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Synthesis and modification of maleic anhydride-vinyl
acetate copolymer by a long alkyl chain alcohol
for cold flow impovers of biodiesel

Thi Thu Huong Tran, Thi Tuyet Mai Phan”, Van Boi Luu, Ngoc Lan Pham

University of Science, Vietnam National University, Hanoi
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Abstract:

This research illustrates the results of a study on the
synthesis of maleic anhydride-vinyl acetate copolymers
(MAVA) with the monomer molar ratio of 1:1 by the
radical polymerisation method in which benzoyl per-
oxide was used as a catalyst. The structure and compo-
sition of MAVA were characterised by FTIR, '"H-NMR
and “C-NMR spectra. The molecular weight of the co-
polymers was determined by the viscosity method. The
copolymers were then modified by the esterification
reaction with hexadecanol - a long alkyl chain alcohol.
The modified copolymer products (MAVAC) were used
as additives to improve the cold flow properties of palm
oil-based biodiesel through pour point temperature
measurement according to standard ASTM-D97 and
dynamic viscosity according to ASTM D445-97. The re-
sults showed that the MAVAC additives with the comb-
shape structure at the concentration of 1000 ppm could
decrease the pour point temperature of palm oil-based
biodiesel by 5.5°C and dynamic viscosity by 0.17 cPs.

Keywords: additive, cold flow property, maleic anhy-
dride-vinyl acetate copolymer, palm oil-based biodiesel.

Classification number: 2.2
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Introduction

The study of producing biodiesel from non-edible oils,
such as palm oil, rubber seed oil, waste cooking oil, animal
fats, is a strategy of development in most countries in the
world, including Vietnam. This biodiesel has the disavantage
of having poor flow properties at low temperatures. When the
temperature drops, the monomethyl esters of fatty acids are
separated in the form of either crystals or wax thus preventing
the flow of oil which causes clogging of the fuel nozzle. This
ultimately leads to a stop in the working of the engine [1, 2].
Numerous methods have been assessed for improving the cold
flow property of biodiesel [3], including winterisation [4, 5],
ozonisation [6], addition of cold flow improvers (CFIs) [7]
and modification of the fatty ester composition [8]. Among
these, the use of polymeric CFIs provides an effective and
feasible approach that has been investigated in many studies
[9-11]. Recent studies reported that copolymeric CFIs can
remarkably improve the low temperature performance of
biodiesel. These CFIs have chemical structures consisting
of a hydrocarbon chain that is able to co-crystallise with
the hydrocarbon chain of the fatty acids in biodiesel fuels
and thereby affect the growth and nucleation of the wax
crystals [12-14]. Using polymer additives to reduce the
pour point temperature of biodiesel is the useful solution
to this problem. In particular, copolymers with comb-shape
structures prove most active [3, 9-11]. Copolymerisation is
of great interest while synthesising polymers to obtain the
desired physical and chemical properties by controlling
monomer ratios, their concentrations and the polymerisation
procedure [1]. However, the synthesis of copolymers with
comb-shape structures, that consist of long and short branch
chains which are arranged regular alternatively, is still
a challenge for scientists [11, 15-17]. It is very important
to be able to generate copolymers with regular alternative
structures by choosing the pairs of monomers that contain
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a small copolymerisation constant (~ 0) [18]. Maleic
anhydride (MA) is a unique comonomer because it does not
readily undergo homopolymerisation, but forms copolymers
without difficulty [14]. So, maleic anhydride (MA) and
vinyl acetate (VA) have been selected [1, 14]. They have
the copolymerisation constant r, = 0.072 and r, = 0.01,
respectively (r,.r, = 0.00072 ~ 0) [16, 18, 19], and so are
able to generate copolymers with alternative structures, as
desired.

Cold flow properties of biodiesel generally depend
on fatty acid composition. The relative concentration
proportion of saturated and unsaturated fatty acid methyl
ester species in biodiesel may have a significant effect on the
thermodynamics of nucleation and crystallisation under cold
weather. Biodiesel derived from palm oil has a relatively
high saturated fatty acid residue content, most of which is
palmitic acid (C16), leading to pour point value in the range
of 13-17°C [2, 14, 20]. So, it is essential to design suitable
copolymeric CFIs that would be most effective in improving
the cold flow for specific biodiesel.

In this research, combshape poly—(maleic anhydride —co-
vinyl acetate) copolymers esterified with hexadecanol were
synthesised. The effect of various of alkyl group/carboxyl
group as well as the side chain length of CFIs on the wax
crystallisation and the flowability of biodiesel was studied
by measuring the pour point temperature and dynamic
viscosity. Solubility of the synthesised copolymers in
different solvents was investigated to identify whether there
is an increase intheir efficiency on palm oil biodiesel.

Experiment
Chemicals

The main chemicals used in this study include: Maleic
Anhydride-MA (Merck), Vinyl Acetate-VA, Benzoyl
Peroxide-BPO, p-Sulfonic Acid-PTSA (Wako, Japan), Cetyl
Alcohol (Sigma Aldrich). The solvents include Methanol,
Ethanol, Acetone, Toluene, Dimethyl Formamide-DMF
(Merck). Monomethyl Ethyl Ketone-MEK (Prolabo), Palm
oil Biodiesel from Palm oil of Vietnam [21].

Preparation methods

Synthesis of MAVA copolymer: MA and VA with molar
ratio 1:1 [16, 18, 22] and MEK solvent (ratio of monomeric
mass to volume of solvent is 30%, g/ml) were poured into a four-
neck round-bottom flask, equipped with a reverse condenser, a
thermometer and a N, gas pipe. N, gas was supplied for thirty
minutes. Then, a solution of BPO (0.6% mass of monomers)
in MEK (0.02 mmol) was prepared separately and added to the

above mixture. The mixture was heated with vigorous stirring.
The reaction temperature remained at 80°C for six hours. When
the reaction ended, the copolymer was precipitated three times
with an excess volume of cold diethyl ether, then dried at a
temperature of 50°C under vacuum pressure for six hours. The
end product was solid with light pink-white colour.

The molecular weight of copolymers was determined by
viscometry [18]. The reaction yield (H), molecular weight
(M, g/mol), % mol of MA in copolymer unit and vibration
wavenumbers of the copolymer are given in Table 1.

Table 1. Parameters and vibration wavenumbers of copolymer
samples.

0,
Sam- Mo.l H M - Vibration wavenum-
le ratio ©) (gmoy M bers (cm)
P MA:VA MA
Ve 2024-2853,
MAVA  1:1 75 22410 55 Voo 1730, v, 1244,
Voo 1033,v,,954
Vey 3125,V 1853,
MA 98 Voo 1777,v,., 1627,
Voo 1059
Yo, (-CH,) 1375,
Ve, (<CH,) 1442,
VA 86 . 2924-2854,

Ve,
Vo 1646,v._ 1772
Voo 1222,v,, 720

Esterification of MAVA copolymer: MAVA copolymer
was esterified by hexadecanol with the mol ratio 1:1 based on
molar portion of anhydride in copolymers [21]. Hexadecanol
was dissolved in toluene to keep dry from water by azeotropic
method. Solution of MAVA copolymers was added to the
reaction flask. Finally, PTSA catalyst (1% mass of reactants)
was introduced. The reaction was performed in 6h. The water
formed during the reaction was separated by using the Dean-
Stark trap. The reaction product was gained by precipitation
with an excess volume of cold methanol. Next, the precipitate
was dissolved two times with excess cold methanol. The pure
modified MAVAC product was dried overnight at 50°C under
vacuum pressure. The final product is a pale-yellow powder.

The yield, some physico-chemical parameters, the
average molecular weight and the spectral data of the
modified copolymers are given in Table 2.

The reaction yield (H), molecular weight (M, g/mol), %
mol of MA in copolymer unit, and vibration wavenumbers
of modified copolymer are given in Table 2.
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Table 2. Parameters and vibration wavenumbers of modified
copolymer samples.

H -1
Sample (%) M FTIR (cm™)
Ve 2922-2851, v, 1857,
MAVAC 83 39830 v ,1780-1734,v., 1074, v_, 929,

Ve 720

Determination of solidifying temperature for biodiesels:
the pour point temperature with and without copolymer
additives was measured according to standard ASTM D97
[23]. The modified copolymer was dissolved in a mixture
of toluene and acetone with volume ratio 1:1. This additive
solution was then added to the biodiesel at a certain mass
fraction before it was poured into a test tube. The temperature
of the test tube was slowly decreased by using a mixture of salt
and ice. When the temperature of the sample was 9°C above
pour point, we started to monitor it every 3°C. The determinant
of pour point ends when laying the test tube horizontally in 5s
but there is no emotions of biodiesel. The pour point is that
temperature plus 3°C. The pour point of biodiesel without
additives is got similarly to determining activity of the additive.

Determination of dynamic viscosity (1) by using
Gilmont viscometer: the dynamic viscosity (i) of biodiesel
with and without copolymer CFIs was measured by using
Gilmont viscometer of Thermo Scientific Company (Faculty
of Chemistry, HUS). It was measured at 40°C according to
standard ASTM D445-97.

Research methods

Infrared spectroscopy (FTIR): FTIR spectra were
recorded on FT/IR-6300 type spectrometer (Faculty of
Chemistry, HUS). The spectra were scanned 32 times, with
a resolution of 4 cm™, in the wave range of 600-4000 cm™.

Proton Nuclear Magnetic Spectroscopy (‘H-NMR):
"H-NMR spectra were recorded on Bruker Avance 400MHz
FT-NMR spectrometer (Faculty of Chemistry, HUS). The
solvents used were CDCIl, and DMSO-d6. TMS was used as
the internal standard.

Viscosity measurement method: the average molecular
weight (M) of copolymers was determined by viscometry
according to the Mark and Houwink-Sakurada equation
[17]:

[n]=K.M«

Where [n] (dl.g") is the intrinsic viscosity; M is the
average molecular weight of polymers; K and o are

characteristic constants for the used polymer-solvent
systems. K =9,32.10¢dl/g va a = 0,94 [22].
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Intrinsic viscosity measurements were carried out using
an Ubbelohde capillary viscometer having an internal
diameter of 0.5 mm and a length of 10 cm. The flow times
were recorded using a stopwatch.

Results and discussion
Synthesis of MAVA copolymer

The copolymerisation reaction scheme is described as
follows:

BPO/MEK, 80 °C

0 HC—CH + N CH, — CH , HC —_CH __CHy __CH
[\ | /A |
NN | / \ |

¢ Nl c=0 N,/ c=
| |

CH, cH,

MA VA MAYA

Schem 1. Synthesis routine for the preparation of MAVA copolymer.

The structure of synthesised copolymers was confirmed
by FTIR, 'H-NMR and “C-NMR spectra.

FTIR Spectra: FTIR spectrum of MAVA copolymer is
given in Fig. 1, the spectral data are presented in Table 1.

1730
304 MAVA copolyme \n
1244
3502

2.5 e
<< 20

1.5

1.0 i T . T 5 T T T T T ¥ T .

4000 3500 3000 2500 2000 1500 1000 500
cm’!

Fig. 1. FITR spectrum of MAVA copolymer.

As shown in Fig. 1, the deformation vibration in the plane
of the C-H (in CH,) of VA appears at 1375 cm™ [16], while
the deformation vibration of C-H (in CH,) appears at 1442
cm’!. Carbonyl groups of both MA and VA have absorption
peaks close to each other, thus forming a large and strong
overlap peak at 1730 cm’'. However, there was a shift of
C=0 peak to the lower frequency (compared to the C=0O
peak in the acid and esters). This could be due to the C=0 of
acetate group attracting electrons. This makes the H atoms
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in the methyl groups more electron deficient and thus have
the ability to create hydrogen bonds with oxygen atoms of
the adjacent MA. The formation of hydrogen bonds did shift
the peak to the lower frequency [24]. Besides, the presence
of VA is also characterised by the appearance of vibrations
of C-H at 954 cm™'; the peak at 1244 cm™' is attributed to the
vibrations of the C-O linkage [16]. The peak at 1033 cm’!
corresponds to the vibrations of the C-O-C linkage in MA
[16].

At the same time, it can be seen that the absence of
characteristic spectral bands for scissing vibrations of linkage
C=C of the monomers at 1646 cm”' (VA) and 1627 cm!
(MA) [16, 18, 19, 25] showed that the copolymerisation had
taken place completely. It also showed that the copolymer
product had high purity and contained no traces of residual
monomers. So, the FTIR spectra confirmed the formation of
MAVA copolymers.

'H-NMR Spectra: the structure of MAVA copolymer
was also confirmed by proton nuclear magnetic resonance
spectroscopy. The '"H-NMR spectrum of MAVA copolymer
is indicated in Fig. 2.

MAVA

2.533

~12.617
-12.53

a a b
b CH—C
lr:,l \ (.IIfC‘H
{ ‘r\) o d
|
N Lo
CH; |n
d
a
v b
. b
! | X N
L 1 L 1 [ 1)
E| 3] B
. .
13 1 1 10 L] B8 T 3 5 4 3 2 1 ppm

Fig. 2. "H-NMR spectrum of MAVA copolymer.

It can be seen that the peak at 5.1-5.4 ppm corresponds to
the proton in CH, the peak at 2.04-2.07 ppm - to the protons
of the CH,, the peak at 2.27-2.36 ppm - to the protons of the
CH, in VA, and the peak at 3.2-3.5 ppm - to the protons of the
MA. So, as in the case of infrared spectroscopy, the 'H-NMR
spectra could also explain in full the chemical structure of
MAVA copolymers. The MA monomer content in the MAVA
copolymer was determined based on the 'H-NMR spectral
data according to the following equation [18]:

Sa
2

Yo MA = 100% ~57% (1)

—a 4 Zd
2 3

Where S, S, are peak areas at 3.4 ppm and 2.07 ppm
corresponding to the protons in -CH of MA and -CH, of VA,
respectively.

It can be seen that by using the technique of slow drip of
catalyst solution into the reaction mixture for 30 minutes, one
can acquire MAVA copolymers with constituent monomer
molar ratio that almost equals 1.

BC-NMR Spectra: BC-NMR spectroscopy has been used
to assert the alternative structure of the obtained copolymers

(Fig. 3).

MEVA

50

254

LT

— 137,205

— 130

NZ%

— .67

— . HhY
— 1671

9.3

T T T T T
180 163 140 120 100 L) 60 40 20 pem

Fig. 3. *C-NMR spectrum of MAVA copolymer.

From Fig. 3, the appearance of a peak at 172 ppm that
belongs to carbon in the group C=0 of VA and the dual peak
at 170 ppm and 166 ppm for the two C=0O groups of MA has
asserted that the obtained MAVA copolymers had a regular
alternative structure. Similar results were also announced in
the work of Gabrielle, et al. [22]. The molecular weight of
the MAVA copolymers determined by viscosity methods are
presented in Table 1.

Study on the solubility of MAVA copolymer: the solubility
of the synthesised MAVA copolymers influence the scope
of the polymer’s application, especially the ability to purify
the product. Hence, the study on solubility of the reaction
products is essential. A survey on the solubility of MAVA
copolymers in different solvents has been conducted. Results
are presented in Table 3.

SEPTEMBER 2018 e VOL.60 NUMBER 3



Table 3. Solubility of MAVA copolymers in solvents.

Solvent Soluble Insoluble
Acetone v
Aprotic DMF v
MEK v
Methanol v
Protic Ethanol v
Water v
Non-polar Toluene v

From Table 3, it is understood that the MAVA
copolymers have the ability to dissolve in polar solvents.
This is understandable, because the C=0 in MA has a free
electron pair, and due to the difference in electronegativity
C=0 can be polarising. Moreover, in the MAVA copolymers,
CH,COO-acetate groups also have polar C=O. Therefore,
MAVA copolymer can dissolve in polar solvents and are
insoluble in non-polar solvents such as toluene.

Based on the above results, acetone was chosen as a
solvent to dissolve the MAVA copolymers in subsequent
experiments.

Modification of MAVA copolymers with hexadecanol

The structure and molecular weight of polymer additives
have a great influence on the ability to improve cold flow
properties of biodiesel. Additives having the comb-shape
structure [1, 14, 18, 20], with long alkyl side chains and
short chains alternative to each other embedded in the
polymer main chains, demonstrated the ability to reduce the
solidifying temperature of biodiesel.

The long alkyl side chains interact with long alkyl chains
of methyl esters of fatty acids (FAME) in biodiesel, inhibits or
slows the crystallisation process, thus prevents the formation
of wax plates in biodiesel at low temperatures. According to
this approach, the ring-opening reaction of MA in the MAVA
copolymers has been conducted using hexadecanol, as shown
in Scheme 2:

lCHz—cIH—CH—CH + XCh—(CH)=OH — lcnz—cln—— CH—C/Lﬂ' X HO
0 J\ 07\/ 0
0 0 /KO . /O y 0\
Cx

| X
| | H
CHs CHs Cle)n
1244 cmt 1177 et CHs

1033 em!
Scheme 2. Synthesis routine for the preparation of MAVAC.

The opening of the anhydride ring was confirmed by the
decrease in IR peak intensity of the absorption bands at 1244
cm! and 1033 em!, characterising the vibration of the C-O-C
linkage in the anhydride ring and the increase in intensity of
peak at 1177 cm! of the formed C-O- ester linkage (Fig. 4).
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Fig. 4. FTIR spectra of MAVA and MAVAC.

Moreover, the presence of long alkyl chains (C16) of
hexadecanol in the product was confirmed by the appearance of
anew peak at 720 cm™! characterizing the vibration of the C-H
in (CH,), when n > 4. The yield of esterification is relatively
high about 83. The molecular weights of MAVAC copolymers
determined by viscosity method are presented in Table 2.

Study on solubility of MAVAC copolymer: in order to find
a suitable solvent that disperses additives into the biodiesel
efficiently, the solubility of additives in different solvents
was investigated. The results obtained are presented in Table
4.

Table 4. Solubility of MAVAC in solvents.

Solvent Soluble Insoluble
Toluene v
Acetone v
Toluene + acetone v

Methanol v

From Table 4, it isunderstood that the MAVAC copolymer
can be dissolved in a mixture of toluene and acetone (ratio
of volume is 1:1), so this solvent mixture will be chosen to
dissolve the polymer additives for biodiesel.

