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Abstract

Galangal and ginger are commonly used as spices. Interestingly, their antimicrobial
activity has been reported against a wide array of microorganisms. This study aimed to
evaluate the effects of essential oils of galangal and ginger on the microbial growth,
physical characters, and preservation potential on tofu during 8-day storage at room
temperature. The essential oils were prepared by steam-and-water distillation method, and
their constituents were analyzed by Gas Chromatography-Mass Spectroscopy (GC-MS).
The microbial growth on the tofu was evaluated by the indirect enumeration method. The
physical characters of tofu were organoleptically observed. The preservation potentials
were calculated based on the changes in tofu physical characters relative to the negative
control. The main constituents of galangal essential oil were 1,8-cineole, B-farnesene, and
a-pinene, while those of ginger were geranyl acetate, 1,8-cineole, and camphene. Galangal
essential oil significantly inhibited microbial growth, maintained the texture of tofu until
day eight, and exerted preservation potential for four days. The same preservation effect
was shown by ginger essential oil at 6.26 mg/mL, however it generated a weaker
microbial growth inhibitory activity and resulted in the unfavorable texture on tofu.
Hence, galangal essential oil is a suitable candidate to be developed into a natural food
preservative.

1. Introduction

Galangal

(Alpinia

spice up protein-based savoury foods. Ginger is more

galanga (L)  Willd., Vversatile than galangal and commonly served as a

Zingiberaceae) has been long used for the traditional
management of various ailments (Silalahi and Nisyawati,
2018; Hookheaw and Neamsuvan, 2019). The
antimicrobial activity of galangal essential oil, among
other bioactivities, has been well-described (Hamad,
Alifah, Permadi et al., 2016; Karunarathne ef al., 2020;
Zhou et al., 2021). Similarly, the traditional uses of
ginger (Zingiber officinale Roscoe, Zingiberaceae) for
medicinal purposes were reported in Thailand and West
Java (Indonesia) (Phumthum and Balslev, 2020; Cita and
Waluyo, 2021). The antimicrobial activity of ginger's
essential oil was also prominently recorded (Abdullahi et
al., 2020; Al-Dhahli et al., 2020; Monteiro et al., 2021).

Both galangal and ginger are commonly used as
spices in Asian countries. They are commonly used to
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refreshing herbal drink (Das et al., 2020; Navia et al.,
2020; Antoniewicz et al., 2021). Hence, most of us are
familiar with their taste and aroma. The antimicrobial
activity and familiarity with the sensorial aspects of a
given herbal material contribute to the respective
preservation and acceptability effects, which are
essential for its development into a natural food
preservative.

In this study, the preservation potential of galangal
and ginger essential oils on the tofu was individually
evaluated. Tofu is a well-known plant-based protein
product that quickly deteriorates due to microbial
activity (Ribeiro et al., 2017). Specifically, the microbial
growth inhibitory activity on tofu by both essential oils
and the colour, odour, and texture of tofu in the course of
8-day storage at room temperature was determined.
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2. Materials and methods
2.1 Preparation of plant materials

The rhizomes of galangal and ginger were collected
from Bawang and Pratin, Indonesia, respectively. The
plants were authenticated in the Laboratory of Plant
Taxonomy, Jenderal Soedirman University, Purwokerto,
Indonesia, with the respective voucher reference of 137
and 140/FB.Unsoed/TaksTumbVI. The clean rhizomes
were longitudinally sliced in about 0.3 cm of thickness
and dried under the direct sun method for 40 hrs. The
dried rhizomes were further pulverized into fine powders
and kept in an airtight container until further use.

2.2 Isolation of essential oils

The essential oils of galangal and ginger were
isolated from the powdered rhizomes following a
previously reported by Hartanti ef al. (2018). In brief, the
plant materials were subjected to water and steam
distillation for the average running time of 6 hrs.

