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Abstract

Macadamia nut is an important crop with high economic value. It is commonly dried and
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roasted into an instant crisp. Due to high oil content, the dry-roasted macadamia nut is
feasible to oil rancidity as well as microbial contamination. In order to improve the
economic value of macadamia nuts, it is very urgent to stabilise the quality of roasted
macadamia nuts during storage and distribution. Fingerroot (Boesenbergia sp.) belonging
to the Zingiberaceae family is one of the most important Vietnamese perennial medicinal
plants. Its rhizome contained numerous bioactive phytoconstituents like essential oils,
flavonoids, phenolics exhibiting diversified biological activities beneficial for human

health. This research evaluated the possibility of incorporation of fingerroot rhizome
extract powder (0-6%) into the dry-roasted macadamia nut to improve its chemical,
microbial and sensory properties during 12 months of storage. Results showed that 4.5%
of fingerroot rhizome extract powder could be supplemented into the dry-roasted
macadamia nut to reduce coliform load (1.2840.03 log CFU/g), peroxide value (0.78+0.02
meq/kg), thiobarbituric acid reactive substances (0.65+0.03 mg malonaldehyde/kg), free
fatty acid (0.76+0.02% oleic acid) while enhancing overall acceptance (8.24+0.17 score).
This research revealed that fingerroot rhizome extract would be a promising antimicrobial
and antioxidant natural source to preserve fatty foodstuffs efficiently.

Oil rancidity
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nuts is beneficial for those with cardiovascular ailments
(Garg et al., 2003; Amy et al., 2008).

1. Introduction

The macadamia tree (Macadamia sp.) is widely
cultivated in Central Highlands and other provinces in
the Southeast region of Vietnam (Figure 1). It is a
diversified tree with a great cultivation potential, a high
socio-economic efficiency with an open international
market. It could be propagated in remote and
mountainous areas as defending forests to improve the
forest coverage proportion and the ecological balance.
By planting this tree, the income of farmers is greatly
enhanced due to its high economic value compared to
other fruit trees and industrial plants. Macadamia nut is a
rich source of vitamins (especially tocotrienols and
squalene), essential minerals, dietary fibres, proteins,
phenolics with antioxidant capacities (Maguire et al.,
2004; Wall, 2010; Minh et al., 2018). Macadamia nut is
highly valued by its oil content with the high percentage
of monounsaturated fatty acids, especially omega-7
palmitoleic acid (Akhtar et al., 2006; Silva et al., 2008;
Saez et al., 2014). The oleic acid content is an important
indicator reflecting the attributes of macadamia nut
(Suporntip et al., 2012). Consumption of macadamia

Fingerroot (Boesenbergia sp.) belongs to the ginger
(Zingiberaceae) family widely cultivated in Vietnam and
other Asian countries (Figure 2). Its rhizome had several
slender and long tubers about 1.0-1.5 cm thick in
diameter and 5-10 ¢cm long (Tan et al., 2012). Fingerroot
rhizome varied pale yellow colour depending on the soil
in cultivation, cultivation technique and maturity at
harvesting (Iijima and Joh, 2014). Its rhizome is used as
folk medicine, culinary spice and seasoning vegetable

Figure 2. Fingerroot
(Boesenbergia sp.)

Figure 1. Macadamia nut
(Macadamia sp.)
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(Agus et al., 2014). Boesenbergia rhizome extract is an
important seasoning vegetable in preparation of “Nuoc
leo” rice noodle soup, a speciality of Khmer people in
the Mekong Delta. Boesenbergia rhizome extract
contained a high content of essential oils, flavonoids and
polyphenols contributing to multiple pharmacological
activities such as anti-fungal, anti-bacterial, anti-
parasitic, anti-ulceration, hepatoprotective, anti-cancer,
antioxidant, anti-anthelmintic, anti-inflammatory (Ling
et al., 2010; Abdelwahab et al., 2011; Isa et al., 2012;
Salama et al., 2013; Chahyadi et al., 2014; Chiang et al.,
2017; Yonna et al., 2018; Rosdianto et al., 2020). It is
utilised to cure stomach discomfort, aphthous ulcers,
dysentery, dry mouth, leucorrhoea (Fahmi et al., 2020).
Fingerroot is highly perishable with a short shelf-life
after harvesting. Dehydration into powder is the most
common practice to stabilise its quality for long-term
usage. Fingerroot powder could be utilised for different
purposes like soup, spice, food sanitiser, condiment,
confectionery, due to its aromatic flavour, which
promotes appetite (Fahmi et al., 2020). Isopanduratin A
originated from fingerroot is an ideal anti-bacterial agent
against cariogenic mutans (Tan et al., 2012), while
panduratin A effectively inhibits Escherichia coli and
Staphylococcus aureus (Rukayadi et al., 2010).

In order to improve the quality as well as the
economic value of the dry-roasted macadamia nut, the
purpose of this study was to verify the influence of
supplementation of fingerroot rhizome extract powder in
different proportions into the dry-roasted macadamia nut
to improve its chemical, microbial and sensory properties
during storage. Phytochemical constituents in fingerroot
rhizome extract would be effective to retard coliform
growth and proliferation, inhibit lipid oxidation, enhance
overall acceptance of the dry-roasted macadamia nut.