Test on flow property improvement of biodiesel: a test
was conducted on the ability of the polymer additives to
improve cold flow properties of palm oil biodiesel via the
determination of pour point temperature and dynamic
viscosity. The results are given in Table 5.

Table 5. Solidifying temperature (T) and dynamic viscosity (u)
of palm oil biodiesel with and without polymer additives at a
concentration of 1000 ppm.

Samples T(CC) 1 (cPs)
Palm oil biodiesel (BDF) 13.5 4.16
BDF + MAVA 14.0 4.20
BDF + MAVAC 8.0 3.99
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The MAVAC copolymers can help to improve the
cold flow property of palm oil biodiesel. For instance, the
solidifying temperature of BDF containing MAVAC reduced
by 5.5°C and dynamic viscosity by 0.17 c¢Ps in comparision
with the original BDF (see Table 5). At the same time, it
showed that the MAVA copolymers did not have this ability;
their presence barely increased both pour point temperatures
and dynamic viscosity. As such, the results have proved that
copolymers that have comb-shape structures, with long and
short side alkyl chains arranged alternatively to one another,
mainly determined the activity of the additives.

From this opens a prospect that one can design copolymer
additives having regularly alternative structures from MA
and VA. One can also adjust the number and the length of
the branch chains for a specific biodiesel in order to achieve
the best cold flow property improvement.

Conclusions

- The polymerisation of vinyl acetate with maleic anhydride
was conducted with amonomer molarratio of 1:1. The structure
and compositions of the synthesised MAVA copolymers were
characterised by FTIR, '"H-NMR and “C-NMR spectra. The
molecular weight was determined by the viscosity method.

- The esterification of MAVA copolymers with
hexadecanol was conducted. The modified MAVAC product
was used as an additive for cold flow property improvement
of palm oil biodiesel. It was able to reduce the pour point
temperature of the obtained biodiesel by 5.5°C, and the
dynamic viscosity by 0.17 cPs at 1000 ppm concentration.
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Abstract:

X-ray absorption spectroscopy (XAS) was utilized

to gain insights into the structure and electronic
properties of the reduced copper active site in
NCU08746, a polysaccharide monooxygenase

(PMO) from Neurospora crassa that activates O, to
cleave glycosidic linkages in starch. The reaction

of NCU08746 likely starts with binding of O, to the
copper(I) center. However, the solution structure of the
reduced active site in NCU08746 has not been properly
elucidated. In this study, we prepared Cu(I)-NCU08746
in solution, which was snap-frozen to preserve the
solution structure of the copper(I) active site prior to
XAS analysis. Results show that the copper(I) center
in Cu(I)-NCU08746 exhibits a 4-coordinate geometry,
which is different from the 3-coordinate geometry
observed for some other PMOs. This difference likely
arises from the coordination of the active site tyrosine
residue and could contribute to the difference in
activity between NCU08746 and other PMOs.

Keywords: oxygen activation, polysaccharide
monooxygenase, X-ray absorption spectroscopy.

Classification number: 2.2

Introduction

Enzymes that contain a copper active site capable
of activating O, for C-H bond cleavage are of great
fundamental and practical interests. Around 2010, a new
superfamily of oxygen-activating mono-copper enzymes
called polysaccharide monooxygenases (PMOs) were
discovered [1]. It is generally accepted that PMOs degrade
polysaccharide via hydroxylating either C-H bond of the
glycosidic linkages (Fig. 1). PMOs can act directly on the
surface of their polysaccharide substrates in an “endo”
fashion, which enables them to work synergistically
with currently available industrial hydrolytic enzymes in
converting recalcitrant polysaccharides to fermentable
sugars [1]. Currently there are 6 families of PMOs listed in
the carbohydrate active enzymes (CAZy) database [2]. The
starch-active PMO family was discovered in 2014, which is
classified as AA13 family in the CAZy database [3]. While
other PMOs act on B(1—>4) glycosidic linkages found
in chitin, cellulose, and xylans, AA13 PMOs only cleave
a(1—4) linkages found in starch, which has expanded the
perspectives in starch metabolism.
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Fig. 1. Structure of Cu(l1)-PMO (left) and the PMO reaction (right).
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The structures of PMOs have been characterized
extensively with single crystal X-ray crystallography
(XRD), which revealed an absolutely conserved Type
2 mono-copper active site coordinated by two histidine
residues in all PMOs in a motif termed as histidine brace
[4] (Fig. 1). The N-terminal histidine residue coordinates
in a bidentate mode using the N atom of its amine group
and the N;, atom of the imidazole group (Fig. 1). The other
histidine residue coordinates via its N, atom. The reaction
of PMOs likely starts from the reduced state, in which the
copper(l) center readily binds O, to generate a reactive
copper-oxygen species. The structure and electronic
properties of the copper(l) center thus play an important
role in the mechanism of PMOs. Nevertheless, the structure
of PMOs in the copper(I) state (Cu(I)-PMO) have not been
well characterized by single crystal XRD. The available
structures of Cu(I)-PMO are obtained either from the
photo-reduction of the copper(Il) center during XRD data
collection or from in crystallo chemical reduction, which
may not represent the true structure of Cu(I)-PMO in
solution [4].

In this work, we attempted to obtained insights into the
structure and electronic properties of the copper(l) active
site in the starch-active PMO NCU08746 of Neurospora
crassa using X-ray absorption spectroscopy (XAS). The
X-ray Absorption Near Edge Structure (XANES) of the
XAS spectrum could provide insights into the geometry
and electronic properties of the copper center. The extended
X-ray absorption fine structure (EXAFS) region contains
the important local structural information up to ca 4.5 A
from the copper center. The reduced sample for XAS
analysis was prepared under inert gas atmosphere and snap-
frozen in a sealed sample holder, which closely represents
the solution state of Cu(I)-NCUO08746.

Materials and methods

Cu(II)-NUCO08746 was prepared as previously described
[3]. The enzyme was buffer exchanged to 700 mM MES
buffer pH 5.0 and degassed under a stream of argon for
30 minutes and stored in a refrigerator inside an anaerobic
Mbraun glove box. Buffer solution and glycerol were
degassed by bubbling with argon for 2 hours and left open
in the glove box overnight. Ascorbic acid solution was
prepared by mixing ascorbic acid powder with anaerobic
MES buffer inside the glove box. Cu(I)-NCU08746 sample

was prepared by incubating anaerobic Cu(II)-NCU08746
with 15 fold excess anaerobic ascorbic acid at room
temperature in the glove box for 30 minutes. Anaerobic
glycerol (20% final concentration) was subsequently added
to the sample to prevent ice crystal formation when the
sample was frozen. The concentration of the enzyme in the
final reduced sample was 1.14 mM. The reduced sample
was transferred to an XAS sample holder, which was put
in a reaction vial sealed with septum screw cap. The vial
was taken out of the glove box, immediately frozen in liquid
isopentane, and stored in liquid nitrogen until the data was
collected. Data collection was carried out at Beamline X3B
of the National Synchrotron Radiation Light Source (NSLS)
of Brookhaven National Laboratory in Long Island, New
York, USA. Data reduction and processing were carried out
using Athena [5]. Fitting of the EXAFS data was carried out
using Artemis [5] and FEFF6.0 [6]. The FEFF model was
built based on a PMO crystal structure (Fig. 2).
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Fig. 2. FEFF input model used for EXAFS fitting and representation
of single and multiple scattering paths of the imidazole ring.

Results and discussion

The XANES spectrum of Cu(I)-NCUO08746 is shown in
Fig. 3, which is significantly different from that of Cu(Il)-
NCUO08746 previously reported [3]. The XANES spectrum
of Cu(I)-NUC08746 exhibits a clear shoulder at 8983 eV,
which is absent in the spectrum of Cu(I)-NCUO08746. The
featureless edge of Cu(II)-NCUO08746 is consistent with a
5- or 6-coordinate copper center as previously described [3].
In contrast, the shoulder in Cu(I)-NCU08746 is indicative
of a coordination number of 3 or 4, which arises from the
Is—4p electron transition of the copper(I) center [7]. This
result indicates that the structure of the copper center is

SEPTEMBER 2018 e VOL.60 NUMBER 3



significantly altered upon reduction from Cu(II) to Cu(I).
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Fig. 3. XANES spectrum of Cu(l)-NCU08746 (dashed blue)
obtained in this work in comparison with that of Cu(ll)-
NCU08746 (solid green) reproduced from ref. [3] with
permission.

EXAFS data of Cu(I)-NCU08746 is shown in Fig.
4, which is exhibits a typical double-humped feature of
histidine coordinated metal species near 4-4.5 A [4, 8,
9]. The Fourier transform of Cu(I)-NCU08746 exhibits an
inner shell at 1.5-2.0 A, a second shell at 2.0-3.0 A, and a
third shell at 3.0-4.0 A. The inner sphere can be fitted with
several Cu-N/O paths at 1.9-2.5 A, which is typical for
copper enzymes including PMOs. The second shell can be
fitted with several Cues+C paths at ~2.9 A and 3.2 A, which
can be attributed to the C atoms of the histidine ligands as
depicted in Fig. 2.

The third shell corresponds to the double-humped
feature in the EXAFS spectrum. As shown for many metal-
imidazole species, the double-humped feature can be
simulated with significant single and multiple scattering
paths due to the imidazole ring (Fig. 2). By floating the
coordination number of the imidazole ring in the fitting
process, Vu, et al. were previously able to closely predict
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the number of histidine ligands in iron [9] and copper [3]
enzymes. Here we used the same approach by fixing the
number of histidine ligands at 2 according to the crystal
structure of a starch-active PMO in Aspergillus oryzae
[10]. The double-humped feature of Cu(I)-NCU08746 is
reasonably well simulated with two imidazole rings, which
were included in all the fits.

Table 1. Fitting results to unfiltered k*-weighted EXAFS data of
Cu(l)-NCU08746.

First shell Second shell Third shell

Fit# Cu-NO Cu-N/O CueeC Cuseelm R-factor
NR & NR ¢ N R ¢ NIR &
2 19 66 1 252 35 3 291 60 2 na na

1 1 225 57 1 318 28 004833
2 188 6.0 3289 04 2 na nha

2 0.13689
20260 124 2 313 60
2 199 sl 329 19 2 na na

3 0.18967
1 219 80 2 319 28

krange = 2-11 A"; number of independent points is 17; resolution
=0.174 A; scale factor S, = 1.0; N = coordination number; R
= distance (A); 62 = respective Debye-Waller factor (10 A?).
Cueeslm represents the significant single and multiple scattering
paths of an imidazole ring.

Notably, the best fit requires a Cu-N/O path at ~ 2.5 A
(Fit #1, Table 1). Removing this path severely lowers the fit
quality (Fits # 2 and 3). This path likely arises from the O
atom of the active site tyrosine residue (Fig. 1), which is also
observed in the crystal structure of photoreduced starch-
active PMO from Aspergillus oryzae [10]. We thus propose
the structure of Cu(I)-NCUO08746 as shown in Fig. 5. The
coordination of tyrosine to the reduced copper active site
has only observed in starch-active PMOs but not on other
PMO families [4]. Thus, this difference may contribute to
the difference in activity between the starch-active PMO
family and other PMO families.

4

Relx(q)] (A?)

X(R)| (A4)

Fig. 4. k*-weighted EXAFS spectrum (left) and its Fourier transform (right) of Cu(1)-NCU08746. Data is shown as dashed blue line
and fit as solid red line. The best fit parameters are provided in Table 1 (Fit # 1).
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Fig. 5. Proposed structural change upon reduction of Cu(ll)-
NCU08746 to Cu(l)-NCU08746.
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Abstract:

Acerola (Malpighia emarginata) vinegar is one Kkind
of fruit vinegar produced using acetic acid fermented
by acetic acid bacteria. In this study, Acetobacter
senegalensis A28 was applied in acerola vinegar
production at a high temperature. With 1.0% (v/v) of
A. senegalensis A28 inoculum, the suitable conditions
for production of acerola vinegar were determined to
be pH 6.5, 20°Brix, 10° cells/ml, as well as 4.0% (v/v) of
ethanol added to acerola juice. Moreover, a temperature
of 35°C was found to be suitable for fermentation
in both 100 ml and 2 litre working volumes. Total
acid concentrations of 5.45% (w/v) and 4.90% (w/v),
respectively, were achieved after 4 days of fermentation.
Acid concentrations of 5.40% (w/v) and 4.70% (w/v)
were obtained at 37°C after S days of fermentation in
volumes of 100 ml and 2 litres, respectively. At pilot-scale
fermentation of 20 litres at 37°C, acid concentration of
3.68% (w/v) was achieved after 5 days of fermentation.

Keywords: acerola, acetic acid bacteria, Acetobacter
senegalensis, fruit vinegar, thermotolerance.

Classification number: 2.2

*Corresponding author: Email: ntpdung@ctu.edu.vn

SEPTEMBER 2018 ¢ VOL.60 NUMBER 3

Introduction

Fermentation products have been studied to improve
their quality, productivity, scale, and diversity to meet
consumers’ increasing demands. Today, such research
brings the possibility of the application of the results to
industrial production [1]. One of these products is vinegar, a
condiment that is indispensable in our daily diet; in addition,
it plays an important role in supporting and maintaining
human health. At present, many new types of vinegar are
being studied and put into trial production at low cost.
These are based on inexpensive and readily available raw
materials, compared to traditional rice vinegar, in order to
meet the current market’s demands. Among the variety of
methods of fermentation, sink methods are most commonly
used. Much research has been conducted to explore the
possibility of producing fruit vinegar from many sources,
such as pineapple peel [2]. Acetic acid bacteria (AAB),
one of the essential bacteria in vinegar fermentation, are
being studied by scientists (e.g. oxidation mechanisms of
ethanol to produce acetic acid, methods for identification,
etc.), and achieve a variety of applications in practice. Thus,
the process of vinegar fermentation is being optimised day
by day. They are very diverse in nature (appearing more
in fruits, grains, herbs, etc.) and are important in the food
industry for oxidizing sugar and wine into acetic acid [3,
4]. Therefore, AAB play an important role in the industrial
production of vinegar. In addition, they can be used in the
production of cellulose and sorbose [5]. Temperature is a
factor that plays an important role - it is the deciding factor
in vinegar fermentation. However, climate change which is
increasing global temperatures, is significant challenge for
the fermentation ability of AAB. The optimal temperature
for the fermentation of AAB is 28-30°C, and increased
temperature has a strong influence on the production of
vinegar [1, 6]. Therefore, today, the study of thermotolerant
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strains of AAB is an important consideration, not only for
scientists but also for producers. In addition, the application
of heat-resistant strains of AAB in large-scale industrial
manufacturing is widely studied at present.

The goal of this paper is twofold: to determine the
suitable proportion of ethanol to be added, and the favorable
pH value, °Brix, and cell density; and to study high-
temperature vinegar fermentation from acerola at working
volumes of 2 litres and 20 litres.

Materials and methods
Culture and materials

Thermotolerant A. senegalensis A28 was isolated
from a rice wine starter, identified, and stored at the Food
Biotechnology Laboratory, Biotechnology Research and
Development Institute, Can Tho University. Acerola which
had ripened to a red colour was selected and purchased at
An Nghiep market, Ninh Kieu district, Can Tho, Vietnam.

Examination of the characteristics of A. senegalensis
A28

A. senegalensis A28 was cultured in yeast extract-
peptone-glycerol-D_glucose (YPGD, yeast extract 5 g/l,
peptone 5 g/l, glycerol 5 g/l, D-glucose 5 g/l) agar and
broth for 24-48 hours at 35°C to observe the bacterial shape
and cells under the microscope. Gram stain, catalase, and
oxidase tests were conducted

Study of the suitable proportion of ethanol to be added
to the acerola juice

The experiment was designed according to completely
random design (CRD), with one factor, five levels
(proportion of ethanol added (4, 5, 6, 7, 8% v/v)) and three
replications. °Brix, pH, and cell density of the acerola juice
were adjusted based on the suitable conditions selected from
the previous section, and were supplied with a percentage
of ethanol as experimental design. The amount of acid, pH
value, and amount of total sugar were determined during 7
days of fermentation in aerobic conditions at 35°C.

Study of the suitable levels of °Brix, pH, and cell
concentration for vinegar fermentation

The experiment was designed according to CRD, with
3 factors, 3 levels, and 3 replications: °Brix (15, 20, 25);
pH (3.5, 5, 6.5); cell concentration (10°, 105, 107 cell/ml).
A. senegalensis A28 was cultured in a YPGD medium
for 48 hours at 30°C, and the acerola juice was diluted

with distillated water at a ratio of 1:4. °Brix, pH, and cell
density were adjusted according to the experimental design,
sterilised with NaHSO, (140 mg/l), and supplied with 4%
(v/v) ethanol. The amount of acid amount, pH value, and
amount of total sugar were determined during 7 days of
fermentation in aerobic conditions at 35°C.

Study of vinegar fermentation with a working volume
of 100 ml

The experiment was designed according to CRD with
3 levels of temperature: 35°C, 37°C and 39°C, and 3
replications. °Brix, pH, cell density, and the percentage
of ethanol in the acerola juice were adjusted based on the
suitable conditions selected from the previous sections.
The prepared acerola juice with a volume of 100 ml was
incubated at 35°C, 37°C, and 39°C. The amount of acid, pH
value, and amount of total sugar were determined during 7
days of fermentation in aerobic conditions.

Study of vinegar fermentation with a working volume
of 2 litres

The experiment was designed according to CRD with
3 levels of temperature: 35°C, 37°C and 39°C, and 3
replications. °Brix, pH, cell density, and the percentage
of ethanol in the acerola juice were adjusted based on the
suitable conditions selected from the previous sections.
The prepared acerola juice with a volume of 2 litres was
incubated at 35°C, 37°C, and 39°C. The amount of acid, pH
value, and amount of total sugar were determined during 7
days of fermentation in aerobic conditions.

Study of vinegar fermentation with working volume of
20 litres

The experiment was designed according to CRD with 2
levels of temperature (37°C and 39°C) and 3 replications.
°Brix, pH, cell density, and the percentage of ethanol in the
acerola juice were adjusted based on the suitable conditions
selected from the previous sections. The prepared acerola
juice with a volume of 20 litres was incubated at 37°C and
39°C. The amount of acid, pH value, and amount of total
sugar were determined during 7 days of fermentation in
aerobic conditions.