2.3 The essential oil chemical constituent analysis

The composition of galangal and ginger essential oils
was individually analyzed by Shimadzu QP2010 SE Gas
Chromatography-Mass Spectroscopy (GC-MS). The
separation was conducted over fused silica SH-Rxi-5Sil
MS column (30 m % 0.25 mm X 0.25 pm) with helium as
carrier gas at a flow rate of 1 mL/min. The temperature
of the injector and detector was 280 and 230°C,
respectively. A total of 1 puL of diluted essential oil (100
ppm in n-hexane) was injected, and the analysis was run
for 60 mins. The fragments of the constituents of the
essential oils were identified based on their similarity
with those available on the Wiley 9.0.1 mass spectral
database (Hamad, Djalil, Saputri ef al., 2020).

2.4 Preservation potential evaluation
2.4.1 Treatment on tofu

The firm white tofu was purchased from a local
market in Arcawinangun, Purwokerto. They were
prepared for the experiments and stored as detailed in a
previous report with modifications (Hamad, Ramadhan,
Dewi et al., 2020). In brief, the already-surface-cleaned
cubed tofu was immersed in the sterilized water
containing galangal and ginger essential oils at 0.25,
1.25, and 6.25 mg/mL. The tofu was further stored at
room temperature for eight days with an evaluation time
point of 2 days.

2.4.2 Microbial growth inhibitory activity analysis

The microbial growth on tofu during storage was
evaluated indirectly by the previously described optical
density (OD)-based enumeration method. At each
evaluation time point, the bacterial growth on the tofu
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was assessed by transferring a tofu cube into 25 mL of
sterile nutrient broth (NB) and gently stirring them for a
minute. One mL of suspension was transferred into 9 mL
of sterile NB and incubated at 37°C for 24 hrs. The
optical densities of cultured microbial suspension were
recorded with a Shimadzu A109349 UV-Vis
spectrophotometer at a wavelength of 600 nm (Hamad,
Ramadhan, Dewi et al., 2020). The OD-reduction of
each sample was calculated according to Equation 1.

(0D control—0D sample)
0D control

0D reduction (%) = 100 x (1)

2.4.3 Preservation potential analysis

The physical characters of tofu, such as the color,
odor, texture, and formation of slime, were subjectively
observed at each evaluation time point. The fresh tofu of
the same origin was used as the reference in each
observation. The preservation potential of galangal and
ginger essential oil was based on comparing the physical
character changes on tofu in the sample and control
groups as previously reported (Hamad, Ramadhan, Dewi
et al., 2020).

2.5 Statistical analysis

The effect of each essential oil concentration on the
OD of the cultured tofu and their OD reduction was
analyzed by one-way ANOVA. Mean comparison
between concentrations was conducted by Duncan's post
-hoc test. The difference was considered significant at a
p-value > 0.05. All the analyses were performed on the
IBM SPSS Statistic program ver. 20 (IBM, USA).

3. Results and discussion

There were nineteen compounds identified in
galangal essential oil, with 1,8-cineole, B-farnesene, a-
pinene, geranyl acetate, and 4-allylphenyl acetate as the
major constituents. Galangal essential oil has a higher
proportion of oxygenated compounds (69.41%) than that
of hydrocarbons (29.77%) (Table 1). The oxygenated
compounds showed a better antimicrobial potential over
the hydrocarbons. Hence, 1,8-cineole, geranyl acetate, 4-
allylphenyl acetate, and 3-phenylprop-2-enyl acetate
might be responsible for the antibacterial activity of
galangal essential oil. These result agreed with a report
on galangal essential oil from Chiang Mai (Thailand) and
Selangor (Malaysia), which mainly contained 1,8-cineole
(37.43% and 61.9%, respectively) (Abdullah et al., 2015;
Khumpirapang et al., 2018). However, constituents of
galangal essential oil are greatly varied according to the
sources of the distilled plant materials. Eucalyptol,
carotol, camphor, and Ilimonene were the major
compounds in galangal collected in Odisha, India, while
the oil collected earlier in Chiang Mai mainly contained
piperitenone, limonene, and pentadecane
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(Prakatthagomol ef al., 2011; Singh ef al., 2021).

