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Abstract

Background. Boesenbergia pandurata (L.) Mansf. Kulturpf belongs to the Zingiberaceae family and is a medi-
cinally valuable plant rich in flavanones, chalcones, and essential oils. These phytochemicals have been applied
as spices in foods and used to traditionally cure diseases such as diarrhoea, dermatitis, cough, and mouth ulcer.
Valuable biomass production of B. pandurata may be improved by culturing the plant in vitro. In order to intro-
duce the species into in vitro culture, initial explants from donor plants must be effectively disinfected, applying
an individually developed disinfection protocol, which is a complicated and often ineffective stage of initiation in
vitro cultures. Aim of the study. The aim of the study was to develop an effective disinfection method of B. pan-
durata explants for establishing in vitro cultures of this medicinal plant. Material and methods. In this study, B.
pandurata rhizomes were disinfected using (1) sodium hypochlorite (NaOCI) 70%, (2) mercuric chloride (HgCl,)
0.1%, and (3) thermo-assisted ultrasonication in various temperature and time treatment using water and hydrogen
peroxide solution. Result. Thermosonication improved the yield of sterile explants compared to the disinfection
process using sodium hypochlorite and mercuric chloride. The best result is that 0% of contamination observed
in explants occurred after disinfecting using ultrasonication at 50°C for 5 minutes using H,O, as the medium.
Conclusion. Thermosonication lowered the number of contaminations for B. pandurata in vitro culture initiation.
To our best knowledge, this is the first report on the implementation of thermo-assisted ultrasonication to surface
disinfect explants intended for in vitro cultures. (Farm Wspé6t 2023; 16: 3-11) doi: 10.53139/FW.20231602
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[5-8], anticancer [9-18], antioxidant [19-22], and other

Introduction

Among many medicinal plants in South-East
Asian countries, one plant with many names has been
regularly consumed to cure several diseases. It is the
Boesenbergia pandurata Roxb. Schlecht or Boesenbergia
rotunda (L.) Mansf. Kulturpf or Kaempferia rotunda
Roxb., commonly known as temu kunci (Indonesia
and Malaysia), krachai (Thailand), fingerroot, and
Chinese keys (international name). The pharmaco-
logical value of B. pandurata exists thanks to the
flavanones, flavones, chalcone, and essential oils
composition in the rhizome. Fingerroot has been
studied to have anti-inflammatory [1-4], antibacterial
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medical properties. As the demand for fingerroot has
been increasing each year, conventional breeding has
become inapplicable, and more effective and efficient
methods are needed [23].

Surface disinfection is the essential step of in vitro
culture initiation, as this method requires a contami-
nant-free condition. The surface sterilization process
reduces or removes the surface contaminants but does
not penetrate the plant tissue. Hence, endogenous
microorganisms are often not affected. The most used
chemical for explants’ surface disinfection is sodium
hypochlorite (NaClO) or other commercial bleaches.
Less than 5% of the active chemical in these solutions
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is hypochlorous acid (HOCI), a potent oxidizing agent
with antimicrobial activity [24]. Mercuric chloride
(HgCl,) is often used during surface disinfection tre-
atment for highly contaminated explants. The concen-
tration and exposure times vary depending on the type
and size of initial explants [24]. HgCl, can be used as
a sole sterilizing agent during the treatment or in com-
bination with alcohol (e.g., in the disinfection process
of Stahlianthus thorelii Gagnep [25]). Standard protocol
of surface disinfection usually includes ethanol 70%
treatment and NaClO 5-20% with surfactant addition
(e.g., Tween-20, Tween-80). Many variables should be
considered during this process, such as tissue type,
source, and plant species. Optimizing the concentra-
tion of disinfection agents, combinations of agents, or
explant’s time exposure is highly recommended [26].

Ultrasonication (i.e., frequencies between
18-100 kHz) possesses antimicrobial effects and a valu-
able role in food preservation [27]. Ultrasonication
could also preserve the products’ nutrition composi-
tion/phytochemicals, texture, aroma, and flavour [28].
The bactericidal effect of ultrasound happened due to
pressure changes that could disrupt the cellular struc-
tures of bacteria [29]. However, applying sonication
alone is ineffective in inactivating microorganisms,
especially spore-producing bacteria that are resistant
and require hours of ultrasonication. Simultaneous
application of ultrasound and temperature treatment
(sublethal or lethal temperature) could improve micro-
organism inactivation and reduce the sterilization
processes [29,30]. Higher temperatures would weaken
the intermolecular force, thus enhancing the disruption
by ultrasound [30]. Therefore, the food and beverage
industries nowadays rely on the thermosonication
method to prolong the shelving period and maintain
the products’ quality [28,31].

