Nghién ctru anh hwéng cua tinh dau girng den chi tiéu vi
sinh va chat lwoeng cam quan cua Banh it 1a gai theo thoi
gian bao quan

TOM TAT

Banh it 14 gai 1a loai banh dic san rat duogc ua chudng ciia tinh Binh Dinh, dwoc 1am chu yéu tir bot nép, 14 gai, dau
xanh, dira va duong voi phuong phap ché bién truyén théng. Tuy nhién, cic nghién ctru di chi ra sy ¢6 mat ciia mot
s6 chiing nim mdc va vi khuan 13 nguyén nhan giy hu hong Banh it 1a gai. Trong nghién ctru nay, tinh dau gimg da
dugc bd sung vao cong thirc banh nhu mot chat khang khuan/khang nim gitip kéo dai thoi gian st dung cua banh.
Két qua khao sat anh hudng cua viée bd sung tinh dau gimg dén han sir dung cua Banh it 14 gai thanh pham cho
thdy: bd sung tinh dau gimg v6i ndng do 4mL/kg bot ¢ thé ngin ngira sy phat trién cia vi sinh vat, dam bao kéo dai
han st dung ctia Banh it 14 gai thém 3 ngay so v&i banh khong bd sung tinh dau gimg. Céc chi tiéu cam quan ciing
chi ra ring ndng do tinh dau bd sung nay pht hop véi thi hiéu cua nguoi sir dung Bénh it 14 gai.

Tir khéa: Banh it 1a gai, vi sink vdt, ndm méc, tinh dau gimng.



Research on the effects of ginger essential oil on the
microbiological criteria and sensory quality of Ramie leaf rice
cake according to storage time

ABSTRACT

Ramie leaf rice cake (RLRC) is a very popular specialty cake of Binh Dinh province, made mainly from glutinous
rice flour, ramie leaves, green beans, coconut and sugar with traditional processing methods. However, studies had
shown the presence of some strains of mold and bacteria as the cause of RLRC spoilage. In this study, ginger
essential oil (GEQ) was added to the cake formula as an antibacterial/antifungal agent to help prolong the shelf life
of the cake. Survey results on the effects of adding GEO on the shelf life of RLRC show that adding GEO at a
concentration of 4mL/kg of flour can prevent the growth of microorganisms, guaranteed to extend the shelf life of
RLRC by 3 days compared to cakes without GEO added. Sensory criteria also show that the concentration of this
additional essential oil is suitable for the tastes of RLRC consumers.

Keywords: Ramie leaf rice cake, microorganisms, molds, ginger essential oil.

1. INTRODUCTION

Ramie leaf rice cake is the well-known traditional
specialist of Binh Dinh province. As the other
rice cakes in Asia countries, these cakes made
from the basic ingredients such as glutinous
sticky rice, sugar, and some types of beans,
coconuts, or sesame. The common methods for
making these cakes include steaming, frying, and
boiling. Because of manufacturing process
without using the additives and tropical climate,
the shel-life of these cakes is so short, about 2 — 3
days!. Research by Hoa et al? has shown that four
fungal strains are frequently present and cause
damage to Binh Dinh RLRC, which are
Aspergillus niger, Aspergillus flavus, Aspergillus
tamarii and Aspergillus fumigatus.

Thanh et al® using extracts of natural compounds
from cinnamon, anise, and black cardamom
added to RLRC. Research results showed that
extracts of natural substances from black
cardamom with the addition rate of 5mL/kg of
flour can help limit the deterioration of sensory
quality and prevent the growth of
microorganisms, thereby helping to prolong the
storage time of RLRC up to 5 days in normal
temperature, 2-3 days longer than traditional
production methods. However, the above natural
compounds have a strong aroma and affect the
taste and smell of this product. Therefore, it is
possible to research the use of some other

essential oils that are more suitable in prolonging
the preservation time, while limiting the change
in flavor properties of the cake, and ensuring that
not effect the health of consumers.

