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Abstract

This study of a total of 103 blue swimming crab (Portunus sp.)
specimens (60 males and 43 females) collected from the seafood
market in Yangon was studied during May 2022 to April 2023. The
morphometric characteristics were measured and the length-weight
relationship, and condition factors of males, females and both sexes
were observed. The sex ratio of the collected samples was also
calculated. All the R? values were > 0.8 and it indicated the strong
positive correlation between the increase of body weight and the
carapace length as well as carapace width. The observed K values
calculated from the length were males (42.59 to 76.31), females (44.09
t072.46), and both sexes (42.59 to 76.31) while the K values calculated
from the width were males (3.77 t06.96), females (4.19 to 6.81), and
both sexes (3.77 to 6.96) respectively. Regarding growth pattern, b
values of female specimens (b =3) showed isometric growth, which
refers to the growth rate of the carapace length/width was
proportionately equal in ratio to the growth rate of body weight in this
study. On the other hand, a positive allometric growth pattern (b>3)
expressed in male specimens indicated that the growth at a rate of
carapace length/ width is different from the growth of body weight. This
study indicates the habitat of this Portunus sp. is in the healthy aquatic
environment of Myanmar's coastal region. The fruitful information
noted in the present study could provide a productive management of
biodiversity in the marine ecosystem in Myanmar and assist with the
food resource management in the local as well as export of Portunus sp.
as a commodity.

Keywords: carapace length-body weight relationship, carapace width
body weight relationship, growth pattern, sex ratio,
condition factor
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Introduction

There are approximately 4,500 known species of crab worldwide
(Sternberg and Cumberlidge, 2001). The crab inhabits almost all marine
environments around the world, from the coast to the deep sea and from
polar waters to the tropics (Boschi 2000) and (Muse et al., 2019).

The blue swimming crab, Portunus pelagicus (Linnaeus, 1758) is
one of the most economically important crab species due to high
commercial demand. The distribution of this species is concentrated in
Southeast Asian waters in a variety of habitat, i.e. from intertidal areas to
habitats of 65 m depth, in benthic areas covered by seagrass and algae, or
even along a stretch of beach in substrates of mud, clay, or sand (Hamid et
al., 2018).

Numerous studies have assessed carapace width-weight
relationships of blue swimming crabs, Portunus spp. Myanmar possesses
long coastal regions and rich marine creatures. Blue swimming crabs
(Portunus spp.) have become popular day by day, like mangrove crabs
(Scylla spp.) with, a high demand of sea food locally and abroad. The
scientific studies of morphological characters, morphometric and meristic
measurements of blue swimming crabs are very few in Myanmar.

Therefore this present study was carried out with the following objectives.
(1) to access the length-weight (carapace length-body weight) relationships

(2) to access the width-body weight (carapace width-body weight)
relationships

(3) to evaluate the value of condition factor (K)

(4) to observe the sex ratio of the blue swimming crabs (Portunus sp.) in
seafood market.

Materials and Methods
Sample collection

The blue swimming crabs specimens were collected by purchasing
from the sea food markets biweekly (Plate 1A & 1B). The study period
lasted from May 2022 to April 2023.
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Data collection

Specimens were coded individually as 1ZP - 1 to 1ZP - 103. The
measurements of Body Weight (BW), Carapace Length (CL) and Carapace
Width (CW) were taken individually. To be more accurate, Pan digital
spring scale (Saigon, Vietnam) and digital balance (CE brand, China) were
used for measuring BW (Plate 2A). Measuring tape was used to measure
CW and CL, from the edge of the frontal region to the tip of the back wall
of the carapace (Plate 2B) and CW, from the tip of the left dorsal spine to
the tip of the right dorsal spine (Plate 2C) . The data set was recorded by
filling up in data sheet and also by taking photos. The measurements were
taken follow after Lai et al., 2010. The individual specimen was checked for
the sex and recorded. The specimens showing the biggest and smallest in
the measurements were preserved in 90 % ethanol (Plate 1C) .

Data analysis
The following data analyses were carried out.

The length-weight relationship and width-weight relationship

Length-weight regression analysis was performed using the Data
Analysis package in Microsoft Excel 2010. Statistical tests and scatter plots
were performed using Statistical Package for Social Science (SPSS) version
26.

The growth pattern of the carapace length -weight relationship and
carapace width-weight relationship were determined based on the value of
growth coefficient “b” values using t-tests at p = 0.005. The growth pattern
was categorised as follows: isometric if b=3, negative allometric if b < 3,
and positive allometric if b > 3 (Begenal and Tesch, 1978). The student’s t-
Test was conducted to confirm the b values obtained in the linear
regressions applied by the following equation (Sokal and Rolf, 1987).

Weight as the variable y (dependent) and carapace width as the
variable x (independent) were used to conduct the analysis. The carapace
length-body weight and carapace width- body weight relationships were
estimated using the power function equation y = a , where y: is the response
variable, x: is the predictor variable, a and b are the regression coefficients
that describe the relationship between x and y. The steps of performing
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power regression in Excel have been followed in drawing scatter plots. The
linear equation was fitted separately for males, females, and both sexes. The
coefficient of determination in %, (R?) was determined to show the
explained variation in the percent of the total variation on the regression
line. ts = (b-3)/S

Where = t-test value; b =slope and S, = standard error of the slope.
Condition factor (K)

Condition Factor (K) was calculated by using the following formula
according to Gayanilo and Pauly (1997).

K = 100*(BW/CL?)

Where K = Condition Factor, BW = Body Weight,
CL = Carapace Length, CW = Carapace Width.