Table 1. Chemical constituents of essential oils of galangal

Rt (min) Constituents Area (%)
12.934 a-Pinene 9.47
14.925 Sabinene 0.58
15.058 B-Pinene 1.72
15.919 B-Myrcene 0.69
17.972 1,8-Cineole 56.49
19.196 a-Terpinene 0.32
28.737 Bornyl acetate 0.95
31.038 4-Allylphenyl acetate 4.09
31.116 Citronellyl acetate 0.27
32.442 Geranyl acetate 4.33
32.988 Methyl eugenol 0.48
34.853 B-Farnesene 10.38
35.743 Calarene 0.26
36.11 Dodecane 3.38
36.47 a-Farnesene 1.05
37.031 Eugenol acetate 0.72
40.788 3-Phenylprop-2-enyl acetate 2.08
41312 7-Hexadecene 0.42
41.534 1-Tetradecene 1.5

Total area 99.18
Hydrocarbons 29.77
Oxygenated compounds 69.41

The detailed constituents of ginger essential oil used
for tofu preservation in this study have been reported
earlier (Hamad, Mentari, Djalil et al., 2016). In short, it
contained 14 compounds and mainly were oxygenated
compounds (60.42%), with some aldehydes as the
primary antimicrobial compounds. Geranyl acetate, 1,8-
cineole, camphene, geranial, and zingiberene were
identified as the main constituents. The oil in this study
contained similar major compounds as those of two
cultivars grown in Sikkim, India, which also mainly
constituted of geranyl acetate, zingiberene, and geranial
(Sasidharan et al., 2012). As in galangal essential oil,
however, the composition of ginger essential oils is also
widely varied across geographical regions. For example,
the ginger collected in Cairo, Egypt, primarily contained
curcumene and linalool. Ginger oil from China was
mainly characterized by zingiberene, phellandrene, and
curcumene, while that from Saudi was found to be rich
in curcumene, zingiberene, and bisabolene (Fahmi et al.,

2019; Al-Dhahli et al., 2020).

The concentration of galangal and ginger essential
oils significantly affected the OD of the cultured tofu (p
= 0.000). The OD in all groups was comparable on day
two and indicated no bacterial growth inhibitory activity
by all concentrations of galangal oil. The overall OD of
the cultured tofu treated with galangal essential oil
decreased on day four but gradually increased with time
until the final day of storage. Galangal essential oils at
the concentrations of 1.25 and 6.25 mg/mL showed a
significantly lower OD than the control, which indicated
their potential to reduce microbial growth on tofu. The
decreased OD of the cultured tofu was in a concentration
-dependent manner, in which a concentration of 6.25 mg/
mL generated statistically lowest OD than the lower
concentrations. On the other hand, the OD of tofu treated
with ginger essential oils in all concentrations were equal
to the control at day 2 and 4. On day six, the highest
concentration of ginger oil showed the microbial growth
inhibitory activity, and the same effect was also shown
by all tested concentrations on day 8 (Table 2).

The OD reduction relative to the negative control of
each essential oil was calculated to compare the
antimicrobial efficacy of galangal and ginger oil.
Galangal oil generally showed a better microbial growth
inhibitory activity over that of ginger. The most
prominent inhibitory activity by galangal essential oil
was mainly shown on days four and six when the
concentration-dependent antimicrobial activity was
observable (Figure 1).

The higher antimicrobial activity of galangal
essential oil over ginger was previously reported in
Purbalingga, Indonesia (Hamad, Mentari, Djalil et al.,
2016). The bactericidal effects of this oil have also been
demonstrated in  various food-borne  bacteria
(Prakatthagomol et al., 2011). The antibacterial effects of
galangal were mediated by the impairment of the outer
and inner membranes and coagulation cytoplasm, with
MIC on S. aureus was 0.325 mg/mL. The disrupted
intracellular physiological metabolism was reported to

Table 2. The profile of OD of cultured tofu during 8-day storage under ambiance temperature

Treatment group oD
Day 2 Day 4 Day 6 Day 8

Galangal negative control 0.570+0.049 0.318+0.042 0.499+0.033 0.679+0.024
Galangal 0.25 mg/mL 0.496+0.048 0.288+0.041 0.443+0.045 0.597+0.030
Galangal 1.25 mg/mL 0.491+0.011 0.187+0.036" 0.324+0.042° 0.461+0.049"
Galangal 6.25 mg/mL 0.500+0.027 0.016+0.001°  0.216+0.015"  0.416+0.028"
Ginger negative control 0.412+0.026 0.656+0.107 0.900+0.030 1.185+0.058
Ginger 0.25 mg/mL 0.486+0.010 0.670+0.167 0.854+0.033 1.096+0.098"
Ginger 1.25 mg/mL 0.424+0.000 0.648+0.133 0.871+£0.054 0.981+0.066"
Ginger 6.25 mg/mL 0.411+0.018 0.594+0.071 0.777+0.014" 1.085+0.028"