Ginger (Z. officinale) is a species that produces
oleoresins and essential oils with chemical
compounds of diverse properties. Essential oils
have characterized mainly as gingerols which
have been reported to possess analgesic, anti-
inflammatory, anticancer, antipyretic, antioxidant
and antibacterial activities. The antifungal
activity of Z. officinale essential oil is well
documented, mainly in filamentous fungi such as
Penicillium spp., Rhizopus sp., A. flavus, A.
solani, A. oryzae, A. niger, F. moniliforme, F.
verticillioides and in yeasts such as
Saccharomyces cerevisiae and C. albicans*’

With an eye to extend the shelf life of cakes
while still ensuring friendliness to consumers'
health, we proceed experiment using ginger
essential oil (GEO) as a natural preservation
additive and determine its effectiveness to
microbiological criteria and sensory quality of
RLRC according to storage time.

2. MATERIALS AND METHOD
2.1. Material

The research materials included ramie leaves,
glutinous rice, peeled mung beans, shredded
coconuts and banana leaves were sourced from
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the Binh Dinh Province. Refined sugar was
obtained from TTC Bien Hoa-Dong Nai Sugar
One-Member Limited Company, Vietnam.

GEO extracted by Hilltown Essential Oil Co. Ltd.
(CC43 Ho Van Hue Street, Ward 9, Phu Nhuan
District, Ho Chi Minh City, Vietnam).

Chemicals used in microbiological research:
NA, PDA, ethanol, NaCl 0.9%.

Equipments used in microbiological research:
Benchtop pH meter BP 3001 (USA);
quantitative balance; biological safety cabinets;
autoclave sterilizer; Petri dishes; implant;
alcohol lamp; test tube; volumetric flasks,
absorbent and waterproof cotton balls,...

Baking equipment as dough mixer; electric
stove,...

2.2. Method

2.2.1. Method of counting total aerobic
microorganisms

According to TCVN 4884-1:2015 (ISO 4833-
1:2013): Microorganisms in the food chain -
Methods for the enumeration of microorganisms.
Microbiological analysis  techniques  were
conducted according to Le Van Viet Man?®

Using the pour plate technique, count the
colonies on the agar medium after aerobic
incubation at 35 + 2 °C for 24 to 48 hours. The
number of aerobic bacteria in 1 g or 1 mL of the
food product sample tested is calculated from the
number of colonies counted on the culture plates
according to the dilution concentrations.

Select plates with 15 to 300 colonies on plates of
2 consecutive dilutions. Calculate according to
the formula:

N = A/(V.Dy)
In which:

N: total number of CFU/g (mL) of substrate
sample analyzed

A: average number of CFU per petri dish at a
certain dilution

V: volume of culture sample per petri dish

Ds: sample dilution

2.2.2. Method for determining antimicrobial
ability of ginger essential oil

The antimicrobial activity test of GEO was
performed using the agar disc diffusion method
as described by Euloge et al (2012) with
modifications.  Different concentrations of
essential oils were mixed into molten PDA

medium (45 °C), shaken well to disperse the
essential oils, and the medium was divided into
sterile Petri dishes (90 mm in diameter). Fungal
rings (5 mm in diameter) were cut from the
growing edge of the pure fungal culture (after 3
days) and transferred to the center of the Petri
dish containing the essential oil medium, the
control dishes (without essential oil) were
inoculated according to the same procedure. Then
the fungal dishes were incubated in the dark at 28
+ 2 °C. Colony diameter was measured after 24
hours per time, lasting up to 120 hours. The
percentage of inhibition of mycelial growth by
essential oils was calculated according to the
formula of Philippe et al.®

de—d;

Inhibition of mycelial growth (%) =
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Where:
dc: diameter of colony in control sample

d: diameter of colony in sample containing
essential oil.

2.2.3. Method of investigating the effect of ginger
essential oil on the shelf life of Ramie leaf rice
cake

The control (without GEO) and added GEO
samples of RLRC were maintained at room
temperature. The concentration of GEO selected
will be based on the results of the survey on the
antimicrobial ability of ginger essential oil as
presented above. Assuming the inhibitory
concentration is a, we have the following table of
GEO concentration survey

Table 1. Essential oil concentration survey

GEO

. a-2 | a-1 a a+l | a+2
concentration

Results M1 | M2 | M3 | M4 | M5

Step: 1 mL

Samples were taken to determine and evaluate
the total number of aerobic microorganisms in
the cake periodically after each day (24 hours).