(A) (B) ©)

Plate 1. Specimens of Portunus sp. (A) Fresh specimens (Dorsal view)
(B) Fresh specimens (Ventral view) (C) Preserved specimens

(A)
Plate 2. Taking measurement of morphometric characters; (A) Body
weight (B) Carapace length (C) Carapace width

©)
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Plate 3. Blue swimming crab (Portunus sp.) male and female. (A) The
dorsal view of male, (B) The ventral view of male, (C) The dorsal
view of female and, (D) The ventral view of female

Sex ratio

Sex ration was calculated using the following formula followed after
Astuti et al., 2020.

Sex Ratio (SR) =

> male

> female

Results

The relationships of Carapace length -body weight and Carapace width
-body weight

The relationships between carapace length-body weight and
carapace width-body weight for the male (n=60), female (n=43), and both
sexes (n=103) of Portunus sp. were investigated by using the natural log-
transformed scatter plots. The analysis of length-weight regression was
reported in table 1, 2. Moreover the caculated regression equations and
coefficient of determination, R? were also shown below and in fig. 2, 3.

The following equations for the relationship between carapace
length and body weight were:

Male: Ln (y) = -0.7828 + 3.1296 Ln (x), (R?)= 94.5%
Female:  Ln (y) =-0.5577 +2.9999 Ln (x), (R?)=91.2%
Both sexes: Ln (y) = -0.7152 + 3.0923 Ln (x), (R%)= 94.3%

The following equations for the relationship between carapace
width and body weight were:

Male: Ln (y) =-3.9587 + 3.404 Ln (x), (R?)= 95.0%
Female:  Ln(y)=-2.7314 + 2.911 Ln (X), (R?)=92.4%
Both sexes:Ln (y) = -3.6039 + 3.2644 Ln (x), (R?)=94.5%
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Table 1. Length-weight regression analysis of Portunus sp. from the
Seafood Market
Carapace length (cm) Body weight (g)
Sex Significance F R?
xxsd (Range) xxsd (Range)
6.15+ 1.08 147.18+ 78.28
Male 60 2.68E-38 94.5%
(4.40-8.20) (53.0-339.0)
5.50+ 0.66 100.01+ 42.59
Female 43 2.93E-23 91.2%
(4.40-7.00) (53.50-208.00)
Both 5.87+0.92 127.49+ 69.55
103 8.96E-65 94.5%
Sexes (4.40-8.20) (53.00-339.00)
Notes: N = individual number, R? = coefficient of determination

Table 2. Width-weight regression analysis of Portunus sp. from the

Seafood Market

Carapace width (cm) Body weight (g)

Sex Significance F R
x+sd (Range) x+sd (Range)
13.48+ 2.08 147.18+ 78.28
Male 1.62E-39 95.0%
(10.30-17.60) (53.0-339.0)
12.22+1.52 100.01+ 42.59
Female 43 1.63E-24 92.4%
(9.60-15.80) (53.50-208.00)
Both 12.95+1.91 127.49+ 69.55
103 8.96E-57 94.3%
Sexes (9.60-17.60) (53.00-39.00)
Notes: N = individual number, R? = coefficient of determination

The overall significance of the significant F-value of the models was
extremely small, which means that the models were useful.
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The calculated t values and the P value were shown in table 3. The t
value of the length-weight relationship for the males was 1.3108 (p>0.05)
and for the female was 0.0005 (p>0.05). The value for the both sexes was
1.2243 (p>0.05). The t value of the width-weight relationship for the males
was 3.9549 (p<0.05) and for the female was 0.6806 (p>0.05). The value for
the both sex was 3.3776 (p<0.05). Except the t values in the study of
width-weight relationship for the male and both sexes, the remaining values
did not observe a significant difference at 95% confidence level.

Table 3. Growth pattern of Portunus sp. from the Seafood Market

Model Sex t value P- value Slope  Growth type
Male 1.3108 0.1951 b>3 A
Carapace length vs. Female 0.0005 09996 b=3 A
Body weight
Both sexes 1.2243 0.2236 b >3 A
Male 3.9549 0.0002 b>3 A
Carapace widthvs. Body — pooie 06806 04999  b=3 A
weight
Both sexes  3.3776 0.0010 b>3 A

Notes: *A = positive allometric growth, “A = negative allometric growth, A = isometric
growth

Regarding growth pattern, in both the relationships between length—
weight and width-weight, female was isometric growth whereas that of
male was positive allometric growth.

Condition factor (K)

In this study, the observed K values calculated from the length were
males (42.59 to 76.31), females (44.09 t072.46), and both sexes (42.59 to
76.31) (Table 4) while the K values calculated from the width were males
(3.77 to 6.96), females (4.19 to 6.81), and both sexes (3.77 to 6.96)
respectively (Table 5).
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Table 4. Condition factor (K) of Protunus sp. from the carapace width-body
weight relationship

Sexes Number Condition factor Condition factor Confidence level

K(Range) K(Mean£SD) (95.0%)
Males 60 42.59-76.31 58.16+6.93 1.79066
Females 43 44.09-72.46 57.5746.26 1.30316
Both sexes 103 42.59-76.31 57.91+0.65 1.29650
Sex ratio

The sex ratio (males to female) of a total of 103 Portunus sp.
specimens revealed as 1.0: 0.72.

