48 h 60 h 68 h 72 h 76 h 80 h
T0 5± 0, 0A 5± 0, 0A 5± 0, 0A 5± 0, 0A 2.8± 0, 6A 2.1± 0, 2A 1.5± 0, 5A 1.1± 0, 0A 1± 0, 0A 1± 0, 0A
T1 5± 0, 0A 5± 0, 0A 5± 0, 0A 5± 0, 0A 4.0± 0, 0B 3.7± 0, 6B 3± 1, 0B 2.3± 0, 5B 1.4± 0, 5A 1.2± 0, 3A
T2 5± 0, 0A 5± 0, 0A 5± 0, 0A 5± 0, 0A 4.1± 0, 0B 3.6± 0, 5B 3.3± 0, 6B 3± 0, 1C 2.5± 0, 5B 1.6± 0, 5A
T3 5± 0, 0A 5± 0, 0A 5± 0, 0A 5± 0, 0A 4.7± 0, 5B 4.1± 0, 2C 3.6± 0, 5B 3.3± 0, 5C 2.6± 0, 6B 2± 0, 0B

1, squishy; 2, soft; 3, a bit firm; 4, quite firm 5, firm. *e different superscript letters in the columns represent the actual differences with α� 0.05.

Table 4: *e color of meatballs coated with smoke powder of various pyrolysis temperatures.

Sample 0 h 12 h 24 h 36 h 48 h 60 h 68 h 72 h 76 h 80 h
T0 5± 0, 0A 5± 0, 0A 5± 0, 0A 5± 0, 0A 5± 0, 0A 2, 3± 0, 6A 1, 8± 0, 3A 1, 8± 0, 4A 1, 8± 0, 3A 1, 7± 0, 2A
T1 5± 0, 0A 5± 0, 0A 5± 0, 0A 5± 0, 0A 5± 0, 0A 3, 7± 0, 6B 3± 1, 0B 2, 3± 0, 6B 2± 0, 0B 1, 9± 0, 1A
T2 5± 0, 0A 5± 0, 0A 5± 0, 0A 5± 0, 0A 5± 0, 0A 3, 7± 0, 6B 3, 7± 0, 6B 3± 0, 0C 2± 0, 0B 2± 0, 0B
T3 5± 0, 0A 5± 0, 0A 5± 0, 0A 5± 0, 0A 5± 0, 0A 4± 0, 1C 4± 0, 0C 3, 6± 0, 6C 3± 0, 0C 2, 3± 0, 6B

1, white; 2, greyish white; 3, pale grey; 4, grey; 5, dark grey. *e different superscript letters in the columns represent the actual differences with α� 0.05.

(a)

(b)

Figure 3: Continued.
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the smaller value of the texture observations. Rotting can
also be described as the breakdown of meatballs by mi-
croorganisms that destroy the structure into a very soft
and watery product [40]. From the results of the LSD test,
it was found that the differences in the pyrolysis tem-
perature during the preparation of liquid smoke had a
significant difference in the texture of the preserved
meatballs.

3.4.3. Color. *e results of color observations in Table 4
show that smoke powder affected the differences in the
color change of meatballs at each storage time. *e results
of color observations for samples with smoke powder
prepared at various pyrolysis temperatures showed the
same color at 0 to 36 hours of storage. *e treated sample
had a darker color than the control did. Table 4 shows that
the best lasting color is shown by the meatball sample
coated with smoke powder prepared at a pyrolysis tem-
perature of 400°C (T3), where the grey color of the
meatballs could last for 76 hours. At 80 hours, the meatball
color had changed. *e change of color with increasing
storage time can be seen in Figure 3. *e color change was
caused by oxidizing compounds (such as peroxides) or the
presence of H2S that the bacteria produced. *e one-way
ANOVA test showed a significant difference (α� 0.05) for
each treatment, while the LSD test also showed significantly
different results.

4. Conclusions

Smoke powder prepared from pyrolyzed rice husks has the
potential as an alternative preservative for meatballs. *e
results showed that the TPC and TVB values were within
the permissible limits up to 72 hours of storage, with the
TPC and TVB values being 6.87×104 CFU/g and
0.18mgN/g, respectively. *e LSD test showed that the
differences in pyrolysis temperature during the preparation
of liquid smoke before being converted to smoke powder
affected the characteristics of the smoke powder, which in
turn affected the aroma, texture, and color of the preserved
meatballs. *e results of the organoleptic test and MPN test
showed that the smoke powder-coated meatballs could last
up to 72 hours.

Data Availability

*e data used to support the findings of this study are in-
cluded within the article.

Conflicts of Interest

*e authors declare no conflicts of interest.

Acknowledgments

*e authors are grateful for the financial support provided
by Universitas Syiah Kuala (grant nos. 166/UN11/SPK/
PNBP/2021 and 141/UN11/SPK/PNBP/2022).

References

[1] S. Kailaku, M. Syakir, I. Mulyawanti, and A. Syah, “Anti-
microbial activity of coconut shell liquid smoke,” IOP Con-
ference Series: Materials Science and Engineering, vol. 206,
no. 1, Article ID 012050, 2017.

[2] W. A. Rizal, K. Nisa, R. Maryana et al., “Chemical compo-
sition of liquid smoke from coconut shell waste produced by
SME in Rongkop Gunungkidul,” IOP Conference Series: Earth
and Environmental Science, vol. 462, no. 1, Article ID 012057,
2020.

[3] F. Swastawati, T. W. Agustini, Y. S. Darmanto, and E. N. Dewi,
“Liquid smoke performance of lamtoro wood and corn cob,”
Journal of Coastal Development, vol. 10, no. 3, pp. 189–196,
2007.

[4] M. D. Guillén and M. J. Manzanos, “Smoke and liquid smoke.
study of an aqueous smoke flavouring from the aromatic plant
5ymus vulgaris L.” Journal of the Science of Food and Ag-
riculture, vol. 79, no. 10, pp. 1267–1274, 1999.

[5] A. R. Permanasari, A. Husna, R. K. Fuadah et al., “*e effect of
durian husk and coconut shell combination in the liquid
smoke generation: a review (2020),” in Proceedings of the
International Seminar of Science and Applied Technology
(ISSAT 2020), vol. 198, pp. 496–501, New York, NY, USA,
January 2020.

[6] J. M. Lingbeck, P. Cordero, C. A. O’Bryan, M. G. Johnson,
S. C. Ricke, and P. G. Crandall, “Functionality of liquid smoke
as an all-natural antimicrobial in food preservation,” Meat
Science, vol. 97, no. 2, pp. 197–206, 2014.

[7] I. K. Budaraga, E. Susanti, A. Asnurita, E. Nurdin, and
R. Ramaiyulis, “*e antioxidant characteristics of the liquid
smoke of cocoa shell (5eobroma cacao, L.) in different water

(c)

Figure 3: *e condition of tested samples at various storage times ((a) 0 h, (b) 24 h, and (c) 72 h).

6 Journal of Food Quality



content variations,” Journal of Applied Agricultural Science
and Technology, vol. 3, no. 2, pp. 226–238, 2019.

[8] J. Z. Lombok, B. Setiaji, W. Trisunaryanti, and K. Wijaya,
“Effect of pyrolisis temperature and distillation on character
of coconut shell liquid smoke,” Asian Journal of Science and
Technology, vol. 5, no. 6, pp. 320–325, 2014.
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