2. Materials and methods
2.1 Materials

Raw Boesenbergia sp. rhizomes were purchased
from Thu Duc market, Ho Chi Minh City, Vietnam. Raw
macadamia nuts were supplied from Dong Nai province,
Vietnam. They were washed under clean water to
remove dirt and foreign matter. Chemical reagents such
as phosphate buffer, acetic acid, chloroform, KI,
Na,S,03, thiobarbituric acid, trichloroacetic acid, and 4-
Butoxybenzyl alcohol, petroleum ether, ethanol,
phenolphthalein, NaOH were all analytical grade
supplied from Fluka (Switzerland), Sigma Aldrich
(USA) and Merck (Germany). 3M-Petrifilm coliform
count plates were purchased from Van Dai Phat Co. Ltd.,
Ho Chi Minh City, Vietnam.
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2.2 The preparation of roasted Macadamia nuts
incorporated with Boesenbergia powder

Raw Boesenbergia sp. rhizomes were finely ground
by a grinder. The fine powders (100 g) were soaked in
ethanol 90% (900 mL) for 20 mins at room temperature
at agitation speed 600 rpm. The filtrate was filtered using
Whatman No. 2 filter paper with a vacuum pump. The
filtrate was concentrated by a vacuum rotary evaporator
(RV 3V, IKA, Germany) at 45°C to obtain the
Boesenbergia crude extract. Maltodextrin 12% was
mixed with Boesenbergia crude extract. The freeze
dehydration was conducted by freeze dryer (model:
Coolsafe Superior XS/XL, Labogene, Denmark) with a
condenser temperature of -65°C, the pressure of 250
umHg for 28 hrs. The Boesenbergia powder (BP) was
kept in a laminated bag ready for experiments.

Raw macadamia nuts were convective-dried (model:
OF-01E/11E/21E, Lab Companion, Korea) at
temperature 45°C for 8 hrs, and then roasted at 145°C for
15 mins. The roasted macadamia nuts were cooled to
room temperature. The roasted macadamia nuts were
mixed with Boesenbergia powder in different
proportions (0, 1.5, 3.0, 4.5, and 6.0%). These roasted
macadamia nut samples previously incorporated by
Boesenbergia powder were stored in laminated PET/AL/
PE (Polyethylene Terephthalate/ Aluminium/
Polyethylene, supplied from Binh Minh Packaging Joint
Stock Company) bag for 12 months. Periodically (3
months), the treated samples were taken to determine
coliform, peroxide value, thiobarbituric acid reactive
substances content, free fatty acid content, and overall
acceptance.

2.3 Chemical, microbial and sensory evaluation

Peroxide value or PV (meq/kg) was estimated by
weighing 5 g of sample, adding 15 mL acetic acid and 10
mL chloroform, supplemented with 1 mL KI solution.
This mixture was kept in a dark place for 15 mins, and a
starch indicator is added. The final titration was defined
by adding 0.01 N Na,S,0; until colourless.

Thiobarbituric acid reactive substances or TBARS
content (mg malonaldehyde/kg) was determined
following the 2-thiobarbituric acid spectrophotometric
method (Anna et al., 2017). 5 g of sample was mixed
with thiobarbituric acid, trichloroacetic acid, and 4-
Butoxybenzyl alcohol. This mixture was conditioned in a
water bath at 45°C for 30 mins and then centrifuged
(Eppendorf Centrifuge 5920R, Sigma Aldrich, USA) at
4,000 rpm for 5 mins. The absorbance was measured by
UV-VIS spectrophotometer (model UV-1800, Shimadzu,
Japan) at wavelength 532 nm.

Free fatty acid (FFA) content (% oleic acid) was
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determined following the titration method described by
Calvo et al. (2017). Approximately 10 g sample was
homogenised with 100 mL of petroleum ether. The
mixture was filtered by Whatman paper No. 2 (Sigma
Aldrich, USA) to obtain the filtrate. A 10 mL filtrate was
taken to determine the residual fat. Another set of 10 mL
filtrate was mixed with 5 mL of ethanol. It was titrated
with NaOH 0.1 N in the presence of phenolphthalein
(1%) until a light pink appearance was achieved. The
FFA content was calculated from the following equation:

FFA (% oleic acid) = (v-b) X N x 28.2 /w

Where v was the volume of the titrant (mL),
b was the blank volume (mL), N was the normality of
NaOH and w was the weight of the sample (g)

Coliform (log CFU/g) was enumerated by 3M
Petrifilm coliform count plates. Approximately 5 g of the
sample was homogenised with 45 mL of phosphate
buffer dilution. Lifting the top film, 1 mL of sample
suspension was dispensed onto the centre of the bottom
film, leaving the top film down. The counting plates
were incubated at 37+1 °C for 2442 hrs in a horizontal
position in an incubator (model IF450, Memmert,
Germany). Coliform was identified by red or blue
colonies with associated gas bubbles. Coliform was well-
enumerated by using a standard colony counter (model
SC6Plus, Stuart, UK).

Overall acceptance (score) was determined by a
group of specialists using a 9-point Hedonic scale.
Panellists of 9 assessors (age 30-40 years old) were
previously trained (90 hours) to utilize a 9-point strength
ratio to evaluate sweetness, taste, flavour, and colour in
dry-roasted nuts. During the training, panellists were
individually evaluated to determine the overall panel
mean and to ensure that all panellists were able to scale
the properties of interest. Following training, panellists
discussed together an agreeing mark for each attribute of
the dry-roasted nuts, which were prepared directly from
dry-roasted nuts and were provided as a reference
sample. Panellists were provided samples in an ordinary
order to prevent prediction based on the order of sample
display. Three to five pickle pieces were set in each
sample cup. Panellists examined a set of 5 to 7 samples
per session. They were also offered two 2 oz. sample
cups specified as the neutral sample to calibrate scoring
of taste and texture characteristics on the 9-point scale.
Each panellist was guided to first taste the neutral
sample, neutralise the panellist’s palate, and bite an
unidentified roasted sample. Panellists were required to
relax in two-minute intervals between two samples to
minimize tasting tiredness. They could either swallow or
expectorate their samples. Three sensory replications
were executed on each sample during the research.
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Sensory evaluation was performed on dry-roasted
samples, which were preserved at room temperature
(Peryam and Girardot, 1952).