This paper tested and compared three surface
disinfection methods (NaOCI, HgCl,, and thermosoni-
cation) on fingerroot rhizome fragments for in vitro
culture initiation. To our best knowledge, this is the
first report on the thermo-assisted sonication method
to establish in vitro culture.

Material and method
Plant material and media

The rhizomes of Boesenbergia pandurata Roxb.
Schlecht were collected from a traditional market
in Depok, West Java, Indonesia, in September 2021.
The rhizomes were stored at 4°C until the time of the

experiment (5 months). Mature rhizomes of fingerroot
were chosen for the experiment.

Murashige and Skoog (MS) media consisted of
sucrose 30 g/L, agar 7.2 g/L, and the pH then adjusted
to 5.7-5.8 prior to autoclaving. The solidified MS media
were used as in vitro media after surface disinfection
from all tested methods. The surface disinfected
explants were then put in a controlled room with
a 16h/8h per day photoperiod and constant temperature
0f20+1°C. The explants were observed three weeks post
surface disinfection, and the contamination percentage
is calculated based on the following equation (1):

Disinfection method using sodium hypochlorite

Before performing surface disinfection in an
aseptic condition, the rhizomes were first washed and
brushed lightly under running water for 10 minutes.
The rhizomes were then rewashed for 5 minutes in
water with a few drops of Tween-20 (Sigma). After
washing with detergent, the rhizomes were rinsed once
in distilled water and brought into a sterile laminar
airflow cabinet for further processing.

Inside the cabinet, the rhizomes were immersed
in ethanol 70% for 30 seconds and surface disinfected
in commercial bleach 70% v/v added with a few drops
of Tween-80 (Sigma) for 15 minutes. Rinsing between
steps and on the last step (3 times and 5 minutes each
time) was performed with sterile distilled water. The
fingerroot rhizomes were then cut into smaller frag-
ments and put into solidified Murashige and Skoog
(MS) media. Twenty explants were used in a single
experiment, and the experiments were replicated two
times. Thus, in total, 40 explants were used in this
experiment.

Disinfection method using mercuric chloride

The pre-washing of fingerroot rhizomes was the
same as the previously mentioned process. In an aseptic
condition in a laminar airflow cabinet, the rhizomes
were first submerged in ethanol 70% for 30 seconds
and then rinsed once with distilled water. Mercuric
chloride (HgCl,, Chempur, PL) 0.1% was used at the
end of the disinfection process to cover the rhizomes
for 3 minutes. Finally, the rhizomes were rinsed three
times with sterile distilled water for 5 minutes each. The
fingerroot rhizomes were then fragmented and placed
in solidified MS medium. Thirty explants were used in
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a single experiment and replicated twice. Therefore,
60 explants were used in the experiment.

Disinfection method using thermosonication (water
and hydrogen peroxide)

In this study, two treatments were used and ana-
lyzed to see the decontamination effect of thermos-
assisted ultrasonication on fingerroot rhizome. Three
various temperatures were used (30°C, 40°C, and
50°C), and the rhizomes were treated in two types of
time treatment (5 minutes and 10 minutes). The first
thermosonification process was completed using sterile
distilled water as the medium. The second process was
completed using hydrogen peroxide (H,0,) with the
same temperature and time treatment variants.

The machine for ultrasonication with a heating
feature (POLSONIC, Polsonic Palczynski Sp. J., type
SONIC-3, PL) was cleaned with 70% ethanol, put into
the laminar airflow cabinet, and sterilized under UV
light. In the meantime, fingerroot rhizomes were pre-
washed identically to the methods described earlier.
Inside the cabinet, the explants were immersed in
ethanol 70% for 30 seconds and then rinsed with dis-
tilled water prior to the thermosonication process. The
POLSONIC ultrasonication machine was running on
40 kHz frequency, 2x160 Watts power, and on selected
temperatures (30°C, 40°C, and 50°C) for 5 minutes or
10 minutes, respectively. The fingerroot rhizomes were
then fragmented and placed in solidified MS medium;
ten explants were obtained for each treatment.