The asterisk represented a significantly lower OD compared to the respective negative control, evaluated by one-way ANOVA
and Duncan'’s test at p-value < 0.05
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Figure 1. The profile of OD reduction in tofu treated with various concentrations of galangal and ginger essential oils. Bars with
different notations are significantly different, evaluated by one-way ANOV A and Duncan’s test at p-value<0.05.

follow the morphological damage subsequently
(Oonmetta-aree et al., 2006; Zhou et al., 2021). A
commercial ginger essential oil from Indonesia showed a
weak antimicrobial activity against food-borne
pathogens, with the MIC value of 0.39-6.25% (Budiati et
al., 2018). However, China-originated ginger essential
oil exerted antibacterial activity against food-borne
Escherichia coli and Staphylococcus aureus by the
mechanism of disrupting the cell membrane (Wang et
al., 2020). A similar effect was also demonstrated by
ginger essential oil collected in Pahang, Malaysia, in
which the oil suppressed the growth of phytopathogens
at the concentration of 100 pl/mL (Abdullahi et al.,
2020).

The metabolic activity of the microorganisms broke
down the available macromolecules in tofu and caused
changes in taste, odor, and texture, as well as the
formation of slime on the surface (Wang et al., 2019).
The physical properties of the stored tofu are presented
in Table 3. Tofu in negative control started to show
changes on day 4, in which the off-odour and slime were
detected. They started to be friable on day 6. However,
the colour of the tofu maintained white until the final day
of storage. Tofu treated with galangal essential oil
developed a specific galangal aroma that was noticeable
since day 2. The galangal aroma on the tofu was stronger
with the increased concentration. The colour of tofu
remained white as those in the negative control. The off-
texture and slime in tofu started to be noticeable on day 6
in those treated with galangal essential oil in the
concentration of 0.25 mg/mL. However, both higher
concentrations could maintain tofu from off-texture and
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slime-free until the final day of storage.

As in galangal essential oil-treated tofu, the color of
tofu treated with ginger essential oil was not changed.
They were white at the beginning of the study and
remained unchanged until the final day of storage. The
use of ginger essential oil changed the fresh odor of tofu
to the aromatic scent of ginger, in which the higher
concentration generated a more pungent aroma. In the
lower and medium concentration ginger essential oil-
treated tofu, the off-odour was detected on day 8, while
the highest concentration managed to maintain the initial
aromatic odour in tofu until the final day of storage. The
use of ginger essential oil delayed the start of off-texture
in tofu, which was observable on days 6 and 8 in those
treated with oils at concentrations of 0.25 and 1.25 mg/
mL, respectively. Tofu treated with ginger oil at the
highest concentration remained firm until day 8. The
higher the ginger essential oil concentration, the longer
time was needed to observe the presence of slime on
tofu.

The preservation potential of essential oils was
calculated based on a comparison between a given
physical parameter change of a particular concentration
of the oil to that of the negative control. The galangal
essential oil in a 0.25 mg/mL concentration showed 2-
day slime-free-based preservation potential, while other
groups maintained it six days. All groups, however,
showed equal texture-based preservation potential of 4
days. On the other hand, the highest concentration of
ginger essential oil showed the best preservation
potential of tofu in all evaluated parameters. The equal
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Table 3. The physical characters of tofu during 8-day storage