2.4 Statistical analysis

The experiments were run in triplicate with different
groups of samples. The data were presented as mean +
standard deviation. Statistical analysis is performed by
Statgraphics Centurion version XVI. The mean value (x)
and standard deviation (2s) of a set of data were obtained
by analysis of random samples estimating the population
statistics. Around 95% of results would be expected to
lie within the range (¥+2s) we described the lower and
upper bounds of this range as the 95% confidence limits
of the results. The differences between the pickling
samples were analysed using a one-way analysis of
variance (ANOVA). A significant value was set at a 95%
confidence interval (p<0.05). If significant differences
were found, then post hoc analysis was performed using
Duncan’s multiple range tests.

3. Results and discussion
3.1 Coliform

The effectiveness of Boesenbergia powder in
different incorporation ratios (0, 1.5, 3.0, 4.5, 6.0%) on
the coliform load of dry-roasted macadamia nut during
12 months of storage is presented in Table 1. There is an
increasing trend of coliform load by the time of storage,
with the highest accumulation on the control and the
lowest on the BP 6%. There is no significant difference
in coliform load between the BP 4.5% and BP 6.0%. At
the end of 12 months of storage, the coliform load in the
dry-roasted macadamia nut treated by BP 4.5% is quite
low, with 1.28+0.03 (log CFU/g). According to Southern
African Macadamia Growers’ Association (SAMAC),
coliform should be less than 300 CFU/g in macadamia
nuts. Meanwhile, the Brazilian Macadamia Association
(ABM) set the maximum limit of coliform at 350 CFU/g
in macadamia nuts.

In the study by Pattaratanawadee et al. (2006),
Boesenbergia revealed the highest inhibitory activity
against L. monocytogenes, B. cereus, and S. aureus with
minimum inhibitory concentration (MIC) value of 0.2—
0.4% (v/v); against Gram-negative bacteria with MIC
value of 8-10%. Boesenbergia at 10% (v/v) showed
bactericidal effect against E. coli population (log CFU/
mL) at 9 hrs. Boesenbergia extract showed antimicrobial
activity against Staphylococcus with MICsy of 0.5 pg/mL
and MICyyof 1 pug/mL, both comparable to vancomycin
(Rukayadi et al., 2009).

Giardia lamblia is a protozoan parasite causing
diarrhoea and nutrient deficiency in patients.

© 2022 The Authors. Published by Rynnye Lyan Resources
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Table 1. Coliform (log CFU/g) load on the dry-roasted macadamia nut incorporated by Boesenbergia powder (BP) in different

proportions (0, 1.5, 3.0, 4.5, 6.0%) during 12 months of storage

Storage (month) 0 3 6 9 12
BP 0% 0.1840.01*  1.59+0.04*  2.07+0.02*°  2.92+0.01°  3.71+0.02°
BP 1.5% 0.1840.01*  0.98+0.03°  1.43+£0.05°  1.84+0.03°  2.28+0.04°
BP 3.0% 0.18+0.01°  0.74+0.05*  1.01£0.01*  1.39+0.02%  1.89+0.01%
BP 4.5% 0.18+0.01*  0.40+0.01°  0.70£0.03°  1.03+0.04°  1.28+0.03°
BP 6.0% 0.1840.01*  0.36+£0.03°  0.65+0.02°  0.97+0.01°  1.23+0.02°

Values are presented as mean+SD of three replications. Values with different superscripts within the same column are

significantly different (»<0.05).

Boesenbergia extract showed an inhibitory concentration
ICsy value of 20 ng/mL against Giardia lamblia, while
metronidazole antibiotic showed an ICs, value of 0.48
pg/mL against Giardia lamblia (Sawangjaroen et al.,
2005). Gram-positive cocci like Enterococcus faecalis
and Enterococcus faecium were responsible for intestinal
and urinary infections. Boesenbergia extract showed
bactericidal effect against Enterococci at MIC of 2 pg/
mL lower than that of gentamycin (512 pg/mL),
erythromycin (256 pg/mL), ampicillin (256 pg/mL),
tetracycline (64 pg/mL) (Rukayadi et al., 2010).

Boesenbergia extract could retard spoilage fungi like
Aspergillus  flavus, Aspergillus niger, Aspergillus
parasiticus, and Fusarium oxysporum with MICs of
>10% (v/v), 8% (v/v), 10% (v/v), and <8% (V/v),
respectively  (Pattaratanawadee et al, 2000).
Boesenbergia rhizome extract showed high inhibition of
HIV-1 protease with ICsy values of 18.7 uM
(Cheenpracha et al., 2006). Essential oil of fingerroot
rhizome is effective against dermatophytes, filamentous
fungi and yeast (Jantan et al., 2001). Fingerroot rhizome
extract showed the capacity to modify the morphology of
the hyphae by disrupting the hard profile (Rasooli et al.,
2006). 0.5% of Boesenbergia rhizome extract revealed
anti-fungal properties against filamentous fungi of
Penicillium sp., Aspergillus sp., Geotrichum sp.,
Fusarium sp., Aureobasidium sp. after 10 min treatment
(Zakuan et al., 2018). Anti-fungal activity of fingerroot
rhizome extract is due to 4-hydroxypanduratin,
pinostrobin and pinocembrin (Seniya ef al., 2013). These
substances invade the cell membranes to the core of the
cell and modify the critical intercellular attributes
(Cristani et al.,, 2007). Cell disruption due to the
structural vulnerability of cell membranes is induced by

Table 2. Peroxide value (meq/kg) on the roasted macadamia
proportions (0, 1.5, 3.0, 4.5, 6.0%) during 12 months of storage

these substances; moreover, these substances interacted
with the hyphal cell wall of fungi and led to the demise
of the fungal mycelium (Gill and Holley, 2006).