2.2.4. Sensory quality assessment method

Assess the sensory quality of RLRC products by
scoring method simulating the TCVN 3215-79
standard using the 20-point system. TCVN 3215-
79 is a standard using the 20-point system built
on a unified scale of 6 levels of 5 points (0 + 5) in
which point O corresponds to “damaged” product
quality, and points from 1 + 5 correspond to
decreasing levels of defects. At point 5, the
product is considered to have no defects or errors.
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In the considered properties, the product has
typical and obvious good properties for that
indicator. The 20-point system is divided into 6
levels of product quality classification®.

Table 2. Weight coefficient of indicators (according
to TCVN 3215-79)

No Indicator name Weight coefficient
1 Status 15

2 Color 0.6

3 Odor 0.5

4 Taste 1.4

Table 3. Sensory indicators are applied according to
TCCS 01/2017/BILG-ST

No Indicator
name

Requirements

1 Status Pyramid cake, filling made

of coconut and green beans

2 Color Black

3 Odor Aroma of ramie leaves

4 Taste Sweet, rich, fatty

2.2.5. Data collection and processing methods

The reported data are the average values of 3
experimental  repetitions. The data were
processed and the graph were drawn using
Graphpad Prism 8. The average values were
analyzed by ANOVA using the Tukey test and
the value of p < 0.05 indicates a statistically
significant difference.

3. RESULT

3.1. The ability of GEO to inhibit the growth
of microorganisms under culture conditions

The results of investigating the ability of GEO to
inhibit fungal mycelium growth with four
pathogen fungal strains (Aspergillus
niger, Aspergillus  flavus, Aspergillus  tamarii
and Aspergillus fumigatus) after 48 hours are
shown below.
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Figure 1. Percentage of mycelial growth inhibition of
GEO after 48 hours

The result in Figure 1 shows that GEO has strong
inhibitory effect on Aspergillus fumigatus and
Aspergillus niger strains, but weaker inhibition
on Aspergillus flavus and Aspergillus tamarii
strains at almost all concentrations.

In addition, the survey result shows that the
percentage of mycelium growth inhibition was
proportional to the GEO concentration. The
higher the concentration is, the stronger the
inhibition ability is. The percentage of mycelium
growth inhibition of GEO was significantly
different (p < 0.05), compare the concentration of
3 pL/mL and the concentration of 5 pL/mL.
However, the results between the concentration
of 4 yL/mL and the concentration of 5 pL/mL
showed an insignificant difference (p > 0.05). We
can rely on this to choose a more optimal
concentration of essential oil, ensuring both
antifungal effectiveness and the sensory
properties of the cake (because high GEO
concentration makes the product have a
“pungent” and “spicy” smell).

Figure 2. Image of the inhibition survey of GEO at a
concentration of 5 mL/L on 2 fungal strains after 48
hours of culture (CB1 - Aspergillus niger, CB3 -
Aspergillus tamarii)

3.2. Effect of GEO on the growth of
microorganisms on RLRC during storage

The spoilage index of finished cakes is
determined based on the total number of aerobic
microorganisms developed on samples over
storage time.

8 sk sk ok *okokok *k
kokokk * %k K * %k mm Control
GEO1
6_
> GEO 2
2 GEO3
O 44
o mm GEO4
o
| mm GEOS5
2_
0- T T T
Day 4 Day 5 Day 6

Preservation day

Figure 3. The total number of aerobic microorganisms
(Log CFU/qg) developed on cake samples over storage
time (GEO 1, 2, 3, 4, 5 means the GEO concentration
add to the cake with 1, 2, 3, 4, 5 mL/kg of flour,
respectively) (****: p < 0.0001, ***: p < 0.001, **: p
<0.01, *: p<0.05)



Initially, in the first 2 days of preservation period
time, there is no damage on the RLRC surface.
After that, the control sample (without adding
GEO) began to show viscous flow, while the
samples using GEO began to gradually harden. In
particular, since day 5, the total number of
aerobic microorganisms (TNOAM) increased
rapidly and exceeded the allowable limit
according to TCVN 12941: 2020 standards, with
the total number of aerobic microorganisms of
the control sample reaching 129.5 x 10* (CFU/g),
approximately 6.11 logCFU/g.