31

Tofu treated Preservation time (day)
with Characters > 4 5 2
Color White White White White
. Odor Fresh tofu Off-odor Off-odor Off-odor
Sterile water . .
Texture Firm Firm Off-texture Off-texture
Slime No Yes Yes Yes
Color White White White White
Galangal 0.25 Odor Aromatic galangal Aromatic galangal Off-odor Off-odor
mg/mL Texture Firm Firm Off-texture Off-texture
Slime No No Yes Yes
Color White White White White
Galangal 1.25 Odor Aromatic galangal +  Aromatic galangal +  Aromatic galangal +  Aromatic galangal +
mg/mL Texture Firm Firm Firm Firm
Slime No No No No
Color White White White White
Galangal 6.25 Odor Aromatlirgalangal Aromat1f+galanga1 Aromat1+c+ga1angal AromatlJ(r: Ealangal
mg/mL Texture Firm Firm Firm Firm
Slime No No No No
Color White White White White
Ginger 0.25 Odor Aromatic ginger Aromatic ginger Aromatic ginger Off-odor
mg/mL Texture Firm Firm Off-texture Off-texture
Slime No Yes Yes Yes
Color White White White White
Ginger 1.25 Odor Aromatic ginger + Aromatic ginger + Aromatic ginger + Off-odor
mg/mL Texture Firm Firm Firm Off-texture
Slime No No No Yes
Color White White White White
Ginger 6.25 Odor Aromatic ginger ++ Aromatic ginger ++ Aromatic ginger ++ Aromatic ginger ++
mg/mL Texture Firm Firm Firm Firm
Slime No No No No

preservation potential of 6 days was shown by those at
1.25 and 6.25 mg/mL concentrations. The lowest
concentration of ginger EO did not show potential
preservation in terms of slime formation and texture but
could delay the start of off-odor for four days. When the
first change in any parameters was taken into accounts,
the best overall preservation potential was shown by the
galangal essential oils in the concentration of 1.25 and
6.25 mg/mL and ginger at a concentration of 6.25 mg/
mL (4 days), while the lowest concentration of both
essential oils did not show any preservation effects
(Figure 2).

Our result was in agreement with previously reported
data on the preservation effectiveness of galangal on the
various food matrix. Galangal water extracts at
concentrations of 10% reduced the bacterial count on
milkfish with smell, color, and texture liked by
consumers. Other studies mentioned that galangal juice
extended the shelf life of milkfish up to 46 hrs (Florensia
et al., 2012; Inayah and Bestari, 2018). In addition,
galangal juice at a concentration of 20% showed a

DOI

preservation effect and could reduce the use of formalin
without changing the sensorial aspects of white shrimp
under cold storage (Jannah et al., 2014). Also, galangal
was the most promising Thai spice screened for natural
food preservative, which exerted its preservation
potential via antimicrobial and antioxidant activities
(Wanangkarn et al., 2018).

——Galangal 1.25 and 6.25 mg/mL
and ginger 6.25 mg/mL
—Ginger 1.25 mg/mL

Ginger 0.25 mg/mL

—Galangal 0.25 mg/mL

Texture

Figure 2. The profile of preservation potential of galangal and
ginger essential oils

Ginger essential oil showed a weaker microbial
growth inhibitory activity but was still able to preserve
tofu. Other reports supported the positive effects of
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ginger essential oil on the preservation of various foods,
mainly when the study was set under refrigerated
conditions. Ginger oleoresin prolonged the shelf life of
the fresh sugarcane juice without any noticeable changes
in the microbial load and sensorial aspects after 35-day
refrigerated storage (Murthy et al., 2015; Ramachandran
et al., 2017). The encapsulated ginger oleoresin also
demonstrated similar effects on fresh milk (Krisanti et
al., 2017). The red ginger essential oil reduced the
viability of the inoculated bacteria and improved the
overall acceptance of the fortified fresh soft cheese
(Ahmed et al., 2021).

4. Conclusion

Our result suggested that galangal essential oil
significantly inhibited microbial growth and exerted
preservation potential on tofu for four days. Albeit
showed the same preservation potential; ginger essential
oil weakly inhibited microbial growth on tofu. The
microbial growth inhibitory activity and preservation
potential of both essential oils on tofu were likely related
to the high concentrations of oxygenated compounds.

Conflict of interest

The authors declare no conflict of interest.

Acknowledgments

The work was funded by Competitive Grant by the
Indonesian Ministry of Research, Technology and
Higher Education (Grant No. A.11-11I/344-S.Pj/LPPM/
V/2016). The authors expressed gratitude to Miss Intan
Nur Fadlilah and Muliastri Mentari for helping with the
experiments on microbial growth on tofu.