3.2 Peroxide value

The efficacy of Boesenbergia powder in different
incorporation ratios (0, 1.5, 3.0, 4.5, and 6.0%) on the
peroxide value of the dry-roasted macadamia nut during
12 months of storage is presented in Table 2. There is an
increasing trend of peroxide value by the time of storage,
with the highest accumulation on the control and the
lowest on the BP 6%. There is no significant difference
in peroxide value between the BP 4.5% and BP 6.0%. At
the end of 12 months of storage, the peroxide value in
the dry-roasted macadamia nut treated with BP 4.5% is
quite low at 0.78+0.02 (meq/kg). According to the
Australian Macadamia Society (AMS), Southern African
Macadamia Growers’ Association (SAMAC) and
Brazilian Macadamia Association (ABM), the peroxide
value in macadamia nut should be <2 meq/kg, < 3 meq/
kg and < 5 meq/kg, respectively. Primary lipid oxidation
is followed by the peroxide value (Servet and Hudayi,
2011). The effectiveness of rancidity retardation by
Nepenthes extract is similar to other plant extracts. Green
tea extract strongly retarded the oxidative rancidity in eel
oil (Song and Kim, 2018). The peroxide value of
anchovy oil is kept at low content by green tea extract
(Kang et al., 2007). Basil leaf essential oil is effective in
limiting peroxide value in Sea bass slices (Arfat et al.,
2015). Pomegranate peel extract is also appropriated for
Nile tilapia fillets to slow down peroxide value (Alsaggaf
et al, 2017). Eryngium caucasicum extract is a
beneficial substance to decrease peroxide value in Silver
carp fillets (Raeisi et al., 2017). Boesenbergia thizome

nut incorporated by Boesenbergia powder (BP) in different

Storage (month) 0 3 6 9 12
BP 0% 0.1140.02*  1.05+£0.01°  1.56+0.03*  1.99+0.04°  2.74+0.03°
BP 1.5% 0.11£0.02*  0.63+0.02°  0.85+0.01°  1.05+0.02°  1.29+0.01°
BP 3.0% 0.11£0.02*  0.49+0.04™  0.61+0.03*  0.83+0.01™  1.02+0.04*
BP 4.5% 0.11£0.02*  0.25+0.03°  0.43+0.02°  0.64+0.03°  0.78+0.02°
BP 6.0% 0.11£0.02*  0.24+0.02°  0.41£0.04°  0.60+0.02°  0.76+0.03°

Values are presented as mean+tSD of three replications. Values with different superscripts within the same column are

significantly different (p<0.05).
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extract revealed two powerful lipid peroxidation
inhibitors, (—)-panduratin A (ICsyp 15 pM) and (-)-4-
hydroxypanduratin A (ICso 4.5 puM) (Shindo et al.,
2006).

3.3 Thiobarbituric acid reactive substances

Different supplementation ratios of Boesenbergia
powder (0, 1.5, 3.0, 4.5, and 6.0%) on TBARS of the dry
-roasted macadamia nut during 12 months of storage
were shown in Table 3. There is an increasing trend of
TBARS by the time of storage, with the highest
accumulation on the control and the lowest on the BP
6%. There is no significant difference in TBARS
between the BP 4.5% and BP 6.0%. At the end of 12
months of storage, the TBARS in the dry-roasted
macadamia nut treated with BP 4.5% is quite low, with
0.65+0.03 (mg malonaldehyde/kg). This TBARS value is
in the range of the acceptable limit (2 mg
malonaldehyde/kg).  Thiobarbituric  acid  reactive
substances (TBARS) are also one of the most important
indicators to determine the oxidative rancidity of
polyunsaturated fatty acids via the formation of
malonaldehyde facilitating to release of ketones and
aldehydes by peroxidase reaction (Bremner, 2002;
Feliciano et al., 2010). TBARS should be below 2 mg
malonaldehyde/kg sample to avoid bad smell and poor
taste accumulation (Connell, 1990). Panduratin A in
Boesenbergia thizome extract showed a protective effect
against oxidative vulnerability by tert-
Butylhydroperoxide. Tert-Butylhydroperoxide is an
organic hydroperoxidant that triggers fat rancidity
through its metabolism to free-radical intermediates,
leading to oxidative vulnerability to tissues. Panduratin
A in Boesenbergia rhizome extract could minimise

398
malondialdehyde  accumulation and  glutathione
depletion. Intracellular reactive oxygen species

accumulation is also decreased by panduratin A
treatment (Sohn ef al., 2005).

3.4 Free fatty acids

Various proportions of Boesenbergia powder (0, 1.5,
3.0, 4.5, and 6.0%) incorporated into the dry-roasted
macadamia nut during 12 months of storage on free fatty
acid content were noticed in Table 4. There is an
increasing trend of free fatty acid value by the time of
storage, with the highest accumulation on the control and
the lowest on the BP 6%. There is no significant
difference in free fatty acid value between the BP 4.5%
and BP 6.0%. At the end of 12 months of storage, the
free fatty acid value in the dry-roasted macadamia nut
treated with BP 4.5% is quite low, with 0.76+£0.02 (%
oleic acid). Panduratin A in Boesenbergia rhizome
extract is a natural AMP-activated protein kinase
(AMPK) activator. The trigger of AMPK would
accelerate fatty acid oxidation by triggering fatty acid
oxidation-related genes. This behaviour would retard fat
synthesis by elimination of sterol regulatory element-
binding  protein-lc ~ (SREBP-1c) and  PPARy
phosphorylation. Panduratin A in Boesenbergia rhizome
extract would facilitate AMPK signalling to induce
nuclear translocation of AMPKa2, following the
activation of PPARa/S, with LKB1 being the vital
mediator of these effects. Trigger of PPAR0/d enhanced
fatty acid oxidation (Kim et al., 2011).