Table 5. Condition factor (K) of Protunus sp. from the carapace width-body
weight relationship

Condition factor Condition factor Confidence level

Sexes Number K(Range) K(Mean+SD) (95.0%)

Males 60 3.77-6.96 5.48+0.69 0.17688

Females 43 4,19-6.81 5.24+0.54 0.56348

Both sexes 103 3.77-6.96 5.38+0.64 0.12424
Discussion

R-square (R?) also known as the coefficient of determination,
measures the strength of the relationship and the relationship between
carapace length-body weight and carapace width-body weight investigated
in this study, all the R? values were > 0.8 and it indicated that the strong
positive correlations between the increasing of body weight and the
carapace length as well as carapace width. In the report of Zairion et al.,
(2020), they studied the 277 Portunus pelagicus population in the western
and eastern part of Java Sea, all the values of R® were >0.9 and a non-
parallel relationship of width-weight was traced in the different three
locations in their study. The different growth could occur in the pre-molt
phase of female crabs living in a limited food availability environment
(Josileen, 2011 and Zairion, 2015). Hamida et al. (2019) also reported the
overall analysis of the BC-BW relationship of each sex showed a significant
positive correlation between the variables, with the empirical points fitting
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to the power function (R*>0.96)from their study of 4971 individuals of
Portunus segnis in Southeastern Tunusia (Central Mediterranean) from
October -2015 to September -2016.

Regarding growth pattern, b values of female specimens (b =3)
showed isometric growth, which refers to the growth rate of the carapace
length/width was proportionately equal in ratio to the growth rate of body
weight in this study. On the other hand, a positive allometric growth pattern
(b>3) expressed in male specimens indicated that the growth at a rate of
carapace length/ width was different from the growth of body weight. For
this condition, the growth rate of body weight may be faster than the
growth rate of carapace length or width. The result obtained in this study
was in agree with the report of Noori et al. (2015) showed the positive
allometric relationship between width-weight in males and that of the
isometric relationship in females in their study of 302 specimens of
Portunus segnis in the Persian Gulf, Iran. Rohmayani et al., (2018) studied
the length-weight relationship of 278 individuals of Portunus pelagicus
from Java Sea, Indonesia and reported their results of b >3 indicated the
males, females and total individuals crabs exhibited positive allometric
growth (b > 3), respectively. In the present study, the b values were >3 ;
positive allometric growth (b>3) recorded in sexes in both length/width —
weight relationships and isometric growth (b = 3) recorded in females in
both length- weight relationships and width—weight relationships. For that
reason, the results of the present study found in males and both sexes in
both length/width— weight relationships was similar to the results reported
by Rohmayani et al. (2018). Astuti et al. (2020) studied the Portunus
pelagicus in the Northern Tiworo Strait water, Southeast Sulawesi,
Indonesia monthly from June to December 2018. In their report, the growth
pattern of negative allometric. Ideally, growth of crustaceans follows an
isometric growth pattern which implies the dimension of the body weight
(BW) increment will follow proportionally by a carapace width (CW)
increment (shown by b=3). The ideal of such growth was mainly found in
the study on several organisms, but in certain conditions or in other species,
it may show an allometric growth pattern (b is unequal 3), such as growth
patterns revealed that Blue Swimming Crabs' (BSCs) carapace width (CW)
increment (Astuti et al. 2020). Futhermore, in the report of Hamida et al.
(2019)the 'b" value for the BW-CW relationship was distinct between the
sexes with positive allometric growth pattern in weight for males (b =3.19)
and combined sexes (b =3.09) and negative allometric pattern was identified
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for females (b=2.92). Hajjei et al. (2016) shared the finding of their study
Portunus segnis from the Gulf of Gabes, Tunisia. According to their report,
exponential values (b) for the carapace width-total weight relationship was
distinct between the sexes; a positive growth pattern in weight for males
and a negative allometric pattern identified for females. Males were
significantly larger and heavier than females,the expected pattern to many
crabs. For condition factor in the results of this study, the K value was
calculated to estimate the degree of well-being of a crab's expressed
coefficient of condition (also known as condition factor, or length-weight
factor). The values of condition factors calculated length/ width—weight
relationships for male, female and both sexes showed greater than 1. In
the report of Rohmayani et al. (2018), the condition factor values of 5.04 to
8.88 for males, 4.22 to 11.70 for females and total (both sexes) were noted.

According to the results of this study, all the Portunus sp. crab
specimens indicate their good state in terms of physical capacity for
survival and reproduction in their habitats along the coastal regions in
Myanmar. Astuti et al. (2020) suggested that condition factors were mostly
influenced by growth coefficient (b), namely the higher (b) the lower
condition factor (CF). In the report of Hamid et al. (2018), the growth
coefficient and condition factor in both male and female fluctuated
throughout their study period, April 2013 to March 2014.

About the sex ratio, sex ratio 1.0: 0.72 for males to females was
detected in present research was in agreement with the expected sex ratio
(1:1). The similar sex ratio 1:1 of male to female was found in the Portunus
(Portunus) pelagicus. Reported by Shabrina et al., (2020) studied in Gebang
Mekar Village, Cirebon Regecy, West Java, Indonesia. Besides this,
Rohmayani et al. (2018) reported that the sex ratio of males to females was
1:1.45 in their study.