References

Abdullah, F., Subramanian, P., Ibrahim, H., Malek,
S.N.A., Lee, G.S. and Hong, S.L. (2015). Chemical
Composition, antifeedant, repellent, and toxicity
activities of the rhizomes of galangal, Alpinia
galanga against Asian subterranean termites,
Coptotermes gestroi and Coptotermes curvignathus
(Isoptera:  Rhinotermitidae). Journal of Insect
Science, 15(7), 1-7. https://doi.org/10.1093/jisesa/
ieul75

Abdullahi, A., Khairulmazmi, A., Yasmeen, S., Ismail,
S., Norhayu, A., Sulaiman, M.R., Ahmed, O.H. and
Ismail, M.R. (2020). Phytochemical profiling and
antimicrobial activity of ginger (Zingiber officinale)
essential oils against important phytopathogens.
Arabian Journal of Chemistry, 13(11), 8012-8025.
https://doi.org/10.1016/j.arabjc.2020.09.031

https://doi.org/10.26656/1r.2017.7(S1).7

Ahmed, L.I., Brahim, N., Abdel-Salam, A.B. and Fahim,
K.M. (2021). Potential application of ginger, clove
and thyme essential oils to improve soft cheese
microbial safety and sensory characteristics. Food
Bioscience, 42, 101177. https://doi.org/10.1016/
j-1b10.2021.101177

Al-Dhahli, A.S., Al-Hassani, F.A., Alarjani, K.M.,
Yehia, HM., Al-Lawati, W.M., Azmi, S.N.H. and
Khan, S.A. (2020). Essential oil from the rhizomes
of the Saudi and Chinese Zingiber officinale
cultivars: Comparison of chemical composition,
antibacterial and molecular docking studies. Journal
of King Saud University — Science, 32(8), 3343—
3350. https://doi.org/10.1016/].jksus.2020.09.020

Antoniewicz, J., Jakubczyk, K. and Gutowska, 1. (2021).
Ginger (Zingiber officinale) — A spice with
therapeutic properties. Medycyna Ogolna i Nauki o
Zdrowiu, 27(1), 40-44. https://doi.org/10.26444/
monz/134013

Budiati, T., Suryaningsih, W., Umaroh, S., Poerwanto,
B., Bakri, A. and Kurniawati, E. (2018).
Antimicrobial activity of essential oil from
Indonesian medicinal plants against food-borne
pathogens. [OP Conference Series: Earth and
Environmental Science, 207, 012036. https://
doi.org/10.1088/1755-1315/207/1/012036

Cita, K.D. and Waluyo, P. (2021). Ethnobotany of
medicinal plant used by Sundanese FEthnic at
Nyangkewok Hamlet, Kalaparea Village, Sukabumi
District. IOP Conference Series: FEarth and
Environmental Science, 733, 012032. https://
doi.org/10.1088/1755-1315/733/1/012032

Das, G., Patra, J.K., Gongalves, S., Romano, A.,
Gutiérrez-Grijalva, E.P., Heredia, J.B., Talukdar,
A.D., Shome, S. and Shin H.S. (2020). Galangal, the
multipotent super spices: A comprehensive review.
Trends in Food Science and Technology, 101, 50—
62. https://doi.org/10.1016/j.tifs.2020.04.032

Fahmi, A., Hassanen, N., Abdur-Rahman, M. and Shams
-Eldin, E. (2019). Phytochemicals, antioxidant
activity and hepatoprotective effect of ginger
(Zingiber officinale) on diethylnitrosamine toxicity
in rats. Biomarkers, 24(5), 436-447. https://
doi.org/10.1080/1354750X.2019.1606280

Florensia, S., Dewi, P. and Utami, N.R. (2012).
Pengaruh ekstrak lengkuas pada perendaman ikan
bandeng terhadap jumlah bakteri. Life Science, 1(2),
78-86. [In Bahasa Indonesia]

Hamad, A., Alifah, A., Permadi, A. and Hartanti, D.
(2016). Chemical constituents and antibacterial
activities of crude extract and essential oils of
Alpinia  galanga and  Zingiber  officinale.
International Food Research Journal, 23(2), 837—

© 2023 The Authors. Published by Rynnye Lyan Resources



Hamad et al. / Food Research 7 (Suppl. 1) (2023) 27 - 34 33

841.
ub.afssaae.2020.003.02.2

Hamad, A., Djalil, A.D., Saputri, E.Y., Yulianingsih, N.
and Hartanti, D. (2020). Bay leaf essential oils
inhibited microbial growth and exerted potential
preservation effects on tofu. Advances in Food
Science, Sustainable Agriculture and Agroindustrial
Engineering, 3(2), 46-52.