3.5 Overall acceptance (score)

Overall acceptance of the dry-roasted macadamia nut
incorporated by Boesenbergia powder (0, 1.5, 3.0, 4.5,

Table 3. TBARS (mg malonaldehyde/kg) on the roasted macadamia nut incorporated by Boesenbergia powder (BP) in different

proportions (0, 1.5, 3.0, 4.5, 6.0%) during 12 months of storage

Storage (month) 0 3 6 9 12
BP 0% 0.08+0.00*°  1.14+0.02°  1.71£0.03*  2.42+0.01°  2.96+0.02°
BP 1.5% 0.08+0.00*°  0.56+0.04°  0.83+0.04°  0.98+0.03°  1.13+0.04°
BP 3.0% 0.08£0.00°  0.39+0.03™  0.60+0.01*°  0.73+0.02>  0.91+0.01*
BP 4.5% 0.08+0.00*  0.18+0.01°  0.35+0.03°  0.49+0.01°  0.65+0.03°
BP 6.0% 0.08+0.00°  0.16+£0.03°  0.31£0.02°  0.47+0.03°  0.62+0.01°

Values are presented as mean+SD of three replications. Values with different superscripts within the same column are

significantly different (»p<0.05).

Table 4. FFA (% oleic acid) on the roasted macadamia nut incorporated by Boesenbergia powder (BP) in different proportions

(0, 1.5, 3.0, 4.5, 6.0%) during 12 months of storage

Storage (month) 0 3 6 9 12
BP 0% 0.26+0.03*  1.53+0.01°  1.98+0.04*  2.67+0.02°  3.32+0.03°
BP 1.5% 0.26+0.03*  0.98+0.03°  1.13£0.02°  1.25+0.04°  1.46+0.02°
BP 3.0% 0.26+0.03*  0.72+0.01°  0.88+0.03*  0.90+0.01%  1.02+0.03*
BP 4.5% 0.26£0.03*  0.43£0.00°  0.49+0.02°  0.63+0.03°  0.76+0.02°
BP 6.0% 0.26£0.03*  0.39+0.02°  0.4620.01°  0.61£0.02°  0.73+0.03°

Values are presented as meantSD of three replications. Values with different superscripts within the same column are

significantly different (»<0.05).
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Table 5. Overall acceptance (sensory score) on the roasted macadamia nut incorporated by Boesenbergia powder (BP) in
different proportions (0, 1.5, 3.0, 4.5, 6.0%) during 12 months of storage

Storage (month) 0 3 6 9 12
BP 0% 8.71£0.19*  8.12+0.14°  7.96+0.15°  7.7120.15°  7.57+0.14°
BP 1.5% 8.71+0.19°  8.30+0.17%  8.15+0.13%  8.06+0.16*  7.93+0.15"
BP 3.0% 8.71£0.19°  8.44+0.18"  8.31+0.17°  8.23+0.14°  8.10+0.13°
BP 4.5% 8.71+0.19°  8.58+0.13®®  8.43+0.12%  8.35+0.14"  8.24+0.17%
BP 6.0% 8.71£0.19°  8.64+0.15°  8.51+0.18°  8.42+0.16  8.31+0.13°

Values are presented as mean+tSD of three replications. Values with different superscripts within the same column are

significantly different (p<0.05).

and 6.0%) during 12 months of storage was reported in
Table 5. There is a decreasing trend of the sensory score
by the time of storage, with the lowest score on the
control and the highest on the BP 6%. There is no
significant difference in sensory score between the BP
4.5% and BP 6.0%. At the end of 12 months of storage,
the sensory score in the dry-roasted macadamia nut
treated with BP 4.5% is very high, with 8.2440.17
(score). Fingerroot extract showed a higher polyphenol
content, ascorbic acid content, DPPH radical scavenging
activity, and ABTS radical scavenging activity than those
in ginger extract (Lee et al., 2020).

4. Conclusion

Fingerroot rhizome is normally utilised as food
seasoning and ethnomedicine. Boesenbergia sp. revealed
a wide range of biological properties. This research has
successfully investigated the influence of different ratios
of fingerroot rhizome extract powder incorporated into
the dry-roasted macadamia nut on its chemical, microbial
and sensory attributes during preservation. Results
revealed that 4.5% of fingerroot rhizome extract powder
is sufficient to retard coliform proliferation, limit the
formation of the peroxide value, thiobarbituric acid
reactive substances, free fatty acid and maintain the
overall acceptance of the dry-roasted macadamia nut for
12 months of storage.

Conflict of interest

The author strongly confirms that this research is
conducted with no conflict of interest.

Acknowledgements
We acknowledge the financial support for the

publication provided by Thu Dau Mot University,
Vietnam.

References

Abdelwahab, S.I., Mohan, S., Abdulla, M.A., Sukari,
M.A., Abdul, A.B., Taha, M.M., Syam, S., Ahmad,
S. and Lee, K.H. (2011). The methanolic extract of
Boesenbergia rotunda (L.) Mansf. and its major

eISSN: 2550-2166

compound pinostrobin induces anti-ulcerogenic
property in vivo: possible involvement of indirect
antioxidant action. Journal of Ethnopharmacology,
137(2), 963-70. https://doi.org/10.1016/
jJjep-2011.07.010

Agus, C., Rika, H., Komar, R. and Elfahmi, W. (2014).
Boesenbergia pandurata Roxb., An Indonesian
medicinal plant: Phytochemistry, biological activity,
plant biotechnology. Procedia Chemistry, 13, 13-37.
https://doi.org/10.1016/j.proche.2014.12.003

Akhtar, N., Ahmad, M., Madni, A. and Bakhsh, M.S.
(2006). Evaluation of basic properties of macadamia
nut oil. Gomal University Journal of Research, 22,
21-27.