Acerola vinegar products with the working volumes
of 2 litres and 20 litres underwent preliminary analysis
using quality indicators following Vietnam’s standard No.
3215:79. This included: sensory evaluation (colour, odour,
and clarity) by 10 people, as well as pH, amount of retentive
ethanol, and amount of total acid amount.
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Data analysis

The results of these experiments were calculated using
Microsoft Excel 2013 (Microsoft Inc., USA) software
and statistically analyzed using Statgraphic Centurion XV
(Statgraphics Technologies Inc., USA).

Results and discussion

Morphological and biochemical characteristics of A.
senegalensis A28

The colonies of bacteria were circular, convex, opaque,
and beige, and the cells were coccoid when observed under
the microscope. The results of the Gram stain, oxidase,
and catalase tests showed that A. semnegalensis A28 is
Gram negative, oxidase negative, and catalase positive. In
summary, the morphological and some of the biochemical
characteristics of A. senegalensis A28 are completely
suitable with previous studies of such colonies: circular,
convex, opaque, beige, coccoid cells; Gram negative,
oxidase negative, and catalase positive [7].

The suitable proportion of ethanol to be added for
vinegar fermentation

The initial acerola juice was acidic so it had a lower
amount of total acid (3.6% (w/v) and 0.3% (w/v), in turn)
and a higher pH value after we adjusted to pH 6.5. Moreover,
the amount of total sugar in the juice after we adjusted
20°Brix doubled in comparison to what it had been initially
(62.1 g/l and 116.5 g/l). The results of the experiments with
4,5,6,7,and 8% (v/v) ethanol added to the prepared acerola
juice are presented in Fig. 1.
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Fig. 1. Total acid production by A. senegalensis A28 at different
ethanol concentrations.

In almost all the treatments, the amount of acid produced
increased from the 1 day to the 4™ day and decreased in the
last 3 days, especially, the treatment that had 4% ethanol
added. Following 7 days of fermentation, 4. senegalensis
A28 in the acerola juice containing 4% (v/v) ethanol
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produced a larger amount of acid than the other treatments;
the highest amount of acid produced was 6.02% (w/v) on
the 4" day. The pH value dropped dramatically compared to
the initial value (ranging from 4.18 to 3.59 on the final day).
The total amount of sugar used in all these treatments was
not particularly high (from 13.09 g/l to 11.03 g/l). These
results were also suitable with studies of the supplemented
the YPGD medium with 4% ethanol [3]. However, the
treatment that added 2% and 3% ethanol (v/v) will need to
be studied in order to understand more clearly the suitable
percentage of ethanol for this strain to grow in acerola
juice. In summary, the research supports the finding that
the treatment that adds 4% ethanol (v/v) is the suitable
concentration (with the acid produced amounting to 6.02%
w/Vv).

The suitable conditions for vinegar fermentation

The results of testing different conditions over 7 days of
fermentation are shown in Fig. 2. The surface plotting was
constructed using Statgraphics software.

Fig. 2. Surface plotting of acetic acid production.

The final equation in terms of coded factors: Acid
content=-19.4669+1.997xX+(0.798333xY~+0.449444%6.5-
0.0468xXxX+0.019xXxY-0.0288333xXx6.5-
0.0825xYxY-0.0316667xY x6.5+0.0488889%6.5%6.5-
0.0005xXxYx6.5

Here, X is the concentration of sugars and Y is cell
density. The results were obtained after solving the equation
X=20.26°Brix, Y=10° cells/ml. As a result, the optimal
condition for fermentation was determined as 20.26°Brix
(concentration of sugars), initial pH 6.5, and 10° cells/
ml (cell density). The highest amount of acid produced
was 5.88% (w/v). After fermentation, the pH values were
reduced. However, thermotolerant bacteria can grow in
pH conditions ranging from 3.0 to 7.7. In addition, the
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optimal fermentation conditions for acerola vinegar in
this experiment were similar to the conditions for the
fermentation of banana vinegar: the highest acetic acid level
obtained was 4% (v/v) after 6 weeks of fermentation at 37-
38°C in a medium containing 5% ethanol (v/v), 20.62 g/l
used sugars, and 10° cells/ml [8].

Vinegar fermentation at 35°C, 37°C, and 39°C with a
working volume of 100 ml

The results of fermentation with A. senegalensis A28
in 100 ml of prepared acerola juice are presented in Fig.
3. The amount of total acid of treatments incubated at
35°C and 37°C was much higher than others. Indeed, 4.
senegalensis A28 incubated at 35°C produced the largest
amount of acid on the 4" day of fermentation (5.45%
w/v); while for the incubation of bacteria at 37°C, the
highest amount of acid produced 5.4% (w/v) on the 5" day
because when incubating at 37°C, bacteria need more time
for their development and growth. In order to save both
time for fermentation costs of production for treatment at
35°C, day 4 was selected, as the amount of acid produced
then was greater than on the other days. Moreover, the pH
value after 7 days of fermentation decreased considerably
compared to the initial values (3.19 for the 37°C treatment,
and 3.68 for the 35°C treatment). The amount of sugar
used for treatments incubated at 35°C and 39°C was very
low (11.37 g/l and 14.31 g/1, respectively). In comparison,
2.52% (w/v) of acid was achieved from A. tropicalis DK4
after 7 days of fermentation in YPGD containing 4% (v/v)
ethanol at 39°C. That is, the amount of acid produced in
this study was much higher [9]. This research shows that
the fermentation capacity of A. senegalensis at three levels
of temperatures, 35°C, 37°C, and 39°C. 35°C was the most
suitable temperature for the fermentation of acerola juice.

6 -
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Fig. 3. Total acid production by A. senegalensis A28 at a working

volume of 100 ml.

Vinegar fermentation at 35°C, 37°C, and 39°C at a
working volume of 2 litres

The fermentation results of A. senegalensis A28 in 2
litres at 35°C, 37°C, and 39°C over 7 days are presented in
Fig. 4. The amount of acid for treatment at 35°C was always
higher than two other treatments during fermentation, and,
at 35°C, the highest amount of acid was produced on the
4™ day (4.9% w/v). However, the amount acid produced in
the two treatments at 37°C and 39°C increased from day 1
to day 5 and decreased over the last two days because the
bacteria needed time for development and growth. Thus, as
with the above experiment, the amount of acid on the 4%
day was selected. Moreover, on the 5" day of fermentation,
the amount of acid produced was 4.7% (w/v). Subsequently,
the range of pH values at the three levels of temperature was
3.58 to 4.01 over 7 days of fermentation. With treatment
at 35°C, the amount of sugar used by the bacteria was the
lowest (9.9 g/1). In addition, the most suitable temperature
for A. senegalensis A28 was 28°C [7]. Previous works show
that when the temperature increases, the amount of acid
produced decreases [1, 10]. Thus, we see that at 35°C, the
amount of acid produced was the largest; it decreased when
temperature was increased to 37°C and 39°C. In conclusion,
experiment shows the fermentation capacity of bacteria
at temperatures of 35°C, 37°C, and 39°C at the working
volume of two litres.

According to the experiments at the working volume of
100 ml and 2 litres, 35°C was the suitable temperature level
for fermentating with acerola juice and A. senegalensis A28.
However, at 37°C and 39°C, this strain also demonstrated
good fermentation capacity and good ability for growth. The
purpose of these experiments was to test the fermentation
ability of 4. senegalensis A28 at high temperatures; hence,
these two temperatures were selected for fermentation at a
larger scale.

Acid concentration (% wiv)
w
|

—
I

0 1 2 3 4 s 5 7
Time (days)
—h—350C 370C 390C
Fig. 4. Total acid production by A. senegalensis A28 at a working

volume of 2 litres.
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Vinegar fermentation at 37°C and 39°C at a working
volume of 20 litres

A. senegalensis A28 was fermented with 20 litres of
prepared acerola juice, and incubated at 37°C and 39°C in
aerobic conditions for 7 days. The results are presented in
Fig. 5. Over 7 days of fermentation, 4. senegalensis A28
produced a higher amount of acid when incubated at a
working volume of 20 litres at 37°C (3.68% (w/v) on day
5) in comparison to incubation at 39°C. The amount of acid
increased from the 1* day to the 5" day, and decreased over
the last 2 days; thus, on days 6 and 7, the amounts of ethanol
and sugar were not enough for the bacteria to use for growth
and to produce acid.

4
351
3 4

2.5 4

Acid concentration (% w/v)
[3¥]
.

O T T T T T T 1
0 1 2 3 4 5 6 7

Time (days)
—k—379C 39°C
Fig. 5. Total acid production by A. senegalensis A28 at a working
volume of 20 litres.

At the two levels of temperature, the highest amount of
acid was produced on the 5" day of fermentation, so day
5 was selected. The pH value of acerola juice declined
dramatically compared to what it had been initially (both
3.52 for the two treatments on the final day). as the amount
of sugar used by the bacteria with treatment at 37°C was
lower (7.79 g/l). This experiment illustrates that at 37°C,
A. senegalensis A28 has better fermentation capacity. In
comparison with the working volume of 100 ml and 2 litres,
the amount of acid produced with the working volume of
20 liters was continuously lower because of the aerobic
condition for the fermentation of acetic acid bacteria [11].
Indeed, when bacteria were incubated at larger scale,
the surface that was in contact with the atmosphere was
decreased, leading to a decline in the amount of acid.

In addition, for acerola vinegar products at a working
volume of 2 litres and 20 litres, sensory evaluation by 10

SEPTEMBER 2018 ¢ VOL.60 NUMBER 3
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people was undertaken, as was analysis of pH, the amount
of acid, and the amount of retentive ethanol. The results
of physical and chemical indicators show that the pH and
the amount of acid produced correlate with each other.
The highest amount of acid produced in five treatments
was 5.9% (w/v). The amount of acid in the vinegar was
equivalent to that of some vinegar products in supermarkets,
such as apple vinegar, rice fermented vinegar, and the like
(approximately 4-7% acid, depending on the products).
In addition, the amount of retentive ethanol in the acerola
vinegar products was very low (the largest was 0.032%);
thus, it would not affect consumers’ health. The results of
the sensory evaluation following TCVN 3215:79 in almost
all treatments showed a general score that was higher
than 15.2. This means that acerola vinegar products were
evaluated as being of ‘moderately good’ quality. However,
treatment at 39°C at a working volume of 2 litres obtained
a score of 13.0, that is, a ‘medium’ standard of quality.
Moreover, acerola vinegar products that were incubated at
37°C at working volumes of 2 litres and 20 litres attained
higher scores than the others.

Conclusions

The addition 0f 4% (v/v) ethanol to acerola juice (pH 6.5,
20°Brix), initial bacterial cell density of 10° cells/ml, and a
fermentation temperature of 35°C are suitable conditions
for acerola vinegar fermentation using A. senegalensis
A28. The amounts of acid at 5.45% (w/v) and 4.90% (w/v)
were achieved at working volumes of 100 ml and 2 litres,
respectively, after 4 days of fermentation. The amount of
acid at a working volume of 100 ml was 5.4% (w/v) and at
a working volume of 2 litres was 4.7% (w/v). The acerola
juice was fermented for 5 days at 37°C. At a working volume
of 20 litres, the highest amount of acid was 3.68% (w/v)
when incubated for 5 days at 37°C. In addition, evaluation
of organoleptic, physical, and chemical indicators illustrate
that treatment at 37°C produced a delicious product that is
suitable for the tastes of consumers.
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Abstract:

In this paper, we present a model-based learning

for brain tumour segmentation from multimodal
MRI protocols. The model uses U-Net-based fully
convolutional networks to extract features from a
multimodal MRI training dataset and then applies
them to Extremely randomized trees (ExtraTrees)
classifier for segmenting the abnormal tissues
associated with brain tumour. The morphological
filters are then utilized to remove the misclassified
labels. Our method was evaluated on the Brain Tumour
Segmentation Challenge 2013 (BRATS 2013) dataset,
achieving the Dice metric of 0.85, 0.81 and 0.72 for
whole tumour, tumour core and enhancing tumour
core, respectively. The segmentation results obtained
have been compared to the most recent methods,
providing a competitive performance.

Keywords: brain tumour, convolutional neural network,
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Introduction

Accurate brain tumour segmentation plays a key role
in cancer diagnosis, treatment planning, and treatment
evaluation. Since the manual segmentation of brain
tumours is laborious, the development of semi-automatic
or automatic brain tumour segmentation methods makes
enormous demands on researchers [1]. Ultrasound,
computed tomography (CT) and magnetic resonance
imaging (MRI) acquisition protocols are standard image
modalities that are used clinically. Many previous studies
have shown that the multimodal MRI protocols can be
used to identify brain tumours for treatment strategy, as
the different image contrasts of these MRI protocols can
be used to extract important complementary information.
The multimodal MRI protocols include T2-weighted fluid-
attenuated inversion recovery (FLAIR), T1-weighted (T1),
T1-weighted contrast-enhanced (Tlc) and T2-weighted

(T2).

Inrecent years, an annual workshop and challenge, called
Multimodal Brain Tumour Image Segmentation (BRATS),
is held to different benchmark methods that have been
developed to segment the brain tumour [2]. The previous
studies on brain tumour segmentation can be categorised
into unsupervised learning [3] and supervised learning [4,
5] methods. We only reviewed some of the most recent and

closely relevant studies to our method.

Unsupervised learning-based clustering has been

successfully applied for the brain tumour segmentation.
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In [3], the Szilagyi group proposed a multi-stage c-means
framework for segmenting brain tumours using multimodal
MRI scans and received promising results, although limited

by the considered scope of the data.

On the other hand, supervised learning-based methods
demand a pair of training data and its label to train a
classifier that can then be segmented new data without
training. Pinto, et al. [4] proposed an algorithm based on
a random decision forest (RDF), using a k-fold cross-
validation approach. They extracted features for RDF which
is intensity complemented and context based features for
every voxel represented. Morphological filters were used for
post-processing to reduce misclassification errors. Recently,
Soltaninejad, et al. [5] applied extremely randomized
trees (ExtraTrees) [6] classification with superpixel based
segmentation using a single FLAIR scan in four modalities
of MRI dataset. Their results achieved an overall 0.88 Dice
score of the complete tumor segmentation for both high-
grade glioma (HGG) and low-grade glioma (LGG) cases.
However, the final segmentation of this method could be
influenced by the final delineation caused by the tuning
of superpixel size. Additionally, the Soltaninejad group
[7] presented a different method by using random forests
classifier to segment the brain tumour. This method is based
on the features extracted from a fully convolutional neural
network (FCN), namely FCN-8s architecture.

Besides, our previous method [8] trained ExtraTrees
classifier for brain tumour segmentation based on a region
of interest (ROI) of tumour in FLAIR sequence. This
method obtained a 0.9 Dice score of the complete tumour
but received a low score of enhancing and core tumour with
the BRATS 2013 dataset [2].

In the recent years, a lot of researchers have used the
convolutional neural networks (CNNs) to classify images,
specifically deep CNNs, which makes it possible to train
extremely deep neural networks from the random initialised
weights with complex and big data. The deep CNNs are
constructed by combining many convolutional layers,
which convolve an image with kernels to extract features
that are more robust and adaptive for discriminative models.

Currently, various deep learning methods have achieved the

high score in BRATS challenges [9-11]. A detailed review
of various medical image classification, segmentation, and
registration methods can be found in[12]. Biomedical images
have many patterns of the object such as the tumours, and
their intensities are usually variable. Ronneberger, et al. [ 13]
developed the U-Net-based fully convolutional networks
(FCNs), which consist of a down-sampling (encoding)
pathway and an up-sampling (encoding) pathway with
residual connections between the two that concatenate
feature maps at different spatial scales in order to segment
the cell cancer. Based on the original U-Net architecture,
some groups [14, 15] proposed a method for brain tumour
segmentation and achieved the competitive performance of
those built models with BRATS datasets.

However, there are still several challenges: (1) most
methods obtain the promising results for HGG cases, but
the performance of LGG cases is still poor; (2) especially,
the segmentation of enhancing and core tumor always has
a low score compared to complete tumor score; (3) finally,
the demand for reducing computation time and memory is

still unsatisfied.

In this study, we propose a novel segmentation method
that uses the U-Net architecture [13] to extract features
and then inputs these to train ExtraTrees classifier [8].
Furthermore, we apply a simple filter in a postprocessing

step to eliminate misclassified labels.

Methods

Discriminative models create a decision function that
describes the input vectors and assigns each vector to a
class. The decision function aims to make the needful
informational relation based on the training samples.
Additionally, the performance of segmentation depends on
the quality of the input data and the extraction of effective
features. The models for segmentation tasks create the
relational space based on the intensity information of input

images to ground truth images.

The general structure of our model is shown in Fig. 1. In
the following part, we will describe the role of each part of

brain tumour segmentation.

SEPTEMBER 2018 e VOL.60 NUMBER 3
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Fig. 1. The proposed discriminative model.

Dataset

The proposed method is trained and validated on the
BRATS 2013 dataset [2], which consists of 30 patient MRI
scans, of which 20 are HGG and 10 are LGG. Each patient
has four MRI sequences including FLAIR, T1c, T2 and T1.
This dataset with multimodal MRI data has already been
skull-stripped, registered into the T1c scan and interpolated
into IxIx1 mm® with a sequence size of 240%x240x155.
Moreover, the ground truth images of dataset were manually
labeled into four types of intra-tumoral classes (labels):
I-necrosis (red), 2-edema (green), 3-non-enhancing (blue)
and 4-enhancing tumour (yellow) and the others are
0-normal (healthy) tissue (black) as shown in Fig. 2 (GT).
The ground truth data have been used in two steps: model

training and performance evaluation for final segmentation.

Pre-processing

Fig. 2. Four MRI modalities and their ground truth from HGG
patient.
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In this study, we applied the N4ITK method [16]
to reduce inhomogeneity in MR images. A histogram
normalisation method [17] was then employed to ensure
that addresses data heterogeneity caused by multi-scanners
acquisitions of MR images. Finally, the intensities of each
MRI sequence were normalised by subtracting the average
of intensities of each sequence and then dividing them by
its standard deviation. Fig. 2 shows the sample of four MRI
modalities and their ground truth from HGG patient 0001
after pre-processing.