Conclusion

The results in this study indicated the strong correlation of length-
weight and width- weight relationships in studied specimens. In addition,
the growth pattern revealed isometric and positive allometric indicate
growth rate between carapace length and between body weight as well as
carapace width and body weight. According to the results of condition
factor (K) in this study indicated the habitat of this Portunus sp. were in the
healthy aquatic environment of Myanmar's coastal region. The sex ratio
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recorded in this study was also satisfactory to assume that the population
status of Portunus sp. was in good condition. The fruitful information noted
in the present study could provide a productive management of biodiversity
in the marine ecosystem in Myanmar and assist with the food resource
management in local as well as export of Portunus sp. as commaodities.
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Bioethanol and Biochar Preparation from Taro Stalk
Soe Soe Than', Nay Yee Nyunt 0o & Win Thi Yein®

Abstract

Hydrothermal conversion of nonedible taro stalk (Colocasia esculenta
Schott.) into bioethanol and biochar was conducted in this study.
Hydrothermal treatment was carried out at different temperatures of 90
°C, 100 °C and 110 °C with a residence time of 30 min. Simultaneous
separation of solid residue and liquid part was carried out after
hydrothermal process. Bioethanol was prepared by fermentation of liquid
part using Saccharomyces cerevisae (Baker’s yeast) followed by
distillation. Biochar was prepared by carbonization of solid residue under
various temperatures of 300 °C, 400 °C and 500 °C for 4 hr. The
reducing sugar content of processed liquid was reached to 443 mg/g at
100 °C for 30 min and 21% by volume was achieved for its highest
alcohol strength. High heating value and carbon to hydrogen ratio of
biochar processed at 400 °C for 4 hr has resulted 26.28 MJ/kg and 97.94
% respectively.

Keywords: Hydrothermal conversion, taro stalk, bioethanol, biochar

Introduction

Hydrothermal treatment mainly uses water as the liquid state at
elevated temperature and pressure for hydrolysis, extraction and structural
modification of materials (Park et al., 2020). An aqueous fraction obtained
form hydrothermal conversion of biomass mainly comprises hemicellulose
that compose of xylo- oligosaccharides and monosaccharides (xylose,
glucose, arabinose), and its degraded compounds like acetic acid, formic
acid, furfural, hydroxylmethylfurfural (HMF). The solid fraction from
hydrothermal process consists of lignin and cellulose. The different
proportion of constituents fractionated from hydrothermal process can be
varied by using different operation parameters. It therefore, becomes an
interesting option to achieve a high organic matter solubilization and
surface and structural modified solid residue from lignocellulosic substrate
(Yan et al.,, 2017). Taro (Colocasia esculenta Schott.) is one of the
interesting nonfood biomass for its high energy content of above 4,000
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kcal/kg based on dry matter. Taro grown in Myanmar is divided into two
types including cultivated taro (edible taro) and natural or wild taro (non-
edible taro) (Matthews et al., 2005).

The present research focused on the preparation of bioethanol and
biochar from nonedible taro stalk through hydrothermal treatment. Based on
the ash content, volatile matter content, fixed carbon content, high heating
value of biochar was estimated.

Materials and Methodology
Materials

Taro stalks as shown in Figure 1. were harvested near the ULB
building, campus of University of Yangon. Taro stalks were washed, and
ground using a blender. The resulting paste was placed in an oven at 70°C
until the moisture content of 10-12% was reached. Dried samples were
again ground to powder of through 40 mesh size and stored in air-tight
plastic bags until it was used.

Figure 1. Wild Taro

Methodology
Analysis of Taro Stalk

The composition of taro stalk such as moisture, extractive matter,
lignin, holocellulose, hemicellulose and cellulose content was analyzed
according to the laboratory standard methods. Determination of Moisture
content using moisture analyzer (RADWAG MAC 110), lignin content by
Klason method, contents of holocellulose, hemicellulose and cellulose by
TAPPI T9 wd-75 method were conducted.
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Hydrothermal Treatment of Taro Stalk

Hydrothermal treatment of dried taro stalk was carried out in a
autogenous pressurized vessel with a loading of solid to distilled water as
1:9 (w/v). The reactor was heated to the desired temperatures of 90 °C, 100
°C and 110 °C for the residence time of 30 min in an oven. After
hydrothermal treatment, the broth was filtered and separated for liquid
portion and solid residue. Fermentation of liquid portion was carried out
using baker’s yeast for further ethanol production. Meanwhile, the solid
residue was washed with water for several times to remove the unwanted
matter and dried at 105°C. The dried solid residue was carbonized in a
muffle furnace at different temperatures of 300 °C, 400 °C and 500 °C for 4
hr respectively. Biochar was also prepared from untreated biomass. The
biochar prepared was stored in a sealed plastic bag for proximate analysis
and energy value.

Evaluation of High Heating Value (HHV) of Biochar

All biochar samples were ground and sieved to obtain a particle size
of through 40 mesh. Volatile matter, ash and fixed carbon contents were
determined by ASTM-D1762-84. HHV of biochar was then calculated
using the formula proposed by Stefan et al. (2013).

HHV = 0.4108FC + 0.1934VM — 0.02111Ash (MJ/kg)
Where FC = fixed carbon content, VM = volatile matter

EDXRF, SEM and FTIR Analyses of Biochar

Relative abundance of elements in biochar obtained from pyrolysis
at 400 °C for 4 hr was studied by EDXRF (EDX 720, Shimadzu) at the
Universities” Research Center (URC), University of Yangon. Surface
morphology and functional groups of the same biochar were examined by
SEM (EVO-18, ZEISS, Germany) and FTIR (IR-Tracer 100 Shimadzu,
Japan) at the Department of Chemistry, West Yangon University.
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Results and Discussion

Table 1. shows the composition of taro stalk as dry basis. It was
observed that taro stalk composed of less cellulose content when compared
to other biomass that contained 40-50% of the biomass by weight; and the
hemicellulose portion represented 20-40% of the material by weight. On
the other hand, it comprised of the largest fraction of hemicellulose that
composed entirely of polysaccharide sugars such as glucose, mannose,
xylose, arabinose, methylglucuronic and galaturonic acids. Biomass with
high hemicellulose showed an average molecular weight of < 3000
(McKendry, 2002).