Alsaggaf, M.S., Moussa, S.H. and Tayel, A.A. (2017).
Application of fungal chitosan incorporated with
pomegranate peel extract as edible coating for
microbiological, chemical and sensorial quality
enhancement of Nile tilapia fillets. International
Journal of Biological Macromolecules, 99(6), 499—
505. https://doi.org/10.1016/j.ijbiomac.2017.03.017

Amy, E.G., Yumei, C., Deborah, D.B., Amy,
M.C., Bruce, H. and Penny, M.K.E. (2008). A
macadamia nut-rich diet reduces total and LDL-
cholesterol in mildly hypercholesterolemic men and
women. The Journal of Nutrition, 138(4), 761-767.
https://doi.org/10.1093/jn/138.4.761

Anna, R., Monika, S., Jozef, N., Slavomir, M., Boris, S.,
Milan, C. and Tatiana, K. (2017). Lipid peroxidation
process in meat and meat products: a comparison
study of malondialdehyde determination between
modified 2-thiobarbituric acid spectrophotometric
method and reverse-phase high-performance liquid
chromatography. Molecules, 22(11), 1988. https://
doi.org/10.3390/molecules22111988

Arfat, Y.A., Benjakul, S., Vongkamjan, K., Sumpavapol,
P. and Yarnpakdee, S. (2015). Shelf-life extension of
refrigerated sea bass slices wrapped with fish protein
isolate/fish skin gelatin-ZnO nanocomposite film
incorporated with basil leaf essential oil. Journal of
Food Science and Technology, 52(1), 6182—6193.
https://doi.org/10.1007/s13197-014-1706-y

Bremner, H.A. (2002). Safety and quality issues in fish

© 2022 The Authors. Published by Rynnye Lyan Resources


http://doi.or.kr/10.PSN/ADPER0000291273
https://doi.org/10.1016/j.jep.2011.07.010
https://doi.org/10.1016/j.jep.2011.07.010
https://doi.org/10.1016/j.ijbiomac.2017.03.017
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
https://dx.doi.org/10.3390%2Fmolecules22111988
https://doi.org/10.1007/s13197-014-1706-y

Minh / Food Research 6 (5) (2022) 394 - 402

processing. Cambridge, United Kingdom: Woodhead
Publishing. https://doi.org/10.1533/9781855736788

Calvo, L., Segura, J., Toldra, F., Flores, M., Rodriguez,
A.L, Lopez-Bote, C.J. and Rey, A.L. (2017). Meat
quality, free fatty acid concentration, and oxidative
stability of pork from animals fed diets containing
different sources of selenium. Food Science and
Technology International, 23(8), 716-728. https://
doi.org/10.1177/1082013217718964

Chahyadi, A., Hartati, R., Wirasutisnaa, K. and Elfahmi,
R. (2014). Boesenbergia pandurata. Roxb., an
Indonesian  medicinal plant:  phytochemistry,
biological activity, plant biotechnology. Procedia
Chemistry, 13, 13-37. https://doi.org/10.1016/
j-proche.2014.12.003

Cheenpracha, S., Karalai, C., Ponglimanont, C.,
Subhadhirasakul, S. and Tewtrakul, S. (2006). Anti-
HIV-1 protease activity of compounds from
Boesenbergia pandurata. Bioorganic and Medicinal
Chemistry, 14(6), 1710-1714. https://
doi.org/10.1016/j.bmec.2005.10.019

Chiang, M., Kurmoo, Y. and Khoo, T.J. (2017).
Chemical-and cell-based antioxidant capacity of
methanolic extracts of three commonly edible plants
from  Zingiberaceae  family. Free  Radical
Antioxidant, 7, 57-62. https://doi.org/10.5530/
fra.2017.1.9

Connell, J.J. (1990). Control of fish quality. 3rd ed.
Oxford, United Kingdom: Fishing News Books.

Cristani, M., D’Arrigo, M., Mandalari, G., Castelli, F.,
Sarpietro, M. G., Micieli, D., Venuti, V., Bisignano,
G., Saija, A. and Trombetta, D. (2007). Interaction of
four monoterpenes contained in essential oils with
model membranes: implications for their anti-
bacterial activity. Journal of Agricultural and Food
Chemistry, 55(15), 6300-6308. https://
doi.org/10.1021/5f070094x

Fahmi, L.F., Rabiha, S. and Yaya, S. (2020). Effect of
drying methods on physicochemical characteristics
of Boesenbergia rotunda (L.) mansf. powder.

International Journal of Advanced Science and
Technology, 29(6), 3952-3962.