U-Net based deep convolutional neural networks

Our network is similar in spirit to the U-Net [14], which
is different from the original U-Net [11]. The U-Net [14]
described in Fig. 3 uses the deconvolution operator instead
of an up-sampling operator in the decoding pathway and
applies zero padding to keep the same resolution of output
images as the input images. Therefore, the network does not
need a cropping operator of the border regions. Every block
in the encoding pathway has two convolutional layers with
a 3x3 filter, a stride of 1 and rectified linear unit (ReLU)
activation, which increases the number of feature maps
from 1 to 1024. For the down-sampling, max pooling with
stride 2x2 is used to the end of every block except the last
block. Therefore, the size of feature maps decrease from
240%240 to 15x15. In the decoding pathway, every block
starts with a deconvolutional layer with same size filter in
the decoding pathway and a stride of 2x2, which doubles
the size of feature maps in both directions but decreases the

number of feature maps by two. Thus, the size of feature

maps increases from 15%15 to 240x%240. In every up-
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Fig. 3. The U-Net architecture [14].

sampling block, two convolutional layers reduce a half of

the feature maps after concatenating the deconvolutional
feature maps and the feature maps from the encoding path.

Our proposed network is then added to the batch
normalization [18] layer after each convolutional layer for
regularization purposes.

Feature extraction

Image processing provides many algorithms for the
extraction of characteristics from images. In the field of
biomedical image analysis, many studies are trying to find
the tumour characteristics with a high correlation to the
appearance of the brain images. Nonetheless, no proper
feature sets have been extracted yet, which is why various
groups need to use a large feature set based on many feature
extraction methods such as texture features, spatial context
features and higher order operators.

The U-Net model uses the powerful CNN to filter the
useful features from input data in encoding pathway and
then embeds these features in the output map with the same
position in the decoding pathway. It makes the collected
features easier to calculate for the next step or compare with
the desired output. In this study, we extracted the features
in all MRI protocols from the U-Net model, but we did not
obtain the output of the model from a top layer, as it was only

two values. We collected the features from the convolutional
layer next to the concatenated layer in the final block of the

decoding pathway as shown a red rectangle in Fig. 3. This

Fig. 4. Feature maps from four MRI multimodalities.
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output has 64 feature maps with the size of 240x240 and
total parameters of 73792 for each image of MRI scans. Fig.
4 shows the feature maps of each image of FLAIR, Tlc, T2
and T1 sequences extracted from the U-Net model.

Training set and test set

From the BRATS 2013 dataset, we used the first half
of HGG and LGG cases with all MRI modalities for the
training set and the second half of dataset including 10
HGG and 5 LGG cases to evaluate the performance of our
method. In this study, the HGG and LGG training sets are
combined, trained and cross-validated together.

Classifier

In our method, the Extremely Randomized Trees
(ExtraTrees) [6] classifier is the main part of the brain
tumour segmentation system. In our previous work [8], we
had described the reason for choosing this classifier with the
following advantages:

- High accuracy
- Easy handling of large datasets

- Estimating feature importance.

In the ExtraTrees classifier, the splitting rule differs from
the Random Decision Forests in how the randomness is
applied to choose the cut-points for each candidate feature
during the training. It means that a single threshold is chosen
at random instead of searching the best threshold for each
feature. This classifier usually allows to reduce the variance
of the model a bit more. Thus, it can provide slightly better
results than the Random Decision Forests.

The main parameters of the ExtraTrees classifier are
the number of trees, depth of tree and the set of attributes
(K) that performs the random split. For the classification
tasks, the optimum value of K is K=\n, with n being the
total number of features; in our study, K=16. After that
calculation, we tuned the other parameters with different
number of trees and depths of the tree on the training set
and evaluated the accuracy of classification. The highest
accuracy was achieved with the number of trees N =50
and depth D, =15 as in [7]. Finally, the ExtraTrees classifier
was trained by combining the features extraction described
above to a 256-dimensional feature vector.

SEPTEMBER 2018 ¢ VOL.60 NUMBER 3
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Postprocessing

Our model is applied without a priori information about
the classified objects; hence, the obtained results have to be
refined by postprocessing. In this step, we employ simple
morphological filters including dilation and erosion with a
structuring element of a 3%3 square to remove small false
positives (the misclassified labels or ‘salt’ noises) in the
segmented image while keeping the large tumorous regions
unaffected.

Performance evaluation

The final step of segmentation is an evaluation of the
obtained results. In this study, we evaluate the tumour
segmentation on three sub-tumoral regions, following [2],
which are the enhancing tumour, the core (necrosis + non-
enhancing tumour + enhancing tumour) and the complete
tumour (all classes combined), by using the measurements
in Dice coefficient and Sensitivity [19]. The Dice score
provides the overlap measurement between the ground truth
images from the BRATS 2013 dataset and the segmentation

results of our proposed method:

. 2rp
fhice = ——— (1
FR2TBAPN

in which, TP, FP and FN denote the true positive, false
positive and false negative measurements, respectively.

Additionally, sensitivity is used to determine the number
of TP and FN:
™

Semsitivity = —— )

Results and discussion

In this study, we proposed using the ExtraTrees classifier
with features learned from U-Net-based fully convolutional
neural networks for solving the brain tumour segmentation
challenge. For HGG and LGG training sets, the images
were selected from each MRI sequence that depends on
their ground truth’s energy with a threshold value of HGG
greater than LGG. Therefore, this step helped in reducing
the number of images that are put into the U-Net model to
extract features for training data.

Our U-Net model and ExtraTrees classifier were
implemented in Keras [20] with a TensorFlow [21]
backend and open source library provided by [22]. The
best advantage of our proposed method is that the training
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Table 1. Dice and sensitivity scores of our proposed method compared to the results from other groups recently published random
forests, ExtraTrees and U-Net based methods for the BRATS 2013 dataset.

Dice score Sensitivity
Method
Complete Core Enhancing Complete Core Enhancing
Proposed 0.85 0.81 0.72 0.87 0.85 0.82
Pinto [4] 0.86 0.71 0.74 0.82 0.66 0.72
Soltaninejad [7] 0.88 0.80 0.73 0.89 0.77 0.70
Our previous [8] 0.90 0.63 0.61 0.87 0.72 0.65
Dong [14] 0.86 0.86 0.65 0.88 0.90 0.78
FLAIR Segmentation Ground Truth FLAIR Segmentation Ground Truth

HGG

' B

Fig. 5. Segmentation results for the HGG and LGG cases compared to their ground truth.

time is only around one hour, but for the prediction, the
computation time is about 3—4 minutes per case. Compared
to some studies, our computational time is more efficient
than [7-8] and less efficient than [14].

The results of our proposed model and the recent state-
of-the-art methods validated on the BRATS 2013 dataset
is shown in Table 1. These results are uploaded on the
BRATS 2015 server, which evaluates the segmentation
and provides measurements in Dice and sensitivity scores
of whole tumour, tumour core and enhancing tumour core.
Table 1 shows that our method achieves competitive results
in the Dice score and performs slightly better in sensitivity
measurement for all types of brain tumour with the smaller
data for learning.

Figure 5 shows some examples of our qualitative

overlaid segmentation results for both HGG and LGG
cases on FLAIR MR images compared to the ground truth
images. The segmented results are coloured as described in
the Dataset section.

Due to the limitation of computational resource, our
proposed model is only trained and evaluated on the BRATS
2013 dataset, which contains much less HGG and LGG
patient cases than the BRATS 2015 dataset. Furthermore,
our model segmenting the enhancing tumour for LGG cases
is less successful than for HGG cases because there are
fewer LGG cases than HGG cases and because most of the
LGG cases rarely have regions of enhancing tumour.

Conclusions

In this paper, we developed a learning-based automatic
method for brain tumour segmentation in MR images.

SEPTEMBER 2018 e VOL.60 NUMBER 3



This method used the features extracted from the U-Net-
based deep convolutional networks and applied them to
the ExtraTrees classifier as the input data. Additionally,
we refined the segmentation results by removing the false
labels using the simple morphological filters. Based on the
BRATS 2013 dataset, in comparing to other state-of-the-art
methods, we demonstrated that our approach can achieve
comparable results with average Dice scores of 0.85, 0.81
and 0.72 for whole tumour, tumour core and enhancing
tumour core, respectively.

ACKNOWLEDGEMENT

This research was carried out in part at the Saijo
Laboratory of Professor Yoshifumi Saijo, Department of
Biomedical Engineering, Tohoku University. This research
is funded by Vietnam National Foundation for Science
and Technology Development (NAFOSTED) under grant
number 103.03-2016.86.

REFERENCES

[1] S. Bauer, R. Wiest, L.P. Nolte, and M. Reyes (2013), “A
survey of MRI-based medical image analysis for brain tumor studies”,
Physics in Medicine and Biology, 58, pp.97-129.

[2] B.H. Menze, et al. (2015), “The multimodal brain tumor image
segmentation benchmark (BRATS)”, IEEE Transitions on Medical
Imaging, 34(10), pp.1993-2024.

[3] L. Szilagyi, L. Lefkovits, and B. Benyo (2015), “Automatic
Brain Tumor Segmentation in multispectral MRI volumes using a
fuzzy c-means cascade algorithm”, The 12" International Conference
on Fuzzy Systems and Knowledge Discovery (FSKD), pp.285-291.

[4] A. Pinto, S. Pereira, H. Dinis, C.A. Silva, and D.L.M.D
Rasteiro (2015), “Random decision forests for automatic brain
tumor segmentation on multi-modal MRI images”, Bioengineering
(ENBENG) IEEE 4th Portuguese Meeting on IEEE, pp.1-5.

[S] M. Soltaninejad, G. Yang, T. Lambrou, N. Allinson, T.L.
Jones, T.R. Barrick, F.A. Howe, and X. Ye (2017), “Automated brain
tumor detection and segmentation using superpixel-based extremely
randomized trees in FLAIR MRI”, International Journal of Computer
Assisted Radiology and Surgery, 12(2), pp.183-203.

[6] P. Geurts, D. Ernst, and L. Wehenkel (2006), “Extremely
randomized trees”, Machine Learning, 63(1), pp.3-42.

[7] M. Soltaninejad, L. Zhang, T. Lambrou, N. Allinson, and
X. Ye (2017), “Multimodal MRI brain tumor segmentation using
random forests with features learned from fully convolutional neural
network”, arXiv preprint arXiv:1704.08134v1.

[8] H.T. Le, H.T.T. Pham and H.H Tran (2018), “Automatic brain
tumor segmentation using extremely randomized trees”, Journal of
Science and Technology (Technical Universities) (accepted).

SEPTEMBER 2018 ¢ VOL.60 NUMBER 3

PHYSICAL SCIENCES | ENGINEERING m

[9] S. Pereira, A. Pinto, V. Alves, and C.A. Silva (2016), “Brain
Tumor Segmentation using Convolutional Neural Networks in MRI
Images”, IEEE Transactions Medical Imaging, 35(5), pp.1240-1251.

[10] M. Havaei, A. Davy, D. Warde-Farley, A. Biard, A. Courville,
Y. Bengio, C. Pal, PM. Jodoin, and H. Larochelle (2017), “Brain
tumor segmentation with Deep Neural Networks”, Medical Image
Analysis, 35, pp.18-31.

[11] K. Kamnitsas, C. Ledig, V.F.J. Newcombe, J.P. Simpson,
A.D. Kane, D.K. Menon, D. Rueckert, and B. Glocker (2017),
“Efficient multi-scale 3D CNN with fully connected CRF for accurate
brain lesion segmentation”, Medical Image Analysis, 36, pp.61-78.

[12] G. Litjens, T. Kooi, B.E. Bejnordi, A.A. Setio, F. Ciompi, M.
Ghafoorian, J.A.W.M. van der Laak, B.V Ginneken, and C.I. Sanchez
(2017), “A survey on deep learning in medical image analysis”,
Medical Image Analysis, 42, pp.60-88.

[13] O. Ronneberger, P. Fischer, and T. Brox (2015), “U-Net:
Convolutional networks for biomedical image segmentation”,
Medical Image Computing and Computer-Assisted Intervention,
9351, pp.234-241.

[14] H. Dong, G. Yang, F. Liu, Y. Mo, and Y. Guo (2017),
“Automatic brain tumor detection and segmentation using U-Net based
fully convolutional networks”, arXiv preprint arXiv:1705.03820v3.

[15] A. Beers, K. Chang, J. Brown, E. Sartor, C.P. Mammen, E.
Gerstner, B. Rosen, and J.K. Cramer (2017), “Sequential 3D U-Nets
for biologically-informed brain tumor segmentation”, arXiv preprint
arXiv:1709.02967v1.

[16] N.J. Tustison, B.B. Avants, P.A. Cook, Y. Zheng, A. Egan,
P.A. Yushkevich, and J.C. Gee (2010), “N4ITK: Improved N3 bias
correction”, [EEE Transactions Medical Imaging, 29(6), pp.1310-
1320.

[17] C.P. Loizou, M. Pantziaris, C.S. Pattichis, and I. Seimenis
(2013), “Brain MR image normalization in texture analysis of
multiple sclerosis”, Journal of Biomedical Graphics and Computing,
3(1), pp.20-34.

[18] S. Ioffe, and C. Szegedy (2015), “Batch normalization:
Accelerating deep network training by reducing internal covariate
shift”, The 32" International Conference on Machine Learning, 317,
pp-448-456.

[19] D.M. Powers (2011), “Evaluation: from precision, recall
and F-measure to ROC, informedness, markedness and correlation”,
Journal of Machine Learning Technologies, 2(1), pp.37-63.

[20] F. Chollet, and others (2015), “Keras”, GitHub, https:/
github.com/keras-team.

[21] https://www.tensorflow.org/

[22] F. Pedregosa, G. Varoquaux, A. Gramfort, V. Michel, B.
Thirion, O. Grisel, M. Blondel, P. Prettenhofer, R. Weiss, V. Dubourg,
J. Vanderplas, A. Passos, D. Cournapeau, M. Brucher, M. Perrot, and
E. Duchesnay (2011), “Scikit-learn: Machine learning in Python”,
Journal of Machine Learning Research, 12, pp.2825-2830.



m PHYSICAL SCIENCES | ENGINEERING

Experimental and numerical analysis of the
unreinforced and reinforced notched timber

beam by a screw

Van Dang Tran', Dong Tran? Marc Oudjene®

!Division of Transportation, Faculty of Civil Engineering,
Thuyloi University, Vietnam
’Division of Engineering Geology, Faculty of Bridge and Road Engineering,
National University of Civil Engineering, Vietnam
SLERMAB, Lorraine University, France

Received 15 May 2018; accepted 1 August 2018

Abstract:

Timber is highly anisotropic. It behaves differently
in diverse directions. Tension and compression
perpendicular to the grain present a low strength
with respect to the ones parallel to the grain. To
compensate for the lack, the self-tapping screw is

an excellent choice for reinforcing the timber. This
paper focuses on the notched timber beam with

the experimental and numerical results. In the first
part, the experimental results of the unreinforced
notched beams and the screw reinforced notched
beams under bending load will be presented. The
second part describes a numerical study in which a 3D
finite element (FE) model and a fast FE model of the
notched beam reinforced by a self-tapping screw are
realised. In particular, the fast FE model is simplified
with the use of the screw’s model as a beam element
having one translational degree of freedom. This
model not only presents a good result in comparison
with the experiment as well as the 3D FE model but
also requires six times less computational times as
compared to the 3D FE model.

Keywords: cohesive zone, finite element method, self-
tapping screw, timber behaviour.

Classification number: 2.3
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Introduction

Timber structure is mainly used in construction due to its
outstanding properties such as high resistance and stability,
aesthetic and, in particular, environment-friendly. However,
timber behaves weakly in the direction perpendicular to the
grain. Hence, its performance in the direction should be
optimised to obtain a good global resistance of the timber
structure. Various techniques with the aim of increasing the
strength of timber structures have been used. These include
the use of elements made from timber, iron, steel, aluminium,
concrete and the more recent laminated timber, epoxy resins
fibber reinforced polymers (FRP). The performance of
timber can be extended by adding the steel elements at zones
where the timber is weak or the timber can be reinforced
by the manufactured technique of gluing several timber
lamellas such as the glued laminated timber and the cross-
laminated timber. On the other hand, FRP is used because
it has several advantages, such as being easily applicable
and suitable for the strengthening of timber elements under
bending, connections between different elements, local
bridging where defects are present, confining local rupture
and preventing crack opening. The other solution is the
use of epoxy resins as adhesives for the strengthening of
extremities of the beam, the filling of hollow sections due
to biotic attack and the in situ strengthening of floor beams.
However, all these methods require materials with high cost,
which are not common, especially in Vietnam. Self-tapping
screws become the first choice because of their economic
advantages and comparatively easy handling. The European
Standard EN 1995-1-1 [1] presents the requirements for
self-tapping screws. The literature review shows that the
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research works about reinforcement are mostly focused
on testing reinforcement materials and the development of
alternative methods [2-10]. Extremely less attention was
paid to the calculation methods predicting the load-carrying
capacity of reinforced structures and joints [11]. Therefore,
the need for the development of design methods arises,
as it is a key point to assess the strength and deformation
properties of reinforced structures and joints.

The present paper describes the experimental results
related to the reinforcement of a notched beam by screws
and a simplified finite element model to simulate the global
behaviour of self-tapping screw reinforcements in timber
structural elements and joints. The numerical methodology
has been applied successfully to simulate the load-slip
behaviour of timber connections [12-14]. Here, it is
presented and applied in the context of reinforcement of the
notched spruce beams. The obtained results are compared
with the experimental tests, showing good agreement.

Experimental results
Methodology

The beam specimens have been made from a spruce
timber, which has an average density of 420 kg/m® at the
moisture constant that fluctuated between 10% and 12%.
The experimental tests consist of two sets of notched beams:
unreinforced notched beams (Fig. 1A) and reinforced
notched beams (Fig. 1B).