Table 1.Composition of Taro Stalk

Component Composition (%) Dry basis
Extractive matter 9.30
Lignin 25.00
Holocellulose 51.37
Hemicellulose 37.24
Cellulose 14.13

As shown in Figure 2. and Figure 3, the highest fermentable sugar
has resulted as 443 mg/g and consequently, the highest strength of ethanol,
21 % by volume was obtained. Increase in fermentable sugars revealed with
a substantial increase in the alcohol strength. The influence of fermentation
time was also observed for the yield of ethanol strength. Fermentation
period of 24 hr gave the strength of 19% by volume and 72 hr caused a
decreased strength of 13%. However, fermentation period of 48 hr was the
suitable time for the highest alcohol strength of 21%. Probably, longer
fermentation time may cause the acetic acid formation that can be toxic to
the yeast growth under anaerobic condition, resulting the lowest alcohol
strength.
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Figure 3. Ethanol Strength Obtained from Fermentation of Liquid Portion

The volatile matter and fixed carbon content are the important
parameters that significantly affect the combustion process (Parshetti et al.,
2013). As the pyrolysis temperature was increased, ash and fixed carbon
contents were remarkably increased in all biochars as shown in Figure 4. On
the other hand, increasing in fixed carbon contents occurred with increasing
in pyrolysis temperature. Carbonization at 500°C revealed that the ash
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content distinctly increased leading to loss of yield and high ash content
primarily due to organic loss (Sun et al., 2016). Rehrah et al. (2014) also
stated that the similar behavior was found for biochar obtained from peanut
shells and cotton gin. This was due to the increased temperature that tended
to drive off the more volatile matter, resulting decrease in the yield of
biochar. However, the mineral components were retained at high
temperature in solid fraction and showed increased ash content. In addition,
the biomass with high mineral contents such as grass and straw residues
generally produced ash-rich biochars at high temperature with long duration
(Stefanko et al., 2020). Therefore, the ash formation was directly related to
the level of nutrients and minerals in biomass.

m Ash Content
m VVolatile Matter
‘ Fixed Carbon
300 400 500

Temperature, °C

Percentage
= N W B~ O
o O O O o o

Figure 4. Ash Content, Volatile Matter Content and Fixed Carbon Content
in Biochars at Different Temperatures
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Figure 5. HHV of Biochars at Different Temperatures

High heating value (HHV) is one of the important parameters in the
fuel properties of biochars and estimates its feasibility for fuel (Qian et al.,
2020). The high pyrolysis temperature accelerates the reaction of
devolatilisation and produces valuable char with high energy content and of
smokeless quality (Fan et al., 2018). Figure 5 shows HHV of biochar
prepared at 300 °C, 400 °C and 500 °C for 4 hr. HHV of prepared biochar at
400 °C for 4 hr was engaged with the fuel values of lignite to bituminous,
indicating that the resulting biochars have the potential usage as solid fuels.

Table 2. shows the elements found in biochar obtained by
carbonization at 400 °C for 4 hr. Calcium (Ca) content was found to be the
highest and followed by potassium (K). Copper (Cu) content was the least
amount and carbon to hydrogen ratio was 97.939%. Therefore, it was
concluded that the biochar from taro stalk was potential not only for solid
fuel but also for soil amendment due to carbon to hydrogen ratio and its
various mineral contents.

Table 2. Elements in Biochar

Element Relative abundance (%)
Calcium 1.305
Potassium 0.715
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Element Relative abundance (%)
Iron 0.013

Zinc 0.009

Stronium 0.008

Manganese 0.007

Lead 0.003

Copper 0.001

CH 97.939

SEM analysis was carried out to observe the changes in the surface
of cell walls that was disrupted by hydrothermal treatment and
carbonization. The surface morphology of raw biomass, hydrothermally
treated solid residues and biochar are shown in Figure 6. Untreated taro stalk
was easily recognizable with smooth surface structure and it was evident
that the effect of hydrothermal treatment on the structure of cell wall was
found to be damaged cell wall with network of cellulose structure as shown
in Figure 6,(b). SEM image of biochar prepared at 400 °C for 4 hr showed
the amorphous structures with high porosity as can be seen in Figure 6,(c).
Pyrolysis of biomass occurred under high temperature revealed the small
pore and fragments formed on the biochar surface. The degradation of
cellulose and lignin left regular pore structures on the surface of chars (Fan
etal., 2018).

FTIR analysis of functional groups of biochars was used for
qualitative determination of the changes in biomass. The FTIR spectra of
untreated taro stalk, solid residues after hydrothermal treatment and biochar
are shown in Figure 7. It was observed that the appearance of the wide band
at 3200-3400 cm ' that was attributed the O—H stretching vibration in
hydroxyl and carbonyl groups, and the band at around 2910 cm
representing C—H stretching vibration in aliphatic and aromatic structures
for the spectra of untreated biomass and solid residue after hydrothermal
treatment. That was agreed with the statement of Tawatbundit et al., 2022.
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Figure 6. SEM Images of (a) Taro Stalk (b) Solid Residue after
Hydrothermal Treatment (c) Biochar
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Figure 7. FTIR Spectra of (i) Taro Stalk and (ii) Solid Residue after
Hydrothermal Treatment and (iii) Biochar

However, the spectra for biochar showed the weak band at
3200-3400 cm ' and disappearance of the band at 2910 cm ™. Decreasing in
hydroxyl and carbonyl contents was due to increase the hydrophobicity of
biochar that was cited in the work of Fan et al., 2018. The result indicated
that the demethanation reaction occurred under high pyrolysis temperature
of 400°C. The band at 1633 cm™' in untreated biomass and solid residue
after hydrothermal treatment was attributed to aromatic skeletal vibration of
lignin that was also stated by Tawatbundit et al., (2022). The appearance of
a band at 1436 cm ™' represented the aromatic skeletal vibration of lignin as
shown in Figure 7,(iii).
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Conclusion