Hamad, A., Mentari, M., Djalil, A.D. and Hartanti, D.
(2016). Chemical constituents of ginger (Zingiber
officinale Roscoe) essential oil and its potency as
natural preservative on fresh chicken meat, presented
at International Food Conference, 2016. Surabaya,
Indonesia: Universitas Katolik Widya Mandala

Hamad, A., Ramadhan, M.B., Dewi, D.Y.S., Djalil, A.D.
and Hartanti, D. (2020). Preservation potential of
lemon basil essential oil on tofu: Development of a
natural food preservative. IOP Conference Series:
Materials Science and Engineering, 771, 012037.
https://doi.org/10.1088/1757-899X/771/1/012037

Hartanti, D., Haqqi, M.Z.U. and Hamad, A. (2018).
Potency of combination of essential oils of Ginger
and Lemongrass as fresh chicken meat natural

preservative. Advanced Science Letters, 24(1), 91—
94. https://doi.org/10.1166/as1.2018.11929

Hookheaw, S. and Neamsuvan, O. (2019).
Ethnopharmacology in treatment of hypertension
from Yala Provinces, Thailand. Srinakharinwirot
Science Journal, 36(1), 13-31.

Inayah, I. and Bestari, A.C. (2018). Efektivitas lengkuas
(Alpinia  galanga) dalam mengawetkan ikan

bandeng. Jurnal Sulolipu Media Komunikasi Sivitas
Akademika Dan Masyarakat, 18(1), 96—101. https://

https://doi.org/10.21776/

doi.org/10.32382/sulolipu.v18i1.726  [In  Bahasa
Indonesia]

Jannah, M., Ma’ruf, W.F. and Surti, T. (2014).
Efektivitas lengkuas (Alpinia galanga) sebagai

pereduksi kadar formalin pada udang putih (Penaeus
merguiensis) selama penyimpanan dingin. Jurnal
Pengolahan dan Bioteknologi Hasil Perikanan, 3(1),
70-79. [In Bahasa Indonesia]

Karunarathne, P.U.H.S., Thammitiyagodage, M.G. and
Weerakkody, N.S. (2020). Antibiofilm activity of
galangal (Alpinia galanga) against Staphylococcus
aureus. Food Processing and Nutritional Science, 1
(2), 123-131. https://doi.org/10.46619/Fpns.2020.1-
1011

Khumpirapang, N., Chaichit, S., Jiranusornkul, S.,
Pikulkaew, S., Miillertz, A. and Okonogi, S. (2018).
In vivo anesthetic effect and mechanism of action of
active compounds from Alpinia galanga oil on
Cyprinus carpio (koi carp). Aquaculture, 496, 176—

DOI

184.
j-aquaculture.2018.07.017

Krisanti, E., Astuty, R.M. and Mulia, K. (2017).
Microencapsulation of oleoresin from red ginger
(Zingiber officinale var. Rubrum) in chitosan and
alginate for fresh milk preservatives. AIP Conference
Proceedings, 1817, 030016. https://
doi.org/10.1063/1.4976785

Monteiro, P.C., Majolo, C., Chaves, F.C.M., Bizzo,
H.R., O’Sullivan, F.L.A. and Chagas, E.C. (2021).
Antimicrobial activity of essential oils from Lippia
sidoides, Ocimum  gratissimum and Zingiber
officinale against Aeromonas spp. Journal of
Essential QOil Research, 33(2), 152-161. https:/
doi.org/10.1080/10412905.2020.1848653

Murthy, P.S., Gautam, R. and Naik, J.P. (2015). Ginger
oleoresin chemical composition, bioactivity and
application as bio-preservatives. Journal of Food
Processing and Preservation, 39(6), 1905-1912.
https://doi.org/10.1111/jfpp.12428