100 F

Tiwr
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PR e

o Sanr
L

Fig. 1. Schematic illustration of the tested notched beams: (A)
unreinforced beams, (B) reinforced beams.

The reinforced notched beam is reinforced by one
screw at the perpendicular middle of the beam. As the
reinforcement of the screw should impact as soon as the
failure of the beam at the notch appears, the screw should
be as near to the notch as possible (Fig. 2A).
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The beams have a total length of 900 mm and a cross
section of 100 mm x 80 mm. For the reinforcement of
notches, a single threaded-screw of 100 mm length and 5
mm diameter was used (Fig. 2B).

Y
(A

(B)

Fig. 2. Reinforced notched beams with one screw.

The specimens were tested under the three-point bending
in a standard Instron machine (Fig. 3) with 150 kN load cell
capacity at the crosshead speed of 2 mm/min.

Fig. 3. Three-point bending test set-up.
Results

Fig. 4 and 5 display the experimental load-deflection
curves from the unreinforced and the reinforced beams,
respectively. Fig. 4 presents a brittle behaviour caused by
the damage of timber in transversal tension at the notch.
However, the curves from the reinforced beams in Fig.5
show a plastic behaviour after an initial elastic stage. The
beams’ performance in transversal tension is extended by
the reinforcement of the screw. That causes the appearance
of the elasto-plastic behaviour of the beams, and the damage
initiates at a later stage. From these figures, it can be
observed that the reinforced notches noticeably enhanced
the load-carrying capacity of the entire beams.
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Fig. 4. Experimental load-deflection curves from the
unreinforced beams.
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Fig. 5. Experimental load-deflection curves from the reinforced
beams.

Additionally, the failure of the reinforced specimens
shows less brittleness as compared to that of the unreinforced
specimens. The load carrying capacity values recorded from
all the beam specimens are summarised in Table 1, where it
can be seen that the one-screw reinforcement has delayed
the fracture of the notch details leading to the strengthening
of the timber beams by about 34%.

Table 1. Experimental results of the reinforced notched beam
and the unreinforced notched beam.

Tests F, (kN) F, (kN)

N° Reinforced Unreinforced
1 15.97 10.17

2 13.57 11.21

3 12.07 08.13

4 13.37 10.22

5 11.58 /

Mean 13.31 09.93

C.0.V (%) 11.7 6.72

Modelling of the screw reinforcement
Mechanical behaviour of materials

Timber is a natural material. In the ideal model, timber
can be considered as a homogeneous anisotropic material
in three main directions: the longitudinal direction L (z),
following the grain direction, the tangential direction T,
corresponding with the tangent of the medullary ray, and the
radial direction R, which is the centripetal direction (Fig.
6A, 6B).

Stress (N/mm?)

TensioninlL

Compression in L ‘:“

T
T A,
[—‘R L (©

Fig. 6. (A) Longitudinal and radial direction; (B) Orthogonal
direction: T and R; (C) Stress-deformation curve of timber in
different directions.

-\

(A) - (8) Deformation (%)

The mechanical behaviour of timber in different
directions is quite different. In tension according to
the grain, the timber is crushed. In contrast, when it is
compressed, the stress-strain curves appear as a flexible
term to the endurance point. However, the strength of the
wood subjected to the grain is significantly greater than that

of compression in different directions (Fig. 6C).

The elastic behaviour is estimated by the Hooke’s law,

as follows:

%E,_ e ""% 6 0 0
El |-y —1.'7/ 0 9 0 &y
ol 5 % °
g | '"E; "'rEl }{Er 0 0 0 | (1)
Y 0 0 ] }/m i} 0 |'m

{ g

Ya 0 0 0 0 }/1&' o |
Y ['4 LF)

0 0 0 0 @ }/zs

X ]

where, ¢: deformations in the main directions (I = L, T,
R); v,: angular deformations in the plans IJ (I, J = L, T,
R); o,: nominal stresses following the direction I; 7 : shear
stresses in the plan 1J; E : Young’s modulus according to the
direction I; G,;: Coulomb’s modulus according to the plan
LJ; v, : Poisson’s ratio according to the plan 1J.
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The behaviour of plasticity initiates as soon as the stress
reaches a threshold o, called elastic limit and is expressed
by a plastic criterion f.

The plastic criterion can be written by [15, 16]:

fp:||Q||_(R+O'e):O; R:%(l—e}m) o

where, QH is the standard of stress tensor; R is the stress
of isotropic hardening; A\ is the cumulative deformation of

plasticity; Q and b are the parameters of isotropic hardening.

The anisotropic plasticity is estimated by the Hill
quadratic criterion [17]. The criterion assumes that the
stress of isotropic hardening R is given by 0, so the equation
(2) becomes as follows:

f,=|e|-0.,=0=Jo:H:a-0,=0

mfﬂ:rn—ﬂr,]'+6(r:,—n'“]'+H(n“—trn}‘+ZLn;+llln;+2NE;=tr, 3)

FE G, H L, M, N are the Hill’s constants, estimated as
follows:

0{3 . — O-e . — GL’
SN e N oy = AN e
F

H 3
272 e’ 270
= or i ]

where, 6,, 6,, G, are the threshold stress in compression
according to the longitudinal, radial, tangential direction of
the grain, respectively, as estimated by the experiment.

T T T

R "L LR’

the plans RT, LT and LR, respectively, as estimated by the

are the threshold stress in shear according to

experiment.

During the bending test, the cracking initiates within
the notch detail of the beams and propagates along the
grain direction under the mode I crack growth. The bi-
linear traction-separation law was adequately used for the
mode I crack growth [18]. The parameters of the traction-
separation law to simulate cracking of timber under mode
I have been determined with an appropriate experimental
procedure based on the modified DCB test similar to that
used in [19, 20].

The linear traction-separation law is assumed to compose
of three states: the first is the linear elastic behaviour, the
second is the initiation of the damage and then, the last is the
evolution of the damage (Fig. 7).
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Fig. 7. Traction-separation behaviour.

The elastic behaviour can be estimated as follows:

E A H
e} |&, &, K. 15,)

where, 6, o and o, represent the stresses in the normal
and tangential directions, respectively. 5, 8 and o, are
the relative displacements (separations) in the normal and
tangential directions, respectively. K, is the rigidities in the
planij (i, j =n, s, t).

The quadratic maximum stress is selected to evaluate the
initiation of damage, as follows:

S

where, 6 °, 6 ¢ and 6 are the maximum stresses according to
the nominal and transversal directions.

The evolution of the damage is assumed to be a linear
displacement-based softening:

_{(1—1))0”@@20

co,=1y__ __
o,<0,<0

o, ~(1-D), ©

o,=(-D)o,
where, D is a scalar damage variable, which allows the
simulation of the degradation of the cohesive stiffness. It

is evaluated by a function of the effective separation as
follows:

@
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where, 8 © and § " is the effective displacement at the
initiation and ending moment of the damage, respectively;
o ™ is the maximum effective displacement during
charging history.

Numerical approach and Finite element models

The behavior of the contact between the screw and the
timber is described by three internal forces: tension, shearing
and bending (Fig. 8). In this, the shearing and the bending
are due to the contact between two bodies of timber. The
tension is caused by the contact between the screw and the
timber such as the screw-head embedment and the friction
between the screw and the timber. In relation to the tension,
if the friction between the screw and timber is neglected, the
remaining force will be due to the screw-head embedment.

Fig. 8. Internal forces of the reinforced screw.

The basic idea is to build a model with the beam element
for the screw’s part and the 3D solid element for the timber’s
part (Fig. 9). However, the problem is the incompatibility of
the degree of freedom (dof) between the beam element and
the solid element. Therefore, the 2-node beam eclement has
to modified to obtain a modified element beam with only
translational dof, which is compatible with the solid element
[14]. In this model, the element beam is coupled to the mesh
of the solid timber element. The approach has been earlier
validated in the context of timber-to-timber and timber-
to-concrete connections [12, 13]. Here, it is applied in the
context of timber reinforcement based on full continuity
between screw and timber similar to steel reinforcement in
concrete structures.

Coupled nodes in Y

Solid element Uyk Ky=o |

!

F Beam element I I 2 Coincident
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Fig. 9. Beam-to-solid element approach of the reinforced timber
by screw.
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In order to demonstrate the main advantages of the
proposed approach, the simulation of the reinforced beams
was undertaken in two ways:

- Model 1: both the screws and the timber beams have

been modelled using 3D constitutive laws involving brick-
solid element meshes (Fig. 10A).

- Model 2: the timber beam was simulated using 3D
constitutive law, whereas the screw was modelled using
a one-dimensional beam element (Fig. 10B), leading to a
beam-to-solid coupling (proposed approach).

Note that the first model (Model 1) is not efficient in
the case of large number of screws. In order to reduce
the computational time, only one half of the model was
simulated, sine the symmetry of the model (Fig. 10).

Fig. 10. Finite element meshes (one half) of the notched beams:
(A) Model 1; (B) Model 2.

For the timber, the 8-node solid element was used.
Orthotropic-anisotropic non-linear material model [15, 16,
20-23] has been assumed for the timber behaviour. The
mechanical properties of timber are shown in Table 2.

Table 2. Elasto-plastic properties of timber.

Elasticity Plasticity

E, = 10000 MPa f, =25 MPa
E,=E =490 MPa f,=f,=2.9 MPa
v, .=, =041 f.=35.5MPa
Y, =033 c,= 25 MPa

Q=10MPa;b=2.5
F=73,8;G=H=0.5
N=M=L=10.3

G,,=G,,= 650 MPa
Gy, = 100 MPa

To simulate the mode I crack growth in timber, the
cohesive zone model (CZM), exhibited in ABQAUS, is
used, with the optimal damage parameters summarised in
Table 3.
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Table 3. The optimal damage parameters of the mode | crack
growth.

Stiffness Failure stress Total failure displacement
(N/mm?) (N/mm?) (mm)
K, =2 =09 3 =0.02

The isotropic elasto-plastic behaviour is used for the
screw material and modelled using the modified one-
dimensional beam element. The elastic modulus of the
screw is selected as E =210 GPa and its yield strength is o,
=400 N/mm?. The nodes of the element beam of the screw
and the corresponding nodes of the solid element of the
timber were coupled with the constraint condition.

Results and discussion

The numerical simulation of the unreinforced notched
beams has been undertaken, and the results were compared
with the experiment. It can be seen that the numerical load-
deflection curve fits well with the experimental curve (Fig.
11). Thus, it can be concluded that the CZM can adequately
simulate the progressive cracking of the timber under
opening fracture mode. Fig. 12 displays the comparison
between the numerical and the experimental failure modes,
which shows a good correlation.

12000

== == Fxperiment

10000|L—*= FE Model |

|
8000 1 1

z ]
= 6000 1

g 1

S

= 1
4000 I 1
2000 1

0 . . . .

0 1 2 3 4 5

Midspan deflection [mm]

Fig. 11. Comparison between numerically predicted load-
deflection curve and experimental curves from unreinforced
beams.

Fig. 12. Failure of the notch detail: (A) FE model, (B) experiment.
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Figure 13 shows the numerically predicted load-
deflection curves against experimental ones. It can be
seen that both Model 1 and Model 2 perfectly predict the
global response of the reinforced specimens including the
progressive failure of the notches.

16000 M
14000
12000
Z 10000+
T 8000+
S
6000+ 1
4000 === Experiment
2000 —a— Model 1
—o— Model 2
0 2 4 6 8 10 12

Midspan deflection [mm]

Fig. 13. Comparison between numerically and experimentally
predicted load-deflection curves.

Fig. 14. Comparison between numerically and experimentally
predicted failure modes: (A) Model 1, (B) Model 2, (C)
Experiment.

Figure 14 illustrates the experimental mode of failure
as well as those predicted by the numerical simulations,
where a good correlation can be observed. Both the models
show good and similar quality results; however, Model 2
has shown a higher amount of simplicity and quickness, as
it requires six times less computational time as compared to
Model 1.

Conclusions

This paper presents a simple method for reinforcing
the timber structure in using the screws. The research is
focused on the notched beam. Two sets of unreinforced and
reinforced notched beams have been carried out, in order
to find out the mechanism of this structure. Effectively,
the notched beam reinforced by a screw shows 34% gain
when compared with the unreinforced beam. Through the
experiment, it seems that the failure mode of the notched
beam is similar to the mode I crack growth. Therefore, in
the numerical part, the finite element models were realised,
using the cohesive behavior, to simulate the behavior of
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the unreinforced notched beam and the reinforced notched
beam by a screw. The results present a good correlation in
comparison with the experiment. In particular, a fast finite
element model has been established, using a beam element
with one translational degree of freedom for the screw’s
model, which allows the reduction of the computational
time by six times as compared to the full 3D model.
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Abstract:

Galactinol synthase (GolS) has been known to play

a key role in raffinose biosynthesis by catalysing

the formation of galactinol. The GolS gene family

has been recently identified in various plant species.
Among them, many individual GolS genes have been
reported to function in plant stress tolerance. In this
study, we reported the construction of transgenic
Arabidopsis overexpressing a soybean GolS gene,
GolS2. There were no significant differences in the
phenotypes of the transgenic and control plants during
normal physiological conditions. We evaluated the
performance of the transgenic plants under various
stress conditions in relation to that of the control
plants. The result evidenced that the overexpression

of GmGolS2 gene in Arabidopsis improved the plant’s
tolerance to salt stress but did not protect the plants
against heavy metals and paraquat. Our study
suggested that soybean GolS genes could be a potential
candidate for genetic engineering to improve abiotic
stress tolerance of plants.

Keywords: Arabidopsis thaliana, galactinol synthase,
overexpression, phenotypic analysis, stress tolerance.

Classification number: 3.1

Introduction

Plant growth and development are greatly affected by
adverse environmental conditions. To respond to these
stresses, regulatory compounds - including mannitol,
proline, and various soluble oligosaccharides - are
produced to function in cell protection and maintenance.
Among them, the raffinose family of oligosaccharides is
evidentially believed to perform a critical role in desiccation
tolerance. As a direct precursor of raffinose, galactinol is
known as a critical compound in raffinose biosynthesis. In

*Corresponding author: Email: hachuamser@yahoo.com
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the synthesis of galactinol, galactinol synthase (GolS) is an
enzyme catalysing the formation of galactinol from UDP-
D-galactose and myo-inositol. Therefore, the study on GolS
genes may help us expand our understanding of how plants
respond to stress conditions.

Up till now, GolS genes have been identified in many
higher plant species, such as coffee (Coffea canephora)
[1], wheat (Triticum aestivum) [2] and chickpea (Cicer
arietinum) [3]. Among them, several GolS genes were
well-established to respond to various stress conditions.
For example, transgenic rice lines overexpressing TaGolS1
and TaGolS2 contain higher concentrations of galactinol
and raffinose and exhibit enhanced cold-stress tolerance
[2]. Overexpression of chickpea CaGolSI and CaGolS2
in Arabidopsis conferred improved seed vigour and seed
longevity to the transgenic plants [3]. More recently,
Arabidopsis thaliana AtGolS2 gene was reported to
strengthen drought tolerance and increase grain yield in rice
under dry field conditions [4]. In the past, overexpression
of AtGolS2 caused an increase in the galactinol and
raffinose contents in leaves and exhibited improved drought
tolerance of transgenic Arabidopsis plants [5]. The previous
studies clearly indicated that genetic modification of the
biosynthesis of raffinose by transformation with GolS
genes could be an effective method for enhancing stress
tolerance in plants. In this study, we generated transgenic
lines of Arabidopsis overexpressing a soybean GolS gene,
specifically GolS2. Then, transgenic plants were analysed
for their abiotic stress tolerance.

Materials and methods
Materials

A. thaliana (Columbia-0 ecotype) and soybean (Glycine
max L.) Williams 82 cultivar were used in this study.

Methods

Plant transformation: the coding sequence of GmGolS2
(Glyma03G38080) from ‘Williams 82’ soybean genome
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was cloned into pGreen plasmid in between a cassette
containing a 35S promoter and NOS terminator, which
also harbours the kanamycin resistance gene. Then, this
plasmid was transformed into Agrobacterium tumefaciens
strain GV3101. Agrobacterium carrying the pGreen-
35S::GmGolS2 plasmid was used for transformation
into Arabidopsis by following the floral dip technique
[6]. Transgenic plants were selected on the kanamycin-
containing medium.

Detections of GmGolS2 gene in transgenic plants:
to detect the GmGoLS2 in transgenic plants, we used
PCR. The total DNA was isolated from four-week-old
plants using the Exgene Plant kit (GeneAll, Korea).
PCR primer sequences were aligned to 35S promoter,
5’-CCCACTATCCTTCGCAA-3> and NOS terminator,
5’-GTTGTAAAACGACGGCCAGT-3’. PCR reaction
contained 0.2 uM primers, 200 uM dNTP, 1.25 U Tag DNA
polymerase in 50 mM KCl, 1.5 mM MgCl, and 10 mM Tris-
HCI pH 8.3. The PCR program comprised 35 amplification
cycles at 95°C for 30 seconds and at 54°C and 68°C for 45
seconds each.

Morphological evaluation of transgenic Arabidopsis
plants under normal condition: the sterilised Arabidopsis
seeds were germinated in the Murashige and Skoog (MS)
medium agar plates containing 30 mg/l of kanamycin. Two-
week-old seedlings were transplanted into 20 cm soil-filled
pots and allowed to grow at 24+2°C, relative humidity of
60-70%, under long day conditions (16-hour light/8-hour
dark). The growth and development of Arabidopsis plants
were observed and recorded at indicated times (three-, four-
and five-week-old).

Performance of the transgenic plants under various stress
treatments. the seeds of transgenic plants overexpressing
GmGolS2 were surface sterilised, placed in the dark at
4°C for two days, and then sown on selective half-strength
MS medium agar plates. The seedlings were transferred
onto half-strength MS medium supplemented with various
concentrations of NaCl (for high salinity condition) and
CdCl, (for heavy metal condition). The survival rates were
visually observed and recorded after two days of treatments.
For paraquat leaf disc assay, the procedures described in the
previous study were followed [7].

Results and discussion

Development of transgenic plants overexpressing
GmGolS2 gene

To examine the function of GmGolS2 gene in plants, we
transformed 4. thaliana plants with Agrobacterium carrying
the plasmid 35S::GmGolS2. The individual kanamycin-
resistant plants were finally selected.