Under normal conditions, on the 4" day of
storage, there was no significant difference of the
TNOAM between the samples supplemented
with GEO and the control samples (without
adding GEO). However, the difference between
the experimental samples and the control samples
was significant (p < 0.05) on the 5" day of
storage, which shows that the addition of GEO
contributed to limiting the growth of aerobic
microorganisms on RLRC according to storage
time.

The concentration of GEO added to the cake is
inversely proportional to the TNOAM growing in
RLRC, in which the GEO concentration of
5mL/kg of flour shows the most obvious
difference. The number of microorganisms in this
experimental sample was the smallest and did not
change much after 6 days of storage (the 6th day
was not significantly different from the 4th day).
However, there was no significant difference (p <
0.05) in the total number of aerobic
microorganisms between the sample
supplemented with GEO concentration of
5mL/kg and the sample supplemented with GEO
4mL/kg. This shows that adding GEO at a
concentration of 4 mL/kg or 5 mL/kg is equally
effective in inhibiting the growth of
microorganisms. Therefore, to ensure the sensory
properties of the product and reduce raw material
costs during production, we can choose a lower
GEO concentration of 4 mL/kg and still ensure
the effectiveness of extending the preservation
time of the cake for 3 more days compared to the
previous traditional cake (only kept for a
maximum of 3 days).

3.3. Effect of GEO on sensory quality of
RLRC during storage

To evaluate the influence of GEO on the change
in sensory quality of RLRC, a sensory test
according to TCVN 3215-79 was performed.

The results of surveying the influence of GEO
concentration on the sensory quality of RLRC
according to storage time are shown below.
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Figure 4. Effect of GEO concentration on the change
in sensory quality of RLRC over storage time

The analysis results show that the overall sensory
quality of RLRC reflected in the total average
sensory score decreased with storage time.
What’s more there are differences between cake
samples on the same day of storage. After 3 days
of storing under normal conditions, the control
sample without GEO supplementation show the
slight decrease of the overall sensory score from
15.77 point, coresponding good grade, to 12.62
point, coresponding average grade. According to
the microbiological test results, after 4 days of
storage, the TNOAM in the control sample was
under safe food standard, hence we did not
continue to perform sensory evaluation after the
3rd day of storage.

The cake adding GEO has an aroma in harmony
with the typical smell and taste of the traditional
RLRC. Especially in the traditional method,
people often use ginger in the cake filling as a
way to add flavor delicious for cake. Maybe
that's why the filling is less damaged than the
crust (according to research by Le Duy Thanh3).

However, when observing the total sensory score
results by day, we found that there was no
obvious difference between samples GEO2,
GEO3 and GEO4 with additional GEO
concentrations of 2, 3 and 4 mL/kg flour,
respectively. There is a significant difference
between GEO4 and control as well as GEOS, this
shows that adding GEO increases the sensory
quality of the cake. However, adding a lot of
GEO will reduce the sensory quality of the cake,
because it is not suitable for consumer tastes.
This can be observed via comparing the sensory
score of GEO4 and GEO5.

From the above analysis, it shows that, in terms
of sensory quality, the cake sample supplemented
with GEO concentration of 4 mL/kg of flour has
a higher sensory quality than the control sample
at the first day of storage. Besides, the sensory
score of GEO4 sample decreased slowly over
storage time. Therefore, the GEO concentration
chosen to add to the traditional RLRC production
process is 4 mL/kg of flour.



4. CONCLUSION

The research result indicate that GEO can inhibit
all four mold strains that cause RLRC spoilage,
in which GEO achieves strong inhibition against
Aspergillus fumigatus and Aspergillus niger
strains, weaker inhibition against Aspergillus
flavus strains and Aspergillus tamarii strains at
almost all survey concentrations.

The results of surveying the effect of adding
GEO on the shelf life of RLRC show that adding
GEO concentration of 4mL/kg of flour can
prevent the growth of microorganisms, ensuring
the extension of the shelf life of the RLRC
product adds 3 days compared to cakes without
added GEO. And the GEO concentration of
4mL/kg of flour added to the cake meets the
tastes of consumers.

Within the scope of the project, we have not yet
evaluated the minimum inhibitory concentration
of GEO against all four mold strains that cause
RLRC spoilage. More surveys are needed to
determine the minimum inhibitory concentration
of GEO against these four strains.
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