Hydrothermal conversion of biomass was an effective way to
fractionate the high value organic liquid portion and solid residue. The
liquid product had the high fermentable reducing sugar for further
production of bioethanol under anaerobic fermentation. Further
carbonization of the solid residues derived from hydrothermal conversion of
biomass resulted biochars with high heating values (HHV). HHV of
biochars were comparable with that of lignite (16.08 MJ/kg), subbituminous
coal (21.32 MJ/kg) and bituminous coal (grade C) (25.05 MJ/Kg).
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Evaluation of Antioxidant Activity of Encapsulated Lemon
Essential Oil and its Application in Food Preservation

Khin Swe Oo! & Sandar Win?

Abstract

The shelf-life of foods is affected by several aspects, mainly chemical
and microbial events, resulting in a considerable decrease in consumer's
acceptance. In recent years, the consumer demand for natural ingredients
has resulted in sustained growth in the global market of essential oils.
However, this application sector has to face many disadvantages related
to the variability of their composition, and their volatility and storage
instability. Encapsulation could overcome these advantages. In this
research work, essential oils from lemon peels were extracted using the
conventional water distillation (WD) method and yielded 1.24 +0.07%.
The extracted essential oil was identified by Gas Chromatography - Mass
Spectrometry (GC-MS). This oil was characterized by a composition
rich in limonene (67.1%) followed by a-pinene (11.0%) and a-terpinene
(8.0%). The extracted lemon peels essential oil was encapsulated with
silicon dioxide powder. The antioxidant activity of the essential oil and
encapsulated essential oil were determined by antiradical power DPPH.
Encapsulation of essential oil in silicon dioxide did not modify its
antioxidant activity. The extracted essential oil, silicon dioxide and
encapsulated essential oil were characterized by FTIR and it was showed
that the encapsulation did not alter the composition of the oil.
Encapsulated essential oil was used as a natural preservative in the
preparation of mayonnaise and the shelf-life was observed by three
months.

Keywords: lemon essential oil, encapsulation, natural preservative

Introduction

Essential oils are aromatic and volatile liquids obtained from plant
material, including flowers, roots, bark, leaves, seeds, peel, fruits and whole
plants. Because of their volatility, these substances can be isolated using
steam distillation from an aromatic plant of a single botanical species and
can be detected by both smell and taste. Essential oils can be extracted by
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means of water distillation, water and steam distillation, or steam
distillation alone. These are the most traditional and commonly used
methods (Chamorro et al., 2012).

The applications of essential oils for different purposes are varied
and include not only their use in food to enhance the taste and health
benefits but also their application in perfumes and cosmetics.

Essential oils are volatile and unstable compounds that can be easily
evaporated and decomposed due to environmental conditions such as light,
oxygen, or temperature. These chemical and physical changes can be
effectively minimized by an adequate formulation of essential oils. The
purpose of encapsulation is to overcome these problems. In the few years,
essential oils (EOs) have been actively investigated to replace synthetic
antioxidants. Essential oils consist of a complex mixture of low boiling
compounds which contain mono and sesqui terpenes, oxygenated terpenes,
phenols, and other compounds (Foti, 2007).

Encapsulation has been widely used for protection, target delivery,
and enhanced biological functions of bioactive compounds. Encapsulation
consists of two important things such as core (bioactive) and wall
material/emulsifier (that protects bioactive). Different types of protein,
polysaccharide and synthetic emulsifiers/wall materials have been used to
encapsulate the EOs/constituents. Essential oils have certain limitations
such as low water solubility, high volatility, and strong odor that limit their
applications in food and pharmaceutical industry. To overcome these
effects, EOs can be encapsulated to retain their stability, flavor retention,
and functional properties. Encapsulation protects the EOs from light, air and
humidity because these interactions lead to oxidation or volatilization and
reduced biological activities. Moreover, encapsulation increases the
solubility of oil, provides controlled release and makes it more bioavailable
(Majeed et al., 2015).

Autoxidation is the main mechanism of the oxidation of fats and
oils. This autoxidation is the reaction of oxygen with unsaturated fatty
acids. This lowers the nutritional value of food products, color, texture, and
other sensory and physiological properties. The resulting lipid peroxidation
reaction between the unsaturated fatty acids and molecular oxygen is a
serious problem for the fat and oil industry. It not only deteriorates the
quality of fatty foods and fatty acids but also produces free and reactive
oxygen radicals that are associated with carcinogenesis, mutagenesis,
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inflammation, aging, and cardiovascular disease. Because of these defects,
consumers do not accept oxidized foods, causing losses to food producers.

For the purpose of inhibiting lipid oxidation of fats, oils, and fatty
foods, chemical compounds known as antioxidants are employed. Citrus
fruits are important sources of antioxidants such as ascorbic acid,
flavonoids, and phenolic compounds. Citrus peels are the sources of
essential oil and a valuable product (Lopez et al., 2005).

In this research, essential oil is produced from lemon peel. Lemons
are the commercial source of citric acid before the development of
fermentation-based processes. The extraction of lemon oil from the waste
peels not only saves the environment but also can be used in various
applications as natural preservatives in foods.

Materials and Methodology
Materials

Fresh lemon fruits were collected from Thiri Mingalar Market,
Hlaing Township, Yangon Region. Ethanol (95%), commercial amorphous
porous silicon dioxide and sodium sulfate were purchased from Empire
Chemical Shop, 27" street, Pabedan Township, Yangon.