Fig. 1. Verification of the presence of GmGolS2 gene in
Arabidopsis transgenic lines. M: 1 kb DNA ladder; lane (-):
negative control; lane 1: wild-type control; lane 2-4: transgenic
lines.

The transgenic lines were confirmed by PCR. The
total DNA extracted from young leaves of each transgenic
lines was used as templates. Then, PCR products were
visualised on 1.3% agarose gel with 1 kb DNA markers.
As shown in Fig. 1, no band was found in the wild-type
plant. The presences of a target band (~ 1.5 kb) in lane 2,
3 and 4 clearly confirmed the insertion of GmGolS2 gene
in 3 transgenic lines. In this work, one transgenic line was
selected for further studies.

Phenotype evaluation of transgenic Arabidopsis
overexpressing GmGolS2

Evaluation of the growth and development of the
transgenic plants under normal condition is an important
step to functionally characterise these plants in various
stress conditions. Sterilised homozygous transgenic
Arabidopsis seeds were germinated in selective MS medium
agar plates, two-week-old seedlings were transplanted into
pots. The growth conditions in the greenhouse included a
16h photoperiod, a day/night thermo period of 244+2°C, and
a day/night relative humidity of 60-70%. The observations
were recorded after 3 weeks.

Vector control  GmGolS Vector control GmGolS Vector control GmGolS

R
L € HOS®

3-week-old

4-week-old 5-week-old

Fig. 2. The evaluation of the morphology of the 35S::GmGolS2
transgenic plants.
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As shown in Fig. 2, no significant difference in
morphology was visible between the transgenic lines and the
control. This observation confirmed that the overexpression
of GmGolS2 gene in Arabidopsis did not affect the growth
and development of transgenic plants under normal
conditions.

Performance of 35S::GmGolS2 Arabidopsis under
various stress treatments

In the past, the GolS gene family was identified in many
plant species [1-3], and most GolS genes were reported to
be highly expressed under various abiotic stress treatments.
For instance, it has been reported that the overexpression
of AtGolS2 caused high accumulation of galactinol and
raffinose in leaves and exhibited enhanced drought tolerance
of transgenic Arabidopsis plants [5]. The previous authors
clearly demonstrated that the overexpression of GolS
genes increased the galactinol and raffinose contents with
enhanced abiotic stress tolerance in transgenic plants. Thus,
to test whether 35S::GmGolS2 plants altered their responses
to abiotic stress, the transgenic plants were treated under
high-salinity, heavy metal, or paraquat conditions.

3 days after treatment 4 days after treatment

5 days aft r treatment

7 days after treatment 6 days after treatment

Fig. 3. Survival rates of transgenic plant under high salinity
condition.

Previously, transgenic Arabidopsis plants overexpressing
TsGolS2 were treated with 0, 50, 100, 150, and 200 mM
NaCl. Among them, with 200 mM NaCl, the germination
rates of transgenic lines were recorded to be significantly
higher than the control plants [8]. Here, we reported the
survival rates of our transgenic plants under 175 mM NaCl.
Seven days after cultivation on half-strength MS medium
with 175 mM NaCl, the transgenic plants still maintained
growth, whereas the vector control plants exhibited growth
inhibition or died; even the high salt medium inhibited the
growth of both transgenic and control plants (Fig. 3). These
observations revealed that the overexpression of GmGolS2
gene conferred salt resistance to transgenic Arabidopsis
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during their growth on the MS plates. Thus, our results
indicate that the GmGolS2 gene functions on improving salt
stress tolerance in plants.

35S::GmGolS2  Vector control Vector control

35S8::GmGolS2

Control plate

1/2 MS + 1 mM CdCl,

Fig. 4. Survival rates of 12-day-old transgenic plants under (A)
normal condition and (B) heavy metal treatment.

Next, to examine the function of GmGolS2 in heavy
metal resistance, transgenic seeds were germinated, grown
onselective half-strength MS agar plates and then transferred
onto half-strength MS containing 1 mM CdCl,. The result,
as shown in Fig. 4, indicates that most transgenic seedlings
were yellowing, but a majority of control plants were still
green. It seemed that the over-expression of GmGolS2 did
not have a protective role in the plants against heavy metal
(Cd) stress.

LEAF DISC ASSAY

OHIVI- -

0.5uM &

1.0 uM

Paraquat concentration

2.0 pM

35S::GmGolS2

Vector control

Fig. 5. Paraquat leaf disc assay of transgenic plants.

Finally, we also examined the sensitivity of transgenic
plants to paraquat by using leaf disc assay. Paraquat is a
recognised compound that generates reactive oxygen species
(ROS) in the cell, causing cell injury and cell death [9]. As
shown in Fig. 5, paraquat caused loss of the regular green



m LIFE SCIENCES | AGRICULTURE

coloration of transgenic leaves; the leaf discs of the control
plants lost their green colour a little bit slower under the
same treatment, suggesting that GmGolS2 did not provide
protection against paraquat-induced ROS.

Conclusions

The transgenic Arabidopsis plants overexpressing the
GmGolS2 gene have been successfully created by the floral
dip method. The presence of GmGolS2 gene was verified by
the PCR test with designed primers.

During normal growth conditions, no morphological
differences were observed between the transgenic lines
and the control plants. We found that the overexpression of
GmGolS2 gene in Arabidopsis did not affect the growth and
development of transgenic plants.

The overexpression of GmGolS2 gene improved
tolerance to salt stress but not to heavy metal and paraquat
stress in the Arabidopsis plants. This study suggested that
soybean GolS2 gene could be a potential candidate for
molecular breeding and genetic engineering to improve
abiotic stress tolerance of plants.
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Abstract:

Gamma(y)-Aminobutyric acid (GABA), which
provides a variety of health benefits, is an important
bioactive component of tea (Camellia sinensis). A
special tea product, GABA tea, contains high levels of
v-Aminobutyric acid which is produced by anaerobic
fermentation. Tea fermentation is affected by a number
of factors, including anaerobic conditions (vacuum, and
the kind of gas used), temperature, and the duration of
anaerobic fermentation.

In this study, the levels of bioactive compounds in

tea leaves produced by fermenting fresh tea leaves

in nitrogen gas are investigated. The fermentation

was conducted at different temperatures: room
temperature (28+2), 35, and 40°C; and for each
temperature setting, the fermentation times were 6,

9, 12, and 15 hours. The results show that the GABA
content increased significantly with fermentation
temperature. The most appropriate temperature and
time for the anaerobic fermentation to produce GABA
and other bioactive compounds were, respectively,
40°C and 9 hours. Under these conditions, GABA
content reached the maximum value (202.77 mg/100

g of dry tea); that of total polyphenols was 22.30% of
dry matter (DM); caffeine was 2.39% DM; and soluble
solids were 36.25% DM.

Keywords: anaerobic fermentation, gamma-
aminobutyric acid, nitrogen gas, tea.

Classification number: 3.1
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Background

y-Aminobutyric acid - GABA, CH/NO,, a non-
proteinaceous amino acid, is one of three bioactive
compoundsintea (the other two are caffeine and L-Theanine).
GABA is one of the major inhibitory neurotransmitters in the
sympathetic nervous system, exerting antihypertensive and
antidiabetic effects in humans. GABA can act effectively as
a natural relaxant to induce relaxation and diminish anxiety,
and its administration can enhance immunity in stressful
conditions [1]. Furthermore, GABA has a physiological role
in many bodily systems outside the central somatic system,
such as regulating cardiovascular functions, inhibiting
metastasis of cancer cells, and modulating renal function.
Kanehira, et al. [2] suggest that intake of GABA-containing
beverages, especially those containing 50 mg of GABA,
may help reduce both psychological and physical fatigue
and improve task-solving ability.

Teais abeverage thatis widely appreciated and consumed
in vast quantities worldwide. Tea products have been studied
as functional foods for many years. A special tea product,
GABA tea, which contains a large amount of GABA was
discovered Japan in 1987 by Tsushida and Murai, and has
been reported to have some medical functions [3-6]. The
key difference between GABA tea and other tea products
is the complicated anaerobic fermentation during withering
operations [7]. The quality of a commercialised GABA
tea is determined by the GABA content (at least 150 mg
GABA/100 g dried tea) and its flavour [8]. Recently, GABA

tea has been successfully produced in Taiwan. Tea farmers
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in Taiwan combine the technique of making Olong tea and
green tea to produce the Taiwanese GABA tea which has
a uniquely characteristic taste and flavour. GABA tea is

becoming increasingly popular in Taiwan.

The information necessary for producing GABA tea in
Vietnam remains unknown [5]. GABA content increases
with the use of anaerobic fermentation. Recently, research
on anaerobic fermentation in a vacuum has been published
[9]. The fermentation in the current study was undertaken
in nitrogen atmosphere to ensure a completely anaerobic
medium [4, 10]. This study aims to improve the flavour and
GABA content of GABA tea. The results will be provided to
tea producers to improve GABA tea production technology.
The purpose of this study is to determine the levels of certain
bioactive compounds - caffeine, soluble solids, polyphenols,
and GABA - in tea leaves under conditions of continuous
anaerobic fermentation in a nitrogen atmosphere.

Materials and methods
Materials

Tea shoots consisting of a bud and 2-3 leaves of the
LDP2 cultivar (C. sinensis x C. sinensis var. assamica)
were used as raw material. These were collected from the
Anh Son district (Nghe An province, Vietnam) in April
2017. Folin-Ciocalteau’s phenol reagent, GABA (Sigma-
Aldrich, USA), gallic acid (Sigma-Aldrich, USA), and
other analytical-grade chemicals were used for biochemical
compound analysis.

Methods
Experimental method.:

After picking, tea shoots were spread on bamboo tray
with a diameter of 1.1 m and placed in a cool room to wither
for 4 hours before fermentation. Next, half of the plucked
tea shoots were packed into a nitrogen-filled chamber and

then incubated continuously at room temperature (28+2°C),
at 35°C, and at 40°C. For each temperature, fermentation
times of 6 hours, 9 hours, 12 hours, and 15 hours were
applied. The other half of the tea shoots were not subjected

to anaerobic treatment and were used as the control.

The GABA tea production process can be summarily
described as follows: fresh tea shoots — withering (25-
30°C) — anaerobic fermentation — panning (5 minutes)
— rolling (45 minutes) — drying (95°C for 60 minutes) —
final products.

The samples were collected at the end of each
fermentation period and were kept in hermetic packaging
and stored in dry, cool place before analysis. The soluble
solid, polyphenol, caffeine, and GABA content were used

as observation parameters.
Methods of analysis of biochemical components:

Soluble solid content was determined by Voronsov’s
method. Caffeine content was determined using the method
of Bertrand [11]. Determination of total polyphenol content
was conducted by means of a colorimetric method using
Folin-Ciocalteau’s reagent [12]; and GABA content was

also determined by a colorimetric method [13, 14].
Statistical analysis:

Statistical analysis was performed using SAS software
9.1. A significance level of 0.05 was applied.

Results and discussion

Effect of anaerobic fermentation time and temperature
on soluble solid content

The results in Table 1 show that the content of dissolved
substances decreases when anaerobic fermentation time
increases. However, after 15 hours of fermentation, the

concentration of solutes seemed to be stable; the value for

Table 1. Soluble solid content (% DM) in tea obtained by anaerobic fermentation in a nitrogen gas environment.

Anaerobic fermentation time

Temperature

Control 6 hours 9 hours 12 hours 15 hours
28°C 40.27* 36.52° 35.11% 33.62¢ 31.70¢
35°C 40.27* 38.39® 37.58° 35.20¢ 33.29¢
40°C 40.27* 37.60° 36.25¢ 35.46¢ 31.98¢

Values with different superscripts in a row are significantly different (p<0.05).
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fermentation at 28°C was 31.70% DM. The same trend
was observed for temperatures of 35°C and 40°C. Soluble
dry-matter reduction in tea may be due to the anaerobic
metabolism of micro-organisms during fermentation,
and degradation through enzymatic and non-enzymatic
reactions that contribute to the taste and colour of the tea
blocks [15-18]. It can be deduced that a short anaerobic
period leads to less soluble matter loss. Thus, the duration
of anaerobic fermentation needs to be limited to minimise

soluble matter loss.

Effect of anaerobic fermentation time and temperature

on total polyphenol content

Green tea contains polyphenol compounds, which include
flavanols, flavandiols, flavonoids, and phenolic acids. Most
of the polyphenols in green tea are flavanols, commonly
known as catechins. Table 2 shows the total polyphenol
content of tea leaves under different anaerobic conditions.
The total polyphenol content of fermented tea leaves was
significantly lower than that control sample (p<0.05). After
6 hours of anaerobic fermentation at room temperature,
polyphenol content decreased significantly compared to that
of the untreated sample (p<0.05). This trend was similar to
that of the anaerobic fermentation conducted at 35°C and
40°C. Specifically, the total polyphenol content decreased
from 22.30% to 20.42% DM after 9 hours of anaerobic
fermentation at 40°C and continued to decline significantly

LIFE SCIENCES | AGRICULTUREm

after 12 hours and 15 hours of fermentation. This suggests
that the polyphenols were used for the biosynthesis of other
chemical components during the anaerobic fermentation.
Thus, it is necessary to control fermentation time in order to
minimise the loss of these antioxidants which are beneficial

to human health.

Effect of anaerobic fermentation time and temperature

on caffeine content

Caffeine is also found in tea leaves. The proportion
varies from 2.5% to 5.5% in dry leaves, depending on their
origin, age, and processing. Caffeine continues to be one of
the most popular products used as an energy stimulant and
as an antioxidant. Table 3 shows the caffeine content of the
tea leaves when different anaerobic treatment temperatures
and times are used. For all fermentation temperatures,
caffeine content decreased slightly after 6 hours (p>0.05)
and then significantly after 12 hours (p<0.05). The
caffeine content of the leaves depends on the fermentation
conditions. In a carbon dioxide atmosphere, caffeine
content decreases; in a nitrogen atmosphere, it increases;
and it seems unchanged in an oxygen atmosphere [4].
Microorganisms can cause caffeine degradation through
demethylation. The major metabolite formed in fungi is
theophylline (1,3-dimethylxanthine), whereas theobromine
(3,7-dimethylxanthine) is the major metabolite in bacteria
[17, 18].

Table 2. Total polyphenol content (% DM) in tea obtained by anaerobic fermentation in a nitrogen gas environment.

Anaerobic fermentation time

Temperature
Control 6 hours 9 hours 12 hours 15 hours
28°C 24.66° 23.27° 22.58° 21.32¢ 20.03¢
35°C 24.66° 23.10° 22.88% 21.65¢ 19.87¢
40°C 24.66° 23.46° 22.30¢ 20.42¢ 19.58¢
Values with different superscripts in a row are significantly different (p<0.05).
Table 3. Caffeine content (% DM) in tea obtained by anaerobic fermentation in a nitrogen gas environment.
Anaerobic fermentation time
Temperature
Control 6 hours 9 hours 12 hours 15 hours
28°C 2.74° 2.28° 2.15° 2.03¢ 1.844
35°C 2.74 2.34° 2.18° 2.13° 1.92¢
40°C 2.74 2.50° 2.39b¢ 2.23¢ 2.05¢

Values with different superscripts in a row are significantly different (p<0.05).
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Table 4. GABA content (mg/100 g dry tea) in tea obtained by anaerobic fermentation.

Anaerobic fermentation time

Temperature

Control 6 hours 9 hours 12 hours 15 hours
28°C 66.07° 137.74% 167.04* 169.03* 170.95°
35°C 66.07¢ 139.35¢ 182.61* 183.95° 178.03°
40°C 66.07¢ 142.2¢ 202.77%® 211.312 200.97°

Values with different superscripts in a row are significantly different (p<0.05).

Effect of anaerobic fermentation time and temperature
on GABA content

GABA tea is one kind of functional tea manufactured
by special methods in anaerobic conditions. It is referred
to as GABA tea because it is rich in GABA, the acronym
for the special amino acid it contains. The results show
wide variation in most of the GABA content (Table 4). As
shown in Table 4, the GABA content range depends on
the temperature and fermentation time. The present study
accords with those of Park [19] and Tsushida [4]. The
GABA content was highest at a fermentation temperature
of 40°C and a fermentation time of 9 to 15 hours (200.97-
211.31 mg/100 g dry tea). It is at this temperature that the
GAD enzyme works best [20]. However, after 12 hours of
fermentation, the content of biologically active ingredients
such as caffeine and polyphenols decreased significantly.
Therefore, an anacrobic fermentation time of 9 hours at
40°C is the most suitable as it ensures the greatest quantities
of GABA and other biologically active ingredients [6-8].
The highest GABA content obtained was 202.77 mg/100
g, from the treatment of 9 hours at 40°C [7, 9, 10]. The
levels of biologically active compounds in GABA tea are
ensured by Vietnamese national standards for commercial
tea products (TCVN 1454-1993).

Conclusions

Results showed that GABA content in GABA tea had
increased significantly after anaerobic fermentation in a
nitrogen gas environment, reaching the standard of GABA
tea. Changes in the quantities of tea polyphenols, caffeine,
and soluble matter tended to gradually decrease as the
fermentation time was extended. The most appropriate
temperature and time for anaerobic fermentation in nitrogen
gas were, respectively, 40°C and 9 hours. Under these
conditions, the GABA tea analysed possessed a high GABA

content (202.77 mg/100 g of dry tea), and the quantities of
other components met commercial product requirements
(total polyphenol content was 22.30% DM; caffeine was
2.39% DM; and soluble solids were 36.25% DM). The
presence of these active components is beneficial to the
quality of the tea.
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Abstract:

This study was conducted in Thuy Phuong Pig
Research Center (TPPRC), Vietnam to determine

the genetic parameters of four reproductive traits
including numbers born alive (NBA), litter birth
weight (LBW), number of weaned pigs (NW) and

litter weaning weight (LWW). The reproductive
performance of 254 sows of VCNO3 breed from four
generations between 2010 and 2017 was collected and
used in this study. Data from NBA, LBW, NW and
LWW were subjected to repeated-measures of ANOVA
in PROC MIXED in SAS with four reproductive

traits and generations as fixed factors. Data from
heritabilities and genetics and phenotypic correlations
were plotted using the ASReml. It was concluded

that the heritabilities of the four traits ranged from
low to moderate, resulting from 0.134 to 0.267. The
heritabilities of NBA, LWW, LBW and NW were 0.264,
0.267, 0.137 and 0.134, respectively. The genetic and
phenotypic correlations among the four traits were
moderate to high positive. The genetic correlations
ranged from 0.467 to 0.991, with the highest estimate
for the genetic correlation being between LBW and
NW and the lowest estimate for the genetic correlation
being between NBA and LWW. The genetic correlation
between NBA and NW was 0.67, between NBA and
LBW was 0.774, between LBW and LWW was 0.69 and
between LWW and NW 0.51.