Microscopic observation of the contaminants

Contaminants were observed under Leica DM750
RH microscope using 40-100x magnification. Figures
were captured using Leica Application Suite version
3.1.0 (Leica Microsystems Limited, CH).

Result

One of the biggest obstacles to the effectiveness
of plant tissue culture is the contamination of in vitro
cultures from diverse sources. In order to obtain ini-
tial aseptic explants for in vitro experiments, surface
disinfection (or surface sterilization) is an essential
precondition. In this study, we evaluated the efficiency
of three different methods: chemical disinfection using
sodium hypochlorite (NaOCIl), mercuric chloride
(HgCl,), and thermos-assisted ultrasonication using
water and hydrogen peroxide (H,0,) on Boesenbergia
pandurata rhizome fragments.

Sodium hypochlorite (NaOClI) is a potent oxidizing
agent. Therefore, it is commonly used to sterilize tissue
culture explants. In this work, however, the surface
disinfection of fingerroot rhizomes with NaOCl yielded
disappointing results since all explants were contami-
nated with fungi or/and bacteria (Table 1). Additionally,
several other amounts of sodium hypochlorite were
tested, and the outcomes were comparable in each case
(data now shown). Nevertheless, no browning explants
were observed in this study. Surface disinfection of the
fingerroot rhizomes with mercuric chloride (HgCl,)
improved the contamination rate (Table IT). The fungal
contaminants produced by the explants were signifi-
cantly decreased by around 35-55% compared to the
disinfection process using NaOCl. However, necrotic
fragments were seen in the tissues following exposure
to the potent sterilant, negatively impacting the fin-
gerroot explants. Several contaminants that occurred
from both experiments were observed macroscopically
and microscopically, as shown in Table V and Figure 1.

Three contaminants were identified based on
macroscopic and microscopic observation (Figure 1).
Contaminant A had grey and raised filamentous
sporangia with a cottony appearance (Table VA). The

TableI. Contamination occurring after the surface disinfection process using NaOCl
Number of explants Contamination percentage Type of contaminations
Replication 1 20 100% Fungal contamination
L Fungal and bacterial
Replication 2 20 100% e
Table II.  Contaminants occurring after the surface disinfection process using HgCl, 0.1%
Number of explants Contamination percentage Type of contaminations
L Fungal and bacterial
Replication 1 30 43.3% COmETREem
L Fungal and bacterial
Replication 2 30 63.3% contamination
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Figure 1. Microscopic observation of several contaminants. Probable Rhizopus sp. (A), Streptomyces sp. (B), and
Aspergillus sp. (C) in 40x lens magnification [12.5 x 1.5 x 40]

Table ITI. Contaminants occurring after the disinfection process using thermal-assisted ultrasonication with
water medium

Time Number of Contamination
treatment explants percentage

Temperature

Type of contaminations

20% bacterial
5 minutes 10 80% contamination
30°C 60% fungal contamination
10 minutes 10 100% Fungal contamination
Replication 1 GG 5 minutes 10 80% Bacterial contamination
10 minutes 10 100% Bacterial contamination
5 minutes 10 100% Bacterial contamination
50°C : Bacterial and fungal
10 minutes 10 100% i
FE 5 minutes 10 100% Fungal contamination
10 minutes 10 100% Fungal contamination
60% bacterial
5 minutes 10 80% contamination
Replication 2 40°C 20% fungal contamination
10 minutes 10 100% Bacterial contamination
5 minutes 10 100% Bacterial contamination
50°C : Bacterial and fungal
10 minutes 10 100% i

Table IV. Contaminants occurring after the surface disinfection process using thermal-assisted ultrasonication
with H,0, medium

I EE LG tre-le;ltrrr':\z nt Nel:(n;: It:)—.\enrt: ! c?)gtr?:?rlirt‘:;leon co nt-;):r?i?\ :tf ions
SEEE 3 minutes 10 10% Bacterial contamination
5 minutes 10 0% -
G 3 minutes 10 70% Bacterial contamination
5 minutes 10 0% -
HEEE 3 minutes 10 50% Bacterial contamination
5 minutes 10 0% -
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Table V. Macroscopic observation of contaminants that occurred on fingerroot explants from non-
thermosonication surface disinfection methods

Contaminants Macroscopic observation
Elevation Margin
A Filamentous Raised Filiform Gray
B Circular Umbonate Undulate White
. . - Yellow, black,