Methodology
Preparation of Sample

The collected lemon fruits were thoroughly washed with tap water
to remove the dirt. The peels were dried at room temperature for one day
and cut into small pieces. Then, the small pieces of peels were ground using
a grinder.

Extraction of Essential Oil from Lemon Peels by Water Distillation
(WD)

About 400 g of ground lemon peels was put in a 1 L round bottom
flask and then 400 mL of distilled water was added and distilled for about
150 min under the atmospheric pressure. The distillate from the receiver
was transferred into a separating funnel and kept overnight for layer
separation. The bottom layer, which is water, was withdrawn and the
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extracted essential oil was retained in the upper layer. The residual moisture
in the extracted oil was removed using anhydrous sodium sulfate stored in
glass vials covered by aluminum foil at 4°C. Then, the resultant oil was
placed in an air tight amber glass bottle and stored in a cool and dry place.

Encapsulation of the Extracted Essential Oil

A sample was prepared by mixing 0.5mL of the essential oil with
500 mg of silicon dioxide and the whole mass was agitated until a
homogeneous mixture was obtained.

Analysis of Essential Oil and Encapsulated Essential Oil

Identification of Extracted Essential Oil from Lemon Peels by Gas
Chromatography-Mass Spectroscopy (GC-MS) Analysis

The constituents in the extracted lemon essential oil were identified
by GC-MS analysis at the National Analytical Laboratory, Department of
Research and Innovation, Ministry of Science and Technology, Yangon
Region.

Determination of Encapsulation Efficiency

The percentage of encapsulation efficiency was determined
according to the method mentioned by Keawchaoon and Yok-san, 2019.
The percentage of encapsulation efficiency was calculated by the following
equation:

Encapsulation efficiency (%) = (amount of oil encapsulated / initial
amount of oil ) x 100

Evaluation of the Antioxidant Activity of the Essential Oil Before and
After Encapsulation

The antioxidant power was estimated by the DPPH (2,2 -diphenyle-
1-picryl hydrazyl, Sigma Aldrich) test following the method described by
Marinova and Batcvarov, 2011. The absorbance values of samples were
measured by UV- visible Spectrophotometer (Thermo Scientific Evolution-
201). The antiradical activity was estimated according to the following
equation:
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Antiradical activity (%) = [( Ao —At) / Ag] X100

Where, A; and A, are the absorbance values of the tested and blank samples,
respectively.

Characterization of Essential Oil, Silicon Dioxide and Encapsulated
Essential Oil by Fourier Transform Infrared (FTIR) Spectroscopy

Free essential oil, silicon dioxide and encapsulated essential oil were
analyzed by FTIR spectroscopy. The FTIR analysis of these samples was
conducted at the National Analytical Laboratory, Department of Research
and Innovation, Ministry of Science and Technology, Yangon Region.

Observation of Internal Microstructure by Scanning Electron
Microscope (SEM)

SEM images of silicon dioxide and encapsulated lemon essential
oil in silicon dioxide microstructures were observed through the ZEISS
Cross Beam Workstation Field Emission Scanning Electron Microscope
(FE-SEM) at the Chemistry Department, West Yangon University, Yangon
Region.

Preparation of Mayonnaise

Mayonnaise was produced from the soybean oil 68 g, whole egg 15
g, vinegar 8 g, salt 2 g, sugar 6.5 g and mustard paste 0.5 g (all amounts are
stated as % w/w). The mayonnaise samples were prepared using a standard
hand mixer (SOKANY, SK-1711-4, 1000W, China). Firstly, eggs, salt,
sugar and mustard paste were homogenized and then oil was poured slowly
until a mayonnaise emulsion was obtained. Secondly, vinegar was added to
the mayonnaise emulsion and was stirred for 4 min continuously to stabilize
the emulsion. Finally, 0.1g of encapsulated lemon essential oil was added
and stirred for 1min. After that, the prepared mayonnaise was filled in a
sterilized glass bottle with cap and pasteurized in water bath at 70 °C for 10
min and then stored in refrigerator at 4 °C until analysis was conducted.
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Effect of Amount of Encapsulated Lemon Essential Oil on pH and
Peroxide Value of Mayonnaise during Storage

The effect of amount of encapsulated lemon essential oil on pH and
peroxide value of mayonnaise during storage was determined using various
amounts of encapsulated lemon essential oil from 0.1 g (%w/w) to 0.5 g
(%w/w) with fixed amounts of other ingredients in the preparation of
mayonnaise.

Analysis of Formulated Mayonnaise
Determination of pH

About 2 g of sample was added into 50 mL beaker and dissolved in
10 mL of distilled water. pH was measured using SM 100 pH meter.

Determination of Peroxide Value

Peroxide value was determined according to the method described in
AOAC (2000).

Results and Discussion

The lemon essential oil was extracted by hydro-distillation and
yielded 1.2 (%w/w). The freshly extracted essential oil occured fresh aroma
and pale-yellow color.

From the results of Table 1, the dominant compounds of the
essential oil are limonene 67.03% followed by a-pinene 11.17%. In lemon
essential oil, it is also observed that the main components belong to the
group of the oxygenated monoterpenes. This finding was in accordance
with the results of Lota et al., 2002 that represented limonene, a
hydrocarbon, and the two geometric isomers of citral (neral and geranial) as
the three major constituents of lemon oil. Limonene has antimicrobial
properties, exhibiting antibacterial activity against Gram-positive bacteria
(Colecio-Juarez et al., 2012). Figure 1 shows the GC-MS chromatogram of
extracted lemon essential oil by water distillation. The calculated
encapsulation efficiency of silicon dioxide on lemon essential oil was
93.52%. That meant silicon dioxide effectively absorbed essential oils.