Keywords: genetic parameters, litter birth weight, litter
weaning weight, number born alive, number weaned

pigs.
Classification number: 3.1
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Introduction

Reproductive traits are the major component in pig
production, and genetic improvement is important in
swines’ breeding objective. Genetic improvement of
sow productivity was mainly focused on NBA and NW
[1]. However, an increase in NBA was associated with
a decrease in LBW and survival [2]. In addition, low
average piglet weight at birth led to an increase in mortality
[3]. Therefore, to increase pig production via genetic
improvement, the reproductive traits of sows such as LBW
and LWW should be taken as main objectives in breeding
programs. Furthermore, it is necessary to comprehend the
knowledge of genetic parameters to accurately estimate
breeding values, optimise breeding programs and predict
genetic responses to economic selection [4].

Synthetic Duroc breed, namely VCNO3, have been
imported from PIC (Pig Improvement Company) in the
United Kingdom to Vietnam since 1997. This breed has
played an important role in a breeding structure in TPPRC
as a final sire line in breeding with the objective of creating
commercial crossbred pigs containing five different breeds.
However, the potential use of the VCNO3 breed to increase
pig productivity in Vietnam has received little attention.

This study aims to obtain genetic parameters such as
heritabilities and genetic as well as phenotypic correlations
between reproductive traits including NBA, LBW, NW and
LWW in the VCNO3 breed.

Materials and methods

Data and animals

A total of 254 sows from the VCNO3 breed in TPPRC’s
program were used to study genetic parameters for
reproductive traits of sows including NBA, LBW, NW and
LWW.

The data was recorded between 2010 and 2017, and each
year was divided into two seasons (Spring-Summer season
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from February to July and Autumn-Winter season from
August to January). All animals were raised in the same
units and sows were farrowed by artificial insemination.
The summary statistics for four traits and covariates used in
this model are shown in Table 1.

Table 1. Factors included (v) in the repeated animal models.

Type of

factor AL

Factors LBW NW LWW

Generation

Parity

Age of farrowing

Season

Year

Season * Year

NS N I NI R IR N RN

Date of weaning

Boar genotype

> o = =™ ™ =™ ™ T

NS NS I VUL N IR N IR

Animal

Permanent
environment effect
of sow

Residual effect R v v v v

v v v

=
\

A = random animal additive genetic effect, R = random, F =
fixed effect.

Analysis

Data from NBA, LBW, NW and LWW were subjected
to repeated-measures of ANOVA in PROC MIXED in SAS,
version 9.2 with four reproductive traits and generations
as fixed factors. Data from heritabilities and genetics and
phenotypic correlations were plotted using the ASReml
procedure at the School of Rural and Environmental
Science, UNE, Armidale, Australia.

The statistical models in the data analysis can be written
as a repeated model:

Y=Xb+ZatZp+e

where, Y is the vector of observations, b is the vector of
fixed effects that includes year, parity for NBA and herd
and parity for NW, X is the incidence matrix of fixed
effects, a is the vector of random additive genetic effects,
Z, is the incidence matrix of random genetic effects, p is
the vector of random permanent environmental effects, Z,
is the incidence matrix of random permanent environmental
effect and e is the vector of random residual effects.
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Results and discussion
Reproductive performance traits

The descriptive statistics of this study with the least
squares means and standard errors for traits are presented
in Table 2.

Table 2. Estimated least squares means and standard errors of
NBA, NW, LBW and LWW of VCNO3 across parities.

NBA NW LBW LWW
Parity

LSM+SE LSMESE LSM+SE LSM=£SE
1 8.81°+0.17  8.72°40.16  13.39°40.28  55.10*+1.19
2 8.95°+0.18  8.82%+0.18  13.70°+0.28  57.01%+1.22
3 10.2040.2  9.86+0.19  14.07*+0.29 58.65*+1.23
4 10.08+0.22  9.59*+0.21 13.6540.32  60.30%1.39
5 9.96'+0.24  9.04+0.22  14.37:+0.34  57.60+1.47
6 9.5740.26  8.65°+0.25  14.1240.38  56.49°+1.61
7 8.32°+0.3 8.234+0.28  13.54°t0.43  59.22%+1.83
8 8.17°£0.38  8.05+0.36  13.89"+0.56 53.36“+2.39
9 6.33£1.58  6.33+1.49 - -

The different letters such as a, b, ¢, d and e in the same column
show the difference of value with the statistical significance
p<0.05.

The average NBA of VCNO3 was 8.9 piglets per litter,
ranging from 6.33 to 10.2 piglets per litter across the first
nine parities. This result was similar to the study by [5], but
it was higher than the reports by Luan and Linh (1988) [6],
with 7.9 piglets per litter, and Doanh (1979) [7], with 7.8
piglets per litter. However, the NBA of VCNO3 in this report
was lower than the reports by Hung and Binh (2008) [8],
with 10.61 piglets per litter, and Tholen, et al. (1996) [9],
with 10.78 piglets per litter.

The NBA increased from the lowest at the first parity to
the highest at the third parity, from 8.8 to 10.2 piglets per
litter, varying from 9.57 to 10.2 piglets per litter from the
third parity to the sixth parity and then, it decreased from
the seventh to ninth parities from 8.32 to 6.33 piglets per
litter. This changing pattern was in agreement with [4, 10].
The NBA from the third to sixth parities was significantly
higher than in the first, second, seventh, eighth and ninth
parities. These results agreed with the findings by [11, 12].

The NW ranged from 6.33 piglets per litter at the ninth
parity to 9.59 piglets per litter at the third parity, and the
average was 8.15 piglets per litter. This result was lower
than the report by [8], with 9.72 piglets per litter, and [13],
with 10.46 piglets per litter, but it was higher than the report
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of 7.98 piglets per litter by [14]. Additionally, the effect of
parities on NW was similar to the NBA with an increase
from 8.72 piglets per litter at the first parity to 9.86 piglets
per litter at the third parity. This significant effect of parity
on N'W in this study agreed with the report by [15].

The lower values in the NBA and NW of VCNO3
could be explained by a number of factors such as high
air temperatures, relative humidity and diseases. The high
proportion of piglets that died during the nursing period
was a result of being starved and overlain by the sows.
Furthermore, the influence of heat and humidity and low
lactational nutrition contributed to a direct effect on milk
production of lactating sows. Another reason is that VCNO3
was a sire line in the breeding program in which more
selection was emphasised on growth traits.

The LBW and LWW per litter were 14.1 kg and 58.56
kg, respectively. The LBW per piglet was 1.56 kg, which is
similar with LBW of other breeds in Vietnam [8, 11, 13, 14].
However, an average of 6.72 kg per piglets LBW of VCNO3
on average of 22.6 weaning days was significantly higher
than the reports by [8, 13].

The estimate of heritability for reproductive traits

The heritabilities with standard errors and variance
components for reproductive traits of the VCNO3 sows are
presented in Table 3. The heritability of NBA was moderate,
being 0.264. Previous studies have reported a large range
in heritability for NBA (0.04 to 0.66). The result of this
study is in agreement with previous studies [16-19]. This
result was higher than the reports of [20-24]. In contrast, the
heritability of NBA in this study was lower than the report
of 0.66 by [25]. The moderate heritability of NBA in this
study could be explained by a better control experimental
population when compared to the use of filed data in the
previous studies.

Table 3. Heritabilities with standard errors and variance
components for NBA, NW, LBW, and LWW of VCNO3 breed.

2 2

o'fl o Op h2tSE
NBA 2.192 6.098 8.290 0.264+0.056
LBW 0.002 0.012 0.014 0.137+0.044
NwW 0.926 5.999 6.926 0.134+0.037
LWW  0.216 0.591 0.807 0.267+0.051

The estimated heritability for LBW was 0.137. This
estimate is in agreement with that reported by [11, 26-
28]. In contrast, Hermesch, et al. (2000) [23], Kerr and
Cameron (1995) [29] and Ferraz and Johnson (1993) [30]

found the heritability of LBW to be 0.08, 0.09 and 0.06,
respectively. However, a high estimate of heritabilities with
a range of 0.47-0.54 were reported by [16-18], which were
higher than the estimated heritability of LBW in this study.
Rydhmer, et al. (1992) [3] reported that an early weighing
of the litter after birth is important, and delay in recording
litter birth weight in field data might be the reason for lower
heritabilities.

The estimate of heritability for NW was 0.134. This
heritability is in agreement with that reported by [29, 31].
Higher mean estimates for NW found by [9, 17, 25] were
0.48, 0.25, and 0.3, respectively. In contrast, the result
of this study is greater than the estimates reported by [4,
20, 21, 29], ranging from 0.03 to 0.1. The differences of
heritability for NW among studies could be explained by
the varied swine breeds and the research data.

The LWW recorded in this study was moderate
heritability (0.267), which was in agreement with the
estimates reported by [11, 18, 32, 33]. However, the result
of this research’s finding is smaller than the estimates
reported by [34] for LWW (0.34), as well as the prediction
of 0.38 reported by [25]. Additionally, a higher estimate for
this trait (0.38) was found by [35]. The LWW in this study
had a higher heritability in comparison with the estimates
presented by previous studies [9, 14, 22, 24, 27].

Heritability is the proportion of phenotypic variance due
to additive genetic effects. The more heritable a trait is, the
more the observed variation is due to genetic rather than
environmental effects. The heritabilities of NBA, NW, LBW
and LWW in this study ranged from 13.5% to 26.5%. These
results mean that the major difference between animals is
due to environmental effects. Therefore, increasing the NBA
and NW can be done through crossbreeding, especially
crossbred dam, due to the benefit of heterosis. In addition,
the creation of a good environment may be another solution
to increase NBA and NW.

Although the effect of parities on heritability was not
examined in this study, previous studies [23, 31] found
that the heritabilities of reproductive traits were influenced
by parities. The heritability for NBA in the first three
parities was lower than these estimates in the fourth and
fifth parities [14]. Hermesch, et al. (2000) [23] reported
that heritability for LBW in the first parity of Large White
and Landrace was smaller than that in the second and third
parities (0.08 as opposed to 0.22 and 0.20, respectively).
Gilts’ uterine capacity are smaller than those of multiparous
sow. Therefore, this may have a restriction on the expression
of their genetic potential in LBW [36]. The heritability
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increased with parity number in some reports [9, 22], but
not in other research [2, 22].

Genetic and phenotypic correlations for reproductive
traits

Genetic and phenotypic  correlations  between
reproductive traits of the VCNO3 sows are shown in Table 4.
The estimated values of genetic and phenotypic correlations
between NBA and NW were positive at 0.627 and 0.45,
respectively, indicating that survival is not a heritable trait.
These estimates of correlations between NBA and NW
were lower than the range of 0.8 to 0.96 reported by [11,
25,27, 31, 33]. However, the correlations in this study were
higher than 0.59 found in the Mong Cai breed [14], 0.48 in
the Duroc breed [27] and 0.38 in the Yorkshire breed [33].
Furthermore, Bushman (2007) [34] reported that the genetic
correlation between NBA and NW was negative (-0.38).
The difference in genetic correlations among studies was
the result of the use of field data and different breeds.
Another reason for the differences between this study and
the previous ones is that cross-fostering was not practiced
in the previous populations but was a common management
practice in this study.

Table 4. Genetic correlations with standard errors (above
diagonal) and phenotypic correlations with standard errors
(below diagonal) between reproduction traits.

NBA NW LBW LWW
NBA 0.627+0.134  0.774+0.090 0.467+0.165
NW 0.450+0.034 0.991+0.062 0.510+0.137
LBW  0.912+0.021 0.596+0.026 0.690+0.118

LWW  0.338+0.049 0.796+0.018 0.386+0.037

The genetic correlation between NBA and LBW was
high and positive (0.774). This genetic correlation is in
agreement with that reported by [27] in the Large White
breed. The larger and stronger correlation between NBA
and LBW were found by [11] with 0.95 and by [25] with
0.92. However, these results contradicted the negative
relationship between NBA and LBW at -0.38, -0.2 and -0.34
in reports of [23, 34, 37], respectively. The differences of
genetic correlation between these two traits could be caused
by the recording procedure of litter birth weight as well as
the cross-fostering procedures.

The genetic correlation between NBA and LWW in this
study is in agreement with [25, 27], who found a moderate
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positive correlation between the two traits. Negative genetic
correlations between NBA and LWW with -0.43, -0.14 and
-0.18 inreports by [9, 23, 34], respectively, were much lower
than those seen in this study (0.467). However, the genetic
correlations between these two traits in reports by [17] with
1.13, [33] with 0.9 and [31] with 0.87 were higher than the
result of this study. The difference could be attributed, in
part, to the pooled estimates of the three breeds in the study
of [17], two breeds in [33] and Mong Cai crosses in the
study of [31] compared to purebred VCNO3 in this study.

The estimated genetic correlation between NW and
LBW in this study (0.99) was similar to those reported by
previous studies [17, 27]. The positive genetic correlations
between NW and LBW were also found in reports by [18]
with 0.55, [27] with 0.48, and [25] with 0.64, but it was
lower in comparison with the result of this study. The
high positive genetic correlation between these two traits
indicates that the higher LBW led to the higher number of
piglets weaning.

The positive genetic correlation between LBW and
LWW was revealed in this study and in other researches.
The estimate of the genetic correlation between these two
traits in this study was the same as the studies by [27, 38] in
Large White at 0.69. Young, et al. (1978) [25] and Bereskin
(1984) [33] showed much greater genetic correlations
between LBW and LWW, ranging from 0.92 to 0.95, in
comparison to the result of this study. However, this result
was higher than the reports by [16, 23, 34]. The moderate to
high genetic correlation between LBW and LWW indicate
that the heavier litter weight at birth is associated with a
higher litter weight at weaning.

The high positive genetic correlation was found between
NW and LWW. The result of this study is as large as the
genetic correlation between NW and LWW in the report of
[25] at 0.51. However, the estimate of genetic correlations
between these two traits were greater, ranging from 0.8 to
0.87 in the reports of previous studies by [18, 21, 34, 39,
40] in comparison with the result of this study. In addition,
Siewerdt, et al. (1995) [27], Irvin and Swiger (1984) [17]
and Bereskin (1987) [41] found a high genetic correlation
between LWW and NW, ranging from 0.95 to 0.97. The
magnitude of the genetic correlation between these two
traits gives rise to the expectation that more piglets weaning
per sow per year would result in a heavier LWW.

The genetic and phenotypic correlations of average
piglet weight at birth (APWB) with other reproductive
traits were not examined in this study, but Rydhmer, et al.
(1992) [3] and Hermesch, et al. (2000) [23] reported that
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APWB had an unfavorable relationship with NBA; their
genetic correlation ranged from -0.86 to -0.27. In addition,
APWRB had a favourable relationship with piglet mortality
[3]. Therefore, increasing NBA by selection would lead to
decreasing weight of piglet at birth and consequently, lead
to low weaning rate.

Conclusions

The results of this study showed low heritabilities for
LBW and NW, at 13.7% and 13.4%, respectively, while
the heritabilities for NBA and LWW were moderate, at
26.4% and 26.7%, respectively. These low and moderate
heritabilities showed potential for subsequent selection such
as improvement of environment and crossbreeding program
to increase the NBA and NW.

The genetic and phenotypic correlations among the four
reproductive traits were moderate to high positive. The
genetic correlations between NW and LBW account for 0.99,
whilst the genetic correlations between NBA and LWW and
between NW and LWW were the lowest with 0.467 and
0.51, respectively. The genetic correlation between NBA
and NW and between LBW and LWW were 0.627 and 0.69,
respectively. Moderate to high positive genetic associations
between these reproductive traits suggest that increasing
one trait by selection would lead to the improvement of
other traits.
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Abstract:

To isolate and characterise free nitrogen-fixing
bacteria, we collected randomly soil samples from
different areas of Ha Noi. Nitrogen-fixing bacteria
were isolated using Burk’s medium without nitrogen
mineral supplement. The ammonia (NH,") synthesis
of these bacterial strains after biomass production
was determined by means of Nessler reagent. Based
on the results of isolation, we observed and evaluated
colony and cellular morphology, pigment production,
and metabolic activities of twenty-five isolates. Among
the isolated bacteria, two bacterial strains (6.2 and
8.2) with high NH," concentration in the cultural
medium were selected as the best strains for nitrogen-
fixing ability. The optimal pH and temperature for
their growth and nitrogen fixation are 7.0 and 30°C,
respectively. Growth is best favored in the presence
of sucrose. We sequenced the 16S rRNA gene of
selected strains and compared the homology of them
in GenBank using BLAST search. The result of the
comparison shows that the 6.2 and 8.2 strains have
99% and 100% 16S rRNA-sequence similarity with
Pseudomonas sp. and Bacillus sp., respectively.

Keywords: biological nitrogen fixation, nitrogen-fixing
bacteria, 16S rRNA.
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Introduction

Nitrogen is an important element of all organisms because
it is an essential constituent of proteins, nucleic acids,
amino acids, chlorophyll, and other organic substances. In
addition, nitrogen is one of the most important nutrients for
plant growth and the plant metabolic system. Consequently,
nitrogen plays a key role in agriculture by increasing of crop
yield. The element is present in the soil in small amounts,
in both inorganic and organic forms. Most of nitrogen
in the soil exists in organic form, and inorganic nitrogen
constitutes only a small fraction of total soil nitrogen. The
total amount of nitrogen in the mineral soil surface normally
ranges between 0.05 and 0.2% and is directly available to
plants, principally as nitrate (NO,) and NH,". The organic
nitrogen slowly becomes available through mineralisation

[1].