Feliciano, L., Lee, J., Lopes, J.A. and Pascall, M.A.
(2010). Efficacy of sanitised ice in reducing bacterial
load on fish fillet and in the water collected from the
melted ice. Journal of Food Science, 75(4), 231-238.
https://doi.org/10.1111/5.1750-3841.2010.01583.x

Garg, M.L., Blake, R.J. and Wills, R.B.H. (2003).
Macadamia nut consumption lowers plasma total and
LDL cholesterol levels in hypercholesterolemic men.
The Journal of Nutrition, 133(4), 1060-1063. http://
dx.doi.org/10.1093/jn/133.4.1060

eISSN: 2550-2166

400

Gill, A.O. and Holley, R.A. (2006). Disruption of
Escherichia coli, Listeria monocytogenes and
Lactobacillus sakei cellular membranes by plant oil
aromatics.  International  Journal of Food
Microbiology 108(1), 1-9. https://doi.org/10.1016/
j-ijfoodmicro.2005.10.009

lijima, Y. and Joh, A. (2014). Pigment composition
responsible for the pale-yellow colour of ginger
(Zingiber officinale) rhizomes. Food Science and
Technology Research, 20(5), 971-978. https:/
doi.org/10.3136/fstr.20.971

Isa, N., Abdelwahab, S., Mohan, S., Abdul, A., Sukari,
M., Taha, M., Syam, S., Narrima, P., Cheah, S.C.,
Ahmad, S. and Mustafa, M.R. (2012). In vitro anti-
inflammatory, cytotoxic and antioxidant activities of
boesenbergin A, a chalcone isolated from
Boesenbergia rotunda (L.). (fingerroot). Brazilian
Journal of Medicine and Biology Research, 45(6),
524-30. https://doi.org/10.1590/S0100-
879X2012007500022

Jantan, 1., Basni, 1., Ahmad, A.S., Ali, N.A.M., Ahmad,
A.R. and Ibrahim, H. (2001). Constituents of the
rhizome oils of Boesenbergia pandurata (Roxb.)
Schlecht from Malaysia, Indonesia and Thailand.
Flavour and Fragrance Journal, 16(2), 110-112.
https://doi.org/10.1002/f£j.956

Kang, S.T., Yoo, U.H., Nam, K.H., Kang, J.Y. and Oh,
K.S. (2007). Antioxidative effects of green tea
extract on the oxidation of anchovy oil. Journal of
Agriculture and Life Science, 41(3), 47-53.

Kim, D., Lee, M.S., Jo, K., Lee, K.E. and Hwang, J.K.
(2011). Therapeutic potential of panduratin A, LKB1
-dependent AMP-activated protein kinase stimulator,
with activation of PPARa/d for the treatment of
obesity. Diabetes, Obesity and Metabolism, 13(7),
584-593. https://doi.org/10.1111/j.1463-
1326.2011.01379.x

Lee, K.-H., Shin, E.-S., Sim, E.-J. and Bae, Y.-J. (2020).
Comparison of antioxidant and antimicrobial activities
of fingerroot (Boesenbergia pandura) and ginger
(Zingiber officinale Roscoe). The Korean Journal of
Food and Nutrition, 33(1), 105-110. https://
doi.org/10.9799/ksfan.2020.33.1.105

Ling, J.J., Maryati, M., Asmah, R. and Mohd, F.A.B.
(2010). Phytochemicals, antioxidant properties and
anticancer investigations of the different parts of
several gingers species (Boesenbergia rotunda,

pulchella  var  attenuata  and

Boesenbergia armeniaca). Journal of Medicinal

Plants Research, 4(1), 27-32. https://doi.org/10.5897/

JMPR09.308

Maguire, L., O’Sullivan, S., Galvin, K., O’Connor, T.

Boesenbergia

© 2022 The Authors. Published by Rynnye Lyan Resources


https://doi.org/10.1111/j.1750-3841.2010.01583.x
file:///C:/Downloads/The%20Korean%20Journal%20of%20Food%20and%20Nutrition, 
file:///C:/Downloads/The%20Korean%20Journal%20of%20Food%20and%20Nutrition, 

401

and O’Brien, N. (2004). Fatty acid profile,
tocopherol, squalene and phytosterol content of
walnuts, almonds, peanuts, hazelnuts and the
macadamia nut. [nternational Journal of Food
Sciences and Nutrition, 55(3), 171-178. https://
doi.org/10.1080/09637480410001725175

Minh, N.P., Tram, N.T., Thao, C.T. and Bach, L.G.
(2018). Effect of drying, roasting and storage to
antioxidant (tocopherol) in dried macadamia nut.
Effect of drying, roasting and storage to antioxidant
(tocopherol) in dried macadamia nut. Research on

Crops, 19(4), 724-729. https://
doi.org/10.31830/2348-7542.2018.0001.54
Pattaratanawadee, E., Rachtanapun, C,

Wanchaitanawong, P. and Mahakarnchanakul, W.
(2006). Antimicrobial activity of spice extracts
against pathogenic and spoilage microorganisms.
Kasetsart Journal, 40, 159-165.

Peryam, D.R. and Girardot, N.F. (1952). Advanced taste
test method. Food Engineering, 24, 58—61.

Raeisi, S., Ojagh, S.M., Sharifi-Rad, M., Sharifi-Rad, J.
and Quek, S.Y. (2017). Evaluation of Allium
paradoxum (M.B.) G. Don. and Eryngium
caucasicum trauve. Extracts on the shelf-life and
quality of silver carp (Hypophthalmichthys molitrix)
fillets during refrigerated storage. Journal of Food
Safety, 37(3), 12321. https://doi.org/10.1111/
jfs. 12321

Rasooli, 1., Rezaei, M.B. and Allameh. A. (2006).
Growth inhibition and morphological alterations of
Aspergillus niger by essential oils from Thymus
eriocalyx and Thymus x-porlock. Food Control, 17
(%), 359-364. https://doi.org/10.1016/
j.foodcont.2004.12.002

Rosdianto, A.M., Puspitasari, .M., Lesmana, R. and

Levita, J. (2020). Bioactive compounds of
Boesenbergia sp. and their antiinflammatory
mechanism: A review. Journal of Applied

Pharmaceutical Science, 10(7), 116-126. https://
doi.org/10.7324/JAPS.2020.10715

Rukayadi, Y., Han, S., Yong, D. and Hwang, J.K.
(2010). In vitro anti-bacterial activity of panduratin a
against enterococci clinical isolates. Biological and
Pharmaceutical Bulletin, 33(9), 1489—1493. https://
doi.org/10.1248/bpb.33.1489

Rukayadi, Y., Lee, K., Han, S., Yong, D. and Hwang,
JK. (2009). In vitro activities of panduratin A
against clinical Staphylococcus strains.
Antimicrobial Agents and Chemotherapy, 53(10),
4529-4532. https://doi.org/10.1128/AAC.00624-09

Saez, A., Montoya S., Cabrera J., Asensio C. and Ortega,
E. (2014). Characterisation and lipid profile of

eISSN: 2550-2166

Minh / Food Research 6 (5) (2022) 394 - 402

macadamia nuts (Macadamia integrifolia and
Macadamia tetraphyllia). International Journal of
Engineering and Applied Science, 4(9), 33-39.