The antioxidant activity of essential oils is important because they
may preserve foods from the effects of oxidants. The antioxidant activity of
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lemon essential oil and encapsulated lemon essential oil were analyzed by
DPPH essay test. In Figure 2, the results of the antioxidant activity of pure
lemon essential oil, encapsulated lemon essential oil and the standard
(ascorbic acid) are displayed. The antioxidant activity of encapsulated
lemon essential oil was compared to that of the pure essential oil and the
encapsulation process did not alter the antioxidant properties of the essential
oil. So, encapsulation of lemon essential oil brought to the resulting oil-
silica hybrid important properties such as enhancement of compatibility and
process ability to produce adequate formulations of industrial interest
(Paseta, et al., 2016).

The SEM observations of the silicon dioxide and the encapsulated
oil are shown in Figure 3 (a) and (b). The SEM images of the silicon
dioxide and the encapsulated oil were similar, which means that the
encapsulated essential oil has no significant effect on the structure of the
silicon dioxide.

Table 1. Dominant Compounds in Extracted Essential Oil by
Water Distillation

Sr Compound Retention | Molecular | Formula | Related
No. Name Time Weight Amount
(min) (% wiw)
1 | 3- Carene 3.26 136 CH 1.18
10 16
2 | Alpha -Pinene 3.77 136 ClOH16 11.17
3 | D-Limonene 4.691 136 ClOH16 67.03
4 | Cylooctene 5.132 150 CllH18 2.4
5 | Trans-P- Mentha 5.711 152 CHO 4.30
! 10 16
2,8- Dienol
6 | Cis-P- Mentha 2,8- 5.853 152 C. H O 1.98
. 10 '16
Dien-1-ol
7 | Citronella 5911 154 ClOHmO 1.65
8 | Carveol 6.67 152 ClOH16O 5.98
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Sr Compound Retention | Molecular | Formula | Related
No. Name Time Weight Amount
(min) (% wiw)
9 | D-Carvone 7.311 150 C10H14O 6.91
10 | Gernaniol 7.41 154 ClOHmO 0.43
11 | Citral 7.629 152 C10H160 0.32
12 | N-Decanoic acid 8.848 172 ClOHZOOZ 0.37
13 | Bicyclo3.1.1HE 9.65 204 15H24 2.86
PT-2-ENE,2,6-
Dimethyl-6-(4-
methyl-3-Pentenyl)
14 | Beta-Bisabolene 10.567 204 15H24 0.19
15 | 2,6,9,11Dodecatetra 12.051 218 ClSHZZO 0.18
enal,2,
6,10-Trimethyl-
EEE
16 | 2,6, 10, 12.672 220 Cl5H240 0.25

Dodecatrienal,3,
7,11-Trimethyl

interaction between the essential oil and silicon dioxide.

Figure 4 shows FTIR spectrum of essential oil, encapsulated
essential oil and silicon dioxide. The FTIR result of the encapsulated oil is
similar the result of the additional effect between the peaks of the pure oil
and those of silicon dioxide, which suggested that there was no chemical

The emulsification of mayonnaise was dramatically affected by the
pH. Table 2 shows the pH values of mayonnaise samples for a storage
period of over 3 months. The pH value of freshly prepared mayonnaise
sample was 3.65 which indicated that the mayonnaise must be acidic in
nature and agrees with the pH values stated by Pons et al., 1994. During
storage the pH values decreased continuously in all mayonnaise samples
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containing different amount of encapsulated lemon essential oil. The pH
value of mayonnaise prepared with 0.4 g and 0.5 g of encapsulated lemon
essential oil was slightly changed than that of other samples. It was noticed
that increasing of the amount of encapsulated lemon essential oil led to
reducing bacterial activity and retarding the decreasing in pH values as a
result of its antibacterial effect. These obtained data were agreed with that
of El-Bostany et al., 2011. They stated that the pH values decreased
continuously in mayonnaise samples during the storage period. The initial
peroxide values of prepared mayonnaise samples with or without
encapsulated lemon essential oil were the same value of 3.18 meq
peroxide/kg oil. Similarly, the initial peroxide values of samples were those
reported for mayonnaise mixed with mango using egg yolk and mustard as
emulsifiers, which amounted to less than 3.183 meq-peroxide-kg* oil (Sethi
et al., 2017). But the peroxide values of all mayonnaise samples increased
during storage at 4 °C due to the factors such as physical instability,
chemical oxidation, hydrolysis and microbiological effect. But it was
observed that the peroxide values were significantly lower than those of the
control sample without adding the encapsulated lemon essential oil.
Moreover, the mayonnaise samples prepared with 0.4 g and 0.5 g of
encapsulated lemon essential oil were the same peroxide value of 5.28 meq
peroxide/kg oil but the control one was 9.62 meq peroxide/ kg oil after the 3
month storage period. So, the prepared mayonnaise was effectively
preserved with the encapsulated lemon essential oil. The results were the
similar results with Shaygannia et al., (2021). They indicated that
encapsulation had potential to improve antioxidant activity of the lemon
extracts in mayonnaise by prolonging its availability. The presence of
hydroxyl groups in their phenolic compounds also gave the antioxidant
effect of essential oil (Shahidi et al.,1992).
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Figure 1. GC-MS Chromatogram of Extracted Lemon Essential
Oil by Water Distillation
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Figure 2.  Antioxidant Activity of Lemon Essential Oil, Encapsulated
Lemon essential oil and Standard Ascorbic Acid
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Figure 3. SEM Images of (a) Silicon Dioxide
(b) Encapsulated Lemon Essential Qil
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