Although nitrogen gas (N,) accounts for approximately
78% of the atmosphere, it cannot be directly used by
plants; therefore, N, must be transformed into a form such
as ammonia before being consumed through biological
nitrogen fixation (BNF), chemical nitrogen fixation, and
atmospheric addition. Of these methods, BNF by micro-
organisms is the best way to make nitrogen fertiliser. In
addition, the contribution of the BNF method leads toreduced
use of chemical nitrogen fertiliser, thereby preventing soil
erosion and reducing environmental pollution. Nitrogen-
fixing micro-organisms are commonly found in the plant
rhizosphere. By releasing exudates, plants can exhibit higher
nitrogen-fixation activity in the soil [2]. Free-living nitrogen-
fixing microorganisms have generally been reported to be
plant growth promoters [3, 4]. The primary objective of this
study is to isolate and characterise nitrogen-fixing bacteria
from different agricultural soils, and, hence, to identify the
strains with the greatest nitrogen-fixing ability by means of
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16S rRNA gene-sequence analysis.
Materials and methods
Soil sampling

Soil samples were collected from agricultural lands in
Ha Noi. A 2 mm sieve was used to remove stones and plant
debris from the samples.

Isolation of nitrogen-fixing bacteria

Individual samples of 1 g each were dissolved in 10
ml sterile distilled water and its 0.1 ml soil suspension
was inoculated on Burk’s solid medium (sucrose 20.0 g,
K,HPO, 0.64 g, KH,PO, 0.16 g, MgSO,.7H,0 0.20 g, NaCl
0.20 g, CaSO,.2H,0 0.05 g, Na,MoO,.2H,0 (0.05%) 5.0
ml, FeSO,.7H,0 (0.3%) 5.0 ml, 15 g agar 1,000 ml, pH=7)
at 30°C for 2 days.

Determination of nitrogen-fixation capacity of isolated
bacteria using Nessler’s reagent

The bacteria were cultured in Burk’s liquid medium,
shaken at 180 rpm, at 30°C. After 48 hours of incubation,
the broth was centrifuged at 10,000 rpm for 2 min at 4°C,
and the supernatant was reserved. NH," concentration was
determined by the Nessler method. The reaction between
Nessler’s reagent and NH, can be shown as:

2K,[Hgl,] + NH, + 3KOH — 1-Hg-O-Hg-NH, + 7KI +
2H,0

After treatment with Nessler’s reagent, amount of the
sample develops a yellowish-brown colour. The colour
intensity of solution corresponds to the amount of ammonia
originally present. The standard curve was generated to
determine the concentration of ammonia produced in the
reaction.

Biological characterisation of selected bacteria

The isolates showing high nitrogen fixation, namely 6.2
and 8.2, were selected for further study. The morphology,
colour, and size of the colonies on Burk’s solid medium
were recorded.

The effects of temperature, pH, carbon sources, and
incubation time on the growth and development of the two
selected strains were determined.

The bacteria were grown in Burk’s broth, shaken at 180
rpm at temperatures ranging from 25-45°C to study the effect
of temperature on the growth and nitrogen-fixing capability
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of the soil isolates. The concentration of ammonia was
determined colorimetrically with Nessler’s reagent at the
wavelength of 420 nm.

The influence of pH on the nitrogen-fixing activity of
bacteria was studied by inoculating the bacteria in Burk’s
broth, shaking at 180 rpm, with pH ranging from 4.0 to
10.0. The concentration of ammonia was calculated by
colourimetry with Nessler reagent at 420 nm.

The bacteria were cultured in liquid Burk’s medium,
shaking at 180 rpm, with different carbon sources (20 g/l):
glucose, sucrose, maltose, and mannitol in order to study
the effect of these on the growth and nitrogen-fixation of
soil isolates. The concentration of ammonia was determined
colorimetrically with Nessler’s reagent at the wavelength of
420 nm.

To test the effect of incubation time on the nitrogen-
fixation capacity of bacteria, the bacteria were cultured in
liquid Burk’s medium, shaking at 180 rpm, with the optimal
temperature, pH, and carbon source conditions. Samples
were taken at intervals of every 24 hours. The concentration
of ammonia was calculated by colorimetry with Nessler’s
reagent at 420 nm.

Identification of selected bacteria

Primers 27F (5’-AGAGTTTGATCCTGGCTCAG-3’)
and 1492R (5’-ACGGCTACCTTGTTACGACTT-3") are
used to amplify the 16S rRNA sequences from the DNA
of the two selected bacterial strains. Aliquots (5 pl) of PCR
products were electrophoresed in 1% agarose gel using
standard electrophoresis procedures. 16S rRNA gene of
selected isolates was sequenced by 1st BASE company
(Malaysia). Finally, sequences of the bacteria with the
highest ability to fix nitrogen were compared to sequences
from GenBank based on the 16S rRNA sequences to
ascertain the relationships between the endophytic strains
[5] and phylogenetic trees were thereby constructed by the
neighbour-joining method using MEGA software version
6.06 based on 1,000 bootstraps.

Results and discussion
Isolation of nitrogen-fixing bacteria

Nitrogen-fixing micro-organisms were isolated on
Burk’s medium. These isolates use atmospheric N, to
synthesise their cell proteins. The cell proteins are then
mineralised in soil after tcell death, thereby contributing
towards nitrogen availability for plant growth. Burk’s



m LIFE SCIENCES | AGRICULTURE, BIOLOGY

Bacterial Burk’s medium Luria-Bertani broth medium Gram stain
strains
6.2
A 4>
8.2 T&W

Fig. 1. Morphology and gram stain of the two isolated strains.

medium contains inorganic salts and carbohydrate sources
but lacks a nitrogen source. Nitrogen-fixing bacteria can fix
atmospheric nitrogen, thus they can live and grow in this
nitrogen-free medium. Twenty-six isolates were obtained after
two days of incubation on Burk’s medium. Morphologically,
most isolated bacterial colonies are a whitish cream colour,
smooth, irregular, and shiny. Almost all the isolates were gram-
positive and gram-negative by gram stain. Of the twenty-six
isolated bacterial strains, 65.38% were rod-shaped and 34.62%
spherical (Fig. 1).

Determination of nitrogen-fixing capacity of isolated
bacteria

Construction of calibration curve: a standard curve
was generated specifically to determine the concentration
of ammonia in samples by means of colourimetry with
Nessler’s reagent at 420 nm. Using this method, we can
evaluate the nitrogen-fixation capacity of the isolated
bacteria.

We used the absolute values of blank and standards
measured at a wavelength of 420 nm to generate a calibration
curve, and measured absolute as a function of the ammona
concentration (Fig. 2).
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Fig. 2. Calibration curve for ammonia analysis of samples.

Sample analysis: the nitrogen-fixation ability of the
twenty-six isolates was measured by Nessler’s reagent,
allowing us to understand any effective application of this
organism by means of studying other attributes in the near
future. The bacteria were cultured in Burk’s liquid medium.
After 2 days of incubation, aliquoted 5 ml of the broth
was centrifuged at 10,000 rpm for 5 min at 4°C, and the
supernatant was reserved. The concentration of ammonia
was determined colorimetrically with Nessler’s reagent and
the optical density was measured at 420 nm (Fig. 3).
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Fig. 3. Ammonium concentration in the medium released by
isolates from Trau Quy soil samples.

All twenty-six isolates were able to fix nitrogen. The range
of nitrogen-fixation ability ranged from 0.12 to 3.46 mg/l. The
8.2 strain could fix the highest amount of nitrogen (3.46 mg/1);
the 16.1 strain fixed the least (0.12 mg/l). Of the twenty-five
isolates, two fixed the highest amount of nitrogen, namely 8.2
(3.46 mg/l) and 6.2 (3.34 mg/l). This study shows that the
isolates recovered from the soybean fields are of average
standard in terms of their nitrogen-fixing potential in the
laboratory condition.

Investigating the effect of the cultural conditions on
selected bacteria

Investigation of the medium’s cultural factors based
on the growth and development of two selected strains
provided useful information about cultural conditions for
further research. The two selected strains (6.2 and 8.2) were
cultured in Burk’s liquid medium at different temperatures,
pH, and with different carbon sources. Observation of the
growth and development of these strains is summarised in
Table 1.

Table 1. The influence of some environmental conditions on the
nitrogen-fixing ability of the two selected strains.

Factor Optimal Value

6.2 8.2
Temperature 30°C 35°C
pH 7.0 7.0
Carbon source Sucrose Sucrose
Incubation time 3 days 3 days

The results show that the 6.2 and 8.2 strains can fix
nitrogen at temperatures of between 20 and 45°C. These
strains have the optimal nitrogen capacity at 30-35°C. Both
strains can use mantose, mannitol, sucrose, and glucose for
growth. However, the maximum ammonia secretion of the
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two strains was obtained in the presence of sucrose. The
maximum nitrogen-fixing ability of the two strains was
obtained at pH 7 and after 3 days of incubation.

Physiological studies of the selected strains

The physiological activities of the strains were tested by
means of Indole-3-acetic acid (IAA) production, methyl red
(MR), acetoin production (Voges-Proskauer, V-P), citrate
utilisation, catalase, cellulose hydrolysis, starch hydrolysis,
and mobility. The biochemical characteristics of the two
selected bacterial strains are shown in Table 2.

Table 2. The physiological activities of the 6.2 and 8.2 strains.

Response of strains

Name of the test 62 w
IAA production + =
MR reaction + +
V-P reaction - =
Citrate utilisation - +
Catalase + +
Cellulose hydrolysis - -
Starch hydrolysis + +
Mobility + +

+: positive result; -: negative result.

The two strains were mobility positive, catalase positive,
starch hydrolysis positive, and MR positive, but V-P
negative and cellulose hydrolysis negative. Strain 6.2 had
the property of IAA production, but did not use citrate. In
contrast, strain 8.2 can use citrate but cannot produce [AA.

Identification and phylogenetic analysis of selected
strains

Molecular tools for the identification of soil bacteria
and 16S rRNA gene analysis were used to understand the
phylogenetic relationships. The phylogenetic tree was
constructed by the neighbour-joining method using MEGA
software version 6.06 based on 1,000 bootstraps. According
to the genetic analysis, the amplified 16S rRNA sequence
of the two selected strains produced 1.5 kb fragments.
Homological searches of the 16S rRNA gene sequence of the
selected strains in GenBank by means of BLAST revealed
that strain 6.2 had sequence similar to Pseudomonas sp. and
that strain 8.2 belongs to Bacillus sp. The phylogenetic trees
were constructed as shown in Figs. 4 and 5, respectively. The
position of the two selected strains and their relatedness to
other bacteria were determined (Figs. 4 and 5).
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Fig. 4. Phylogenetic tree showing the relative position of the 6.2 strain using the neighbour-joining method of the complete 16S
rRNA sequence.
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According to Bargey'’s Manual of Systemic Bacterilogy,
the biochemical test indicated that the characteristics
presented by strains 6.2 and 8.2 are similar to Pseudomonas
sp. and Bacillus sp., respectively. Bacillus subtilis sp. and
Pseudomonas sp. are excellent rhizosphere-colonising
bacteria [6]. Strains of Pseudomonas and Bacillus are
among the most efficient plant growth-promoting bacteria
and promote growth and yield of a variety of plants [4].
This result is consistent with the results of previous research
that indicates that Bacillus sp. (Bacillus subtilis sp.) and
Pseudomonas sp. fix nitrogen effectively. Bacillus subtilis
strains AS-4, OSU-142, UPMBI10, and B. Pumilus Slrl
[7] have high nitrogen-fixing ability. Bacillus subtilis AS-4
could be exploited as a soil inoculant and can be used for
nitrogen fixation in soil with a high concentration of salt,
which is eco-friendly and cost ineffective in the long run
[8]. B. subtilis OSU-142 may be used as a substitute for
costly N-fertilisers in chickpea production even in cold
highland areas such as in Erzurum [9]. Inoculation with B.
pumilus S1rl and B. subtilis UPMBI10 could significantly
increase plant N uptake, dry biomass and ear yield of maize.
B. pumilus S1rl is able to fix up to 304 mg of fixed plant
N, [7]. Recent studies have confirmed that some strains
belonging to the genus Pseudomonas sensu stricto, such
as P stutzeri A1501, P. stutzeri DSM4166, P. azotifigens
6HT33bT, and Pseudomonas sp. K1 have the capability
to fix nitrogen [10]. The strains CY4 (P. koreensis) and
CN11 (P. entomophila) show nifH gene expression in
sugarcane (the nifH gene has to do with nitrogen fixation).
Inoculation of the strains may be an imminent development
for biofertiliser application, for sustainable crop production,
in reducing environmental pollution, and in biological
agri-business [11]. The inoculation of red beets with the
nitrogen-fixing bacteria Pseudomonas putida 23 increased
the activity of nitrogen fixation in the rhizosphere of plants
grown in meadow soil in the central part of the Oka River
floodplain [12].

Conclusions

Twenty-five bacteria strains capable of nitrogen fixation
were isolated. Of these, two strains (6.2 and 8.2) have the
best capacity for nitrogen fixation.

The optimal pH and temperature for the growth and
nitrogen fixation of the 6.2 and 8.2 strains are 7.0 and 30°C.
Growth is best favoured in the presence of sucrose.

Homological searches of 16S rRNA gene sequence of
the selected strains in GenBank by BLAST revealed that the
6.2 strain is similar to sequences of Pseudomonas sp., and
that the 8.2 strain belongs to Bacillus sp.
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Abstract:

Purpose: the treatment of concomitant gallstones
and common bile duct (CBD) stones by endoscopic
retrograde cholangiopancreatography (ERCP)
following laparoscopic cholecystectomy (LC). The

analysis of single-step or separated-step characteristics.

Object: during the three years (2015-2017), 68 patients
having CBD stones concomitant gallstones suitable
criteria for inclusion at Hue Central Hospital.
Retrospective clinical description study. Results: the
average age is 52.2+12.5 years (24-90) and the male/
female ratio is 0.7/1 (27/41). Abdominal pain was the
most common symptom 91.2%, which was followed

by jaundice 51.5%; direct bilirubin increased by
27.3+£15.6 pmol/l (2.2-165). The size of CBD stones is
12.4+3.2 mm (6-20), the size of gallstones is 11.3+6.2
mm (5-36). The first time CBD stones 95.6%, recurrent
CBD stones 4.4%. Single-step ERCP and LC 34
patients, separated-step group: ERCP 1.4+2.5 times
and secondary LC. Single-step ductal clearance 76.5%,
separated-step ductal clearance 94.1% (p=0.041).
Length of hospital stay 6.5+4.3 days and 13.6+2.2 days
(p<0.0001). Conclusions: the rate of ductal clearance

in the separated-step group was significantly higher
than the single-step group with p=0.041. The indication
of laparoscopic cholecystectomy immediately ERCP
should be based on the patient’s morbidity, the ductal
clearance as well as the prognostic complications of
ERCP.

Keywords: gallstones, common bile duct stones,
endoscopic retrograde cholangiopancreatography.

Classification number: 3.2
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Introduction

Biliary stone is a common disease in gastrointestinal
surgery and often causes serious complications. Diagnosis
is usually not difficult, but the treatment of clearance and
prevention of recurrence, especially with intrahepatic
stones, is often difficult [1, 2].

According to the studies of many authors, at the time of
diagnosis, gallstones are about 10-18% concomitant CBD
stones.

With gallstones, LC has become the gold standard and
the first choice. However, for concomitant gallstones and
CBD stones, laparoscopy alone is not enough, and thus,
we need other methods such as open choledochotomy and
particular ERCP with or without Oddi sphincterotomy [3,
4].

With the development of science-technology and
the cooperation between gastrointestinal surgeons and
interventive endoscopists, ERCP has been widely applied.
By cleaning the CBD stones through ERCP, patients avoid
a long incision from open surgery, avoid Kehr drainage with
its complications, as well as decreasing length of hospital
stay, the cost of treatment and early working.

Based on the treatment of concomitant gallstones and
CBD stones in Hue Central Hospital, we conducted this
study to evaluate the results of applying ERCP technique and
the effects of single-step LC at the same time anaesthesia or
separated-step LC.

Materials and methods

Materials: during the three years (2015-2017), 285
patients having CBD stones concomitant or not gallstones
underwent ERCP. This included 68 patients who underwent
ERCP following laparoscopic cholecystectomy (34 patients
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single-step LC, 34 patients separated-step LC) and were
suitable for this research.

Methods:

- Retrospective clinical description study at Hue Central
Hospital.

- The duration was three years (from January 2015 to
December 2017).

- Inclusion: patients with concomitant gallstones and
CBD stones (Fig. 1).

+ Symptomatic gallstones or size >1 cm.

+ The first time CBD stones or recurrence size <2 c¢cm
suitable for ERCP [3].

Cystic duct Hepatic duct

Gallbladder

Commeon bile duct

Pancreatic duct

Duodenum

Fig. 1. Concomitant gallstones and common bile duct stones.

Endoscope
video monitor

I
N2
_Ultlaswnpl' : Q}.

unit

Fig. 2. Endoscopic retrograde cholangiopancreatography.

- Exclusion: patients underwent ERCP and LC but:
+ Had concomitant intrahepatic stones.

+ Post-op diagnosis was malignancy of biliary tract,
ampullary or periampullary cancer.

+ Presence of old scar in the middle: choledochotomy,
gastrectomy.

Technique (Fig. 2):

- Patients diagnosed with concomitant gallstones and
CBD stones are characterised by clinical, biochemical,
haematologist and abdominal ultrasonography. Patients
could not excluded CBD stones as dilatation of CBD,
increasing of direct bilirubinaemia and alkaline
phosphatasemia, thus, magnetic resonance imaging (MRI)
was required for confirmation and a different diagnosis.

- Endoscopic retrograde cholangiopancreatography
(ERCP) [5]:

+ General anaesthesia is used for all patients; the cannula
is inserted gently through the mouth into the esophagus,
stomach and the duodenum and the ampullar Vater, where
the bile duct and pancreatic duct fall into the duodenum.

+ Evaluation of the combined lesions of the esophagus
and stomach during the endoscopic examination was