C Filamentous Raised Filiform and white

D Circular Raised Filiform Green and white

E Filamentous Raised Filiform White

F Fillamentous Raised Filiform White and black
microscope’s observation helped identify the sporan- Zygomycetes, Rhizopus sp. Contaminant B had white
giophores, sporangium, and columella (Figure 1A). and circular with umbonate elevation and undulated

Thus, we concluded that the contaminant belongs to the margin (Table VB). Using 40x magnification, the con-
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taminant had filamentous with extensive branching.
The hypothesis for this contaminant from both obse-
rvations was Streptomyces sp. from Actinomycetes.
The third contaminant (Table VF; Figure 1C) had the
characteristics of Aspergillus sp. The microscopic visu-
alization showed the conidiophores and conidia head.
These microorganisms are commonly found in soil.

This study is the first attempt to use the thermal-
-assisted ultrasonication method to surface disinfected
fingerroot explants for in vitro purposes. Based on the
results, using sterilized water as a medium for thermo-
sonication was insufficient to obtain contaminant-free
explants. As shown in Table III, all temperature and
time-treatment variations had a significant contami-
nation rate. However, bacteria contamination took
precedence over fungal infection. In all temperature
variants, better results were obtained on thermoso-
nication using H,O, as the medium in five minutes
(Table IV). These results showed that using H,O, as
a medium improved the fungicidal and sporicidal
activities in the thermos-assisted sonication method,
compared disinfection process using sodium hypo-
chlorite and mercuric chloride.

Discussion

The production of B. pandurata biomass or other
medicinally valuable plants may be increased through
in vitro culture of the plant. Initial explants from donor
plants must be thoroughly cleaned using a developed
disinfection protocol. Nevertheless, these methods are
difficult to use and ineffective for introducing into in
vitro culture. Park et al. (2021) observed that NaOCI
was insufficient in controlling the contamination of
the Kaempferia parviflora Wall. Ex Baker cultures
[32]. A dual sterilization step using NaOCI was also
used by Seranath et al. (2017) to sterilize K. galanga
Linn explants prior to in vitro culture [33]. According
to Afendi et al. (2013), utilizing sodium hypochlorite
for surface disinfection in a single operation and doing
it twice yields a superior outcome [34]. They tried six
rhizomes’ surface sterilization methods using various
combinations and concentrations of NaClO, Tween-
20, and ethanol. They concluded that pre-dipping the
explant into a 95% ethanol solution, immersing in
20% (20 minutes) and 80% (10 minutes) NaOCI solu-
tions with Tween-20, and dipping into 70% ethanol
in between showed the minimum contamination and
visible shoot response [34]. Wong et al. (2013) enforced
vigorous stirring using a magnetic stirrer when the

fingerroot buds were immersed in 20% v/v NaOCl
for 20 minutes to improve the surface sterilization
process [35].

Surface disinfection with HgCl, has been demon-
strated to minimize the contamination in B. pandurata
rhizomes [23,36,37], as well as in other Zingiberaceae,
such as K. angustifolia [38], Alpinia conchigera, A.
galanga, Curcuma domestica, C. zedoaria, K. galanga
[39] and C. kwangsiensis [40]. Establishing an aseptic
fingerroot culture without using mercuric chloride
(HgCl,) is challenging and consumes much time. Park
etal. (2021) reported that in their preliminary results,
the surface disinfecting K. parviflora explants using
HgCl, yielded 65% sterile cultures, yet it also negatively
affected the organogenesis and viability of explants [32].

A combination of NaOCI and 0.5% HgCl, as
surface disinfecting agents for B. pandurata explants
were used by Tan et al. (2003), Yusuf et al. (2011), and
Yusuf et al. (2011a) [23,36,37]. The same approach
was also used in numerous in vitro protocols of the
Zingiberaceae family, such as Curcuma kwangsiensis
[40], Curcuma longa [41], and Kaempferia angustifolia
[38]. Unfortunately, this approach severely harms the
environment with mercury poisoning.

Results on the thermosonication method that we
obtained reflected a similar conclusion to the study by
Baldry [42] that hydrogen peroxide is a potent sporici-
dal yet has poor bactericidal activity. It is possible that
the H,O, only cellularly injured the bacteria to some
extent that it is repairable. Swartling and Lindgren
(1968) studied the early H,O, sporicidal effect on the
spore-forming bacteria Bacillus subtilis [43]. From their
study, increasing both H,O, concentration and tem-
perature significantly increased sporicidal properties.
However, a thorough investigation will be needed to
study the impact of high concentrations of H,0, and
high temperatures as surface disinfection protocol on
explants intended for in vitro culture.