Salama, S.M., Abdulla, M.A., Alrashdi, A.S. and Hadi,
A.H. (2013). Mechanism of hepatoprotective effect
of Boesenbergia rotunda in Thioacetamide induced
liver damage in rats. Evidence-Based
Complementary Alternative Medicine, 2013, 157456.
https://doi.org/10.1155/2013/157456

Sawangjaroen, N., Subhadhirasakul, S., Phongpaichit, S.,
Siripanth, C., Jamjaroen, K. and Sawangjaroen, K.
(2005). The in vitro anti-giardial activity of extracts
from plants that are used for self-medication by
AIDS patients in southern Thailand. Parasitology
Research, 95(1), 17-21. https://doi.org/10.1007/
s00436-004-1264-8

Seniya, C., Mishra, H., Yadav, A., Sagar, N., Chaturvedi,
B., Uchadia, K. and Wadhwa, G. (2013). Antiviral
potential of 4-hydroxypanduratin A, secondary
metabolite of fingerroot, Boesenbergia pandurata
(Schult.), towards Japanese Encephalitis virus NS2B/
NS3 protease. Bioinformation, 9(1), 54-60. https://
doi.org/10.6026/97320630009054

Servet, A. and Hudayi, E. (2011). Chemical composition
of European squid and effects of different frozen
storage temperatures on oxidative stability and fatty
acid composition. Journal of Food Science and
Technology, 48(1), 83-89. https://doi.org/10.1007/
s13197-010-0139-5

Shindo, K., Kato, M., Kinoshita, A., Kobayashi, A. and
Koike, Y. (2006). Analysis of antioxidant activities
contained in the Boesenbergia pandurata Schult.
rhizome. Bioscience,
Biochemistry, 7009),
doi.org/10.1271/bbb.60086

Silva, C.F., Mendes, M.F., Pessoa, F.L.P. and Queiroz,
E.M. (2008). Supercritical carbon dioxide extraction
of macadamia (Macadamia integrifolia) nut oil:
experiments and modeling. Brazilian Journal of
Chemical Engineering, 25(1), 175-181. https://
doi.org/10.1590/S0104-66322008000100018

Sohn, J.H., Han, K.L., Lee, S.H. and Hwang, J.K.
(2005). Protective effects of panduratin A against
oxidative damage of tertbutylhydroperoxide in
human HepG2 cells. Biological and Pharmaceutical
Bulletin, 28(6), 1083—1086. https://doi.org/10.1248/
bpb.28.1083

Song, H.S. and Kim, Y.M. (2018). Antioxidant effects of
ethanol extracts from plants on peroxide content in
semi-dried eels. The Korean Journal of Food and
Nutrition, 31(5), 647-652. https://doi.org/10.11002/
kjfp.2019.26.1.109

and
https://

Biotechnology
2281-2284.

© 2022 The Authors. Published by Rynnye Lyan Resources


https://doi.org/10.1111/jfs.12321
https://doi.org/10.1111/jfs.12321
https://doi.org/10.1007/s13197-010-0139-5
https://doi.org/10.1007/s13197-010-0139-5
http://dx.doi.org/10.11002/kjfp.2019.26.1.109

Minh / Food Research 6 (5) (2022) 394 - 402 402

Suporntip, P., Chaleeda, B., George, S., John, C. and
Michael, W (2012). Changes of chemical and
physical quality attributes of macadamia nuts during
hybrid drying and processing. Drying Technology,
30(16), 1870-1880. https://
doi.org/10.1080/07373937.2012.703275

Tan, E.-C., Lee, Y.-K., Chee, C.-F., Heh, C.-H., Wong,
S.-M., Thio, C.L.-P., Food, G.-T., Khalid, N., Abd
Rahman, N., Karsani, S.A., Othman, S., Othman, R.
and Yusof, R. (2012). Boesenbergia rotunda: From
ethnomedicine to drug discovery. Evidence-Based
Complementary and Alternative Medicine, 2012,
473637. https://doi.org/10.1155/2012/473637

Wall, M.M. (2010). Functional lipid characteristics,
oxidative stability, and antioxidant activity of
macadamia nut (Macadamia integrifolia) cultivars.
Food Chemistry, 121(4), 1103-1108. https://
doi.org/10.1016/j.foodchem.2010.01.057

Yonna, M., Fadliyah, H. and Meiyanto, E. (2018).
Fingerroot (Boesenbergia pandurata): A prospective
anticancer therapy. Indonesian Journal of Cancer
Chemoprevention, 9(2), 102-109. https://
doi.org/10.14499/
indonesianjcanchemoprev9iss2pp102-109

Zakuan, Z., Mustapa, S.A., Sukor, R. and Rukayadi, Y.
(2018). Anti-fungal activity of Boesenbergia rotunda
(temukunci) extract against filamentous spoilage
fungi from vegetables. International Food Research
Journal, 25(1), 433-438.

eISSN: 2550-2166

© 2022 The Authors. Published by Rynnye Lyan Resources