Navia, Z.1., Audira, D., Afifah, N., Turnip, K., Nuraini
and Suwardi, A.B. (2020). Ethnobotanical
investigation of spice and condiment plants used by
the Taming tribe in Aceh, Indonesia. Biodiversitas,
21(10), 4467-4473. https://doi.org/10.13057/biodiv/
d211001

Oonmetta-aree, J., Suzuki, T., Gasaluck, P. and Eumke,
G. (2006). Antimicrobial properties and action of
galangal (Alpinia galanga Linn.) on Staphylococcus
aureus. LWT - Food Science and Technology, 39
(10), 1214-1220. https://doi.org/10.1016/
j1wt.2005.06.015

Phumthum, M. and Balslev, H. (2020). Using ICPC-2
standard to identify Thai Zingiberaceae of
pharmacological interest. Plants, 9(7), 906. https://
doi.org/10.3390/plants9070906

Prakatthagomol, W., Klayraung, S. and Okonogi, S.
(2011). Bactericidal action of Alpinia galanga
essential o0il on food-borne bacteria. Drug
Discoveries and Therapeutics, 5(2), 84-89. https://
doi.org/10.5582/ddt.2011.v5.2.84

Ramachandran, C., Rani, R.S., Lavanya, K., Nivetha, S.
and Usha, A. (2017). Optimization of shelf stability
of sugarcane juice with natural preservatives.
Journal of Food Processing and Preservation, 41(1),

e12868. https://doi.org/10.1111/jfpp.12868

Ribeiro, T.T.B.C., Costa, G. and Costa, M.D. (2017).
Microbial contamination in industrial tofu. Ciéncia
Rural, 47(3), €20160234. https://
doi.org/10.1590/0103-8478¢cr20160234

Sasidharan, 1., Venugopal, V.V. and Menon, A.N.
(2012). Essential oil composition of two unique

https://doi.org/10.1016/

© 2023 The Authors. Published by Rynnye Lyan Resources



34 Hamad et al. / Food Research 7 (Suppl. 1) (2023) 27 - 34

ginger (Zingiber officinale Roscoe) cultivars from
Sikkim. Natural Product Research, 26(19), 1759-
1764. https://
doi.org/10.1080/14786419.2011.571215

Silalahi, M. and Nisyawati. (2018). The ethnobotanical
study of edible and medicinal plants in the home
garden of Batak Karo sub-ethnic in North Sumatra,
Indonesia. Biodiversitas,19(1), 229-238. https://
doi.org/10.13057/biodiv/d190131

Singh, S., Sahoo, S., Ray, A., Sahoo, A., Nayak, S. and
Kar, B. (2021). Thermal desorption modulation
based detection of volatile constituents of Alpinia
galanga by two dimensional gas chromatography
and time of flight mass spectrometry. Natural
Product  Research, 35(3), 512-516. https:/
doi.org/10.1080/14786419.2019.1637866

Wanangkarn, A., Tan, F.J.,, Fongsawad, K. and
Tirasaros, M. (2018). Bioactivity screening of Thai
spice extracts for applying as natural food
preservatives. International Journal of Agricultural
Technology, 14(5), 783—796.

Wang, C., Du, Q., Yao, T., Dong, H., Wu, D., Qin, W.,
Raheem, D. and Zhang, Q. (2019). Spoilage bacteria
identification and food safety risk assessment of
whole soybean curd. Indian Journal of
Microbiology, 59(2), 250-253. https://
doi.org/10.1007/s12088-019-00778-1

Wang, X., Shen, Y., Thakur, K., Han, J., Zhang, J.-G.,
Hu, F. and Wei, Z.-J. (2020). Antibacterial activity
and mechanism of ginger essential oil against
Escherichia coli and Staphylococcus — aureus.
Molecules, 25(17), 3955. https://doi.org/10.3390/
molecules25173955

Zhou, C., Li, C., Siva, S., Cui, H. and Lin, L. (2021).
Chemical composition, antibacterial activity and
study of the interaction mechanisms of the main
compounds present in the Alpinia galanga rhizomes
essential oil. Industrial Crops and Products, 165,
113441. https://doi.org/10.1016/
j.indcrop.2021.113441

https://doi.org/10.26656/1r.2017.7(S1).7

© 2023 The Authors. Published by Rynnye Lyan Resources