As previously mentioned, thermosonication has
been widely used as a mechanic sterilant in the food
and beverage industries. Nicolau-Lapefia et al. (2022)
studied the effect of combined and non-combined
ultrasound with temperature in strawberry disin-
fection technology [44]. Their study indicated a 3.8
log reduction in the inoculated Listeria innocua in
strawberries with sonication 130 kHz and 55°C for
15 minutes. Furthermore, they observed that the
combination treatment did not affect food quality or
biochemical indicators except for minor colour and
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texture alterations. Based on these findings, thermo-
sonication seems to be a suiTable approach for surface
disinfecting plant explants for in vitro cultivation. As
a result, more research will be conducted to see if this
approach influences secondary metabolite synthesis
in in vitro plants.

Conclusion

Surface-disinfecting Boesenbergia pandurata
rhizomes have been a challenge. Using either sodium
hypochlorite or mercuric chloride was insufficient to
obtain sterile explants for in vitro cultures. Thermo-
assisted ultrasonication using sterile water to surface-
-disinfect the fingerroot explants was also insufficient.
However, when H,0O, was used as the solution media
in the thermosonication process, the number of sterile
explants was significantly increased. Further optimi-
zation on surface disinfection of plant explants using
the thermo-assisted sonication method is needed, for
instance, by optimizing the concentration of hydrogen
peroxide, optimizing the time and temperature treat-
ment, or using peracetic acid as a medium to improve
the bactericidal activities.

References

Acknowledgement

Anastasia Hermosaningtyas participates in the
Poznan University of Medical Science STER
Internationalization of Doctoral Schools Programs
of the NAWA Polish National Agency for Academic
Exchange No. PPI/STE/2020/1/0014/DEC/02.

Conflict of interest
None

Correspondence address

[=] Anastasia A. Hermosaningtyas

Laboratory of Pharmaceutical Biology and
Biotechnology, Department and Division of Practical
Cosmetology and Skin Disease Prophylaxis, Poznan
University of Medical Sciences

Collegium Pharmaceuticum

3 Rokietnicka St., 60-806, Poznan

@ (+48 61) 641 85 22
anastasia.hermosaningtyas@student.ump.edu.pl

1. Tuchinda P, Reutrakul V, Claeson P, et al. Anti-inflammatory cyclohexenyl chalcone derivatives in Boesenbergia pandurata. Phytochem.

~

10.

11.

12.

2002;59:169-73.

. Yun J-M, Kwon H, Hwang J-K. In vitro anti-inflammatory activity of panduratin A isolated from Kaempferia pandurata in RAW264 7

cells. Planta Med. 2003;69:1102-8.

. Tewtrakul S, Subhadhirasakul S, Karalai C, et al. Anti-inflammatory effects of compounds from Kaempferia parviflora and Boesenbergia

pandurata. Food Chem. 2009;115:534-8.

. Isa N, Abdelwahab S, Mohan S, et al. In vitro anti-inflammatory, cytotoxic and antioxidant activities of boesenbergin A, a chalcone

isolated from Boesenbergia rotunda (L.) (fingerroot). Braz ] Med Biol Res. 2012; 45:524-30.

. Hwang J-K, Chung J-Y, Baek N-1, et al. Isopanduratin A from Kaempferia pandurata as an active antibacterial agent against cariogenic

Streptococcus mutans. Int ] Antimicrob Agents. 2004;23:377-81.

. Park K-M, Choo J-H, Sohn J-H, et al. Antibacterial activity of panduratin A isolated from Kaempferia pandurata against Porphyromonas

gingivalis. Food Sci Biotechnol. 2005;14:286-9.

. Thongson C, Davidson PM, Mahakarnchanakul W, et al. Antimicrobial effect of Thai spices against Listeria monocytogenes and Salmonella

typhimurium DT104. ] Food Prot. 2005;68:2054-8.

. Limsuwan S, Voravuthikunchai SP. Bactericidal, bacteriolytic, and antibacterial virulence activities of Boesenbergia pandurata (Roxb)

Schltr extract against Streptococcus pyogenes. Trop ] Pharm Res. 2013;12:1023-8.

. Yun J-M, Kwon H, et al. Induction of apoptosis by panduratin A isolated from Kaempferia pandurata in human colon cancer HT-29 cells.

Planta Med. 2005;71:501-7.

Yun J-M, Kweon M-H, Kwon H, et al. Induction of apoptosis and cell cycle arrest by a chalcone panduratin A isolated from Kaempferia
pandurata in androgen-independent human prostate cancer cells PC3 and DU145. Carcinogenesis. 2006;27:1454-64.

Kirana C, Jones GP, Record IR, et al. Anticancer properties of panduratin A isolated from Boesenbergia pandurata (Zingiberaceae). ] Nat
Med. 2007;61:131-7.

Morikawa T, Funakoshi K, Ninomiya K, et al. Structure of new prenylchalcones and prenylflavanones with TNF-a and aminopeptidase
N inhibitory activities from Boesenbergia rotunda. Chem Pharm Bull. 2008;56:956-62.



FARMACJA WSPOECZESNA 2023; 16: 3-11

13.

14.

15

16.

17.

18.

19.

20.

21.

22.

23.

24.

25

27.
28.

29.

30.

31

33.

34.

35.

36.

37.

38.

39.
40.

41.

Isa NM, Abdul AB, Abdelwahab SI, et al. Boesenbergin A, a chalcone from Boesenbergia rotunda induces apoptosis via mitochondrial
dysregulation and cytochrome c release in A549 cells in vitro: Involvement of HSP70 and Bcl2/Bax signalling pathways. ] Funct Foods.
2013;5:87-97.

Nguyen NT, Nguyen MTT, Nguyen HX, et al. Constituents of the rhizomes of Boesenbergia pandurata and their antiausterity activities
against the PANC-1 human pancreatic cancer line. ] Nat Prod. 2007;80:141-8.

. Nguyen ST, Do NM, Tran DH-K, et al. Isopanduratin A isolated from Boesenbergia pandurata reduces HepG2 hepatocellular carcinoma

cell proliferation in both monolayer and three-dimensional cultures. Adv Exp Med Biol. 2020;1292:131-43.

Liu Q, Cao Y, Zhou P, et al. Panduratin A inhibits cell proliferation by inducing G0/G1 phase cell cycle arrest and induces apoptosis in
breast cancer cells. Biomol Ther. 2013;26:328.

Tanigaki R, Takahashi R, Nguyen MTT, et al. 4-Hydroxypanduratin A and isopanduratin A inhibit tumor necrosis factor a-stimulated
gene expression and the nuclear factor kB-dependent signaling pathway in human lung adenocarcinoma A549 cells. Biol Pharm Bull.
2019;42:26-33.

Rosdianto AM, Puspitasari IM, Lesmana R, et al. Inhibitory activity of Boesenbergia rotunda (L.) Mansf. rhizome towards the expression
of Akt and NF-KappaB p65 in acetic acid-induced Wistar rats. Evid Based Complement Alternat Med. 2020;694031.

Shindo K, Kato M, Kinoshita A, et al. Analysis of antioxidant activities contained in the Boesenbergia pandurata Schult. rhizome. Biosci
Biotechnol Biochem. 2006;70:2281-4.

Abdelwahab SI, Mohan S, Abdulla MA, et al. The methanolic extract of Boesenbergia rotunda (L.) Mansf. and its major compound
pinostrobin induces anti-ulcerogenic property in vivo: possible involvement of indirect antioxidant action. ] Ethnopharmacol. 2011;137:
963-70.

Jitvaropas R, Saenthaweesuk S, Somparn N, et al. Antioxidant, antimicrobial and wound healing activities of Boesenbergia rotunda. Nat
Prod Commun. 2012;7:1934578X1200700727.

Taechowisan T, Chaisaeng S, Phutdhawong WS. Antibacterial, antioxidant and anticancer activities of biphenyls from Streptomyces sp.
BO-07: an endophyte in Boesenbergia rotunda (L.) Mansf A. Food Agric Immunol. 2017;28:1330-46.

Yusuf NA, Annuar MS, Khalid N. Rapid micropropagation of Boesenbergia rotunda (L.) Mansf. Kulturpfl. (a valuable medicinal plant)
from shoot bud explants. Afr ] Biotechnol 2011;10:1194-9.

Leifert C, Ritchie JY, Waites WM. Contaminants of plant-tissue and cell cultures. World ] Microbiol Biotechnol. 1991;7:452-69.

. Van Yen D, LiJ. Effect of growth regulators on in vitro micropropagation of Stahlianthus thorelii Gagnep. Agriculture. 2022;12:1766.
26.

Volk GM, Bonnart R, Arajou de Oliveira AC, et al. Minimizing the deleterious effects of endophytes in plant shoot tip cryopreservation.
Appl Plant Sci. 2002;10:¢11489.

Piyasena P, Mohareb E, McKellar R. Inactivation of microbes using ultrasound: a review. Int ] Food Microbiol. 2003;87:207-16.

Ansari JA, Ismail M, Farid M. Investigation of the use of ultrasonication followed by heat for spore inactivation. Food Bioprod Process
2017;104:32-9.

Sala FJ, Burgos J, Condén S, et al. Effect of heat and ultrasound on microorganisms and enzymes. [In:] Gould GW (ed) New Methods of
Food Preservation. Springer, Boston, 1995.

Alzamora SM, Guerrero SN, Schenk M, et al. Inactivation of Microorganisms. [In:] Feng H, Barbosa-Canovas G, Weiss ] (eds) Ultrasound
Technologies for Food and Bioprocessing. Springer New York, 2011.

. Demirdéven A, Baysal T. The use of ultrasound and combined technologies in food preservation. Food Rev Int. 2008;25:1-11.
32.

Park H-Y, Kim K-S, Ak G, et al. Establishment of a rapid micropropagation system for Kaempferia parviflora wall. Ex Baker: Phytochemical
analysis of leaf extracts and evaluation of biological activities. Plants. 2011;10:698.

Senarath RMUS, Karunarathna BMAC, Senarath WTPSK, et al. In vitro propagation of Kaempferia galanga (Zingiberaceae) and
comparison of larvicidal activity and phytochemical identities of rhizomes of tissue cultured and naturally grown plants. ] Appl Biotechnol
Bioeng. 2017;2:1-6.

AfendiSA, Lee CT, Disfani MN, et al. A non mercuric shoots bud sterilization technique for Boesenbergia rotunda (L.) Mansf. Kulturpfl.
] Teknol. 2013;64(2).

Wong SM, Salim N, Harikrishna JA, et al. Highly efficient plant regeneration via somatic embryogenesis from cell suspension cultures
of Boesenbergia rotunda. Vitro Cell Dev Biol-Plant. 2013;49:665-73.

Tan S, Pippen R, Yusof R, et al. Simple one-medium formulation regeneration of fingerroot [Boesenbergia rotunda (L.) Mansf. Kulturpfl.]
via somatic embryogenesis. Vitro Cell Dev Biol-Plant. 2005;41:757-61.

Yusuf NA, Khalid N, Annuar MS. Efficient propagation of an important medicinal plant Boesenbergia rotunda by shoot derived callus.
] Med Plants Res. 2011;5:2629-36.

Haque SM, Ghosh B. Micropropagation of Kaempferia angustifolia Roscoe - an aromatic, essential oil yielding, underutilized medicinal
plant of Zingiberaceae family. ] Crop Sci Biotechnol. 2018;21:147-53.

Keng CL, Hing TW. In vitro propagation of Zingiberaceae species with medicinal properties. ] Plant Biotechnol. 2004;6:181-8.

Zhang S, Liu N, Sheng A, et al. In vitro plant regeneration from organogenic callus of Curcuma kwangsiensis Lindl.(Zingiberaceae). Plant
Growth Regul. 2011;64:141-5.

Islam M, Kloppstech K, Jacobsen H. Efficient procedure for in vitro microrhizome induction in Curcuma longa L.(Zingiberaceae)-a
medicinal plant of tropical Asia. Plant Tissue Cult. 2004;14:123-34.



FARMACJA WSPOECZESNA 2023; 16: 3-11

42. Baldry M. The bactericidal, fungicidal and sporicidal properties of hydrogen peroxide and peracetic acid. ] Appl Bacteriol. 1983;54:
417-23.

43. Swartling P, Lindgren B. The sterilizing effect against Bacillus subtilis spores of hydrogen peroxide at different temperatures and
concentrations. ] Dairy Res. 1968;35:423-8.

44. Nicolau-Lapena I, Aguilé-Aguayo I, Anguera M, et al. Exploring thermosonication as non-chemical disinfection technology for
strawberries. Eur Food Res Technol. 2022;248:671-83.



	Przycisk 2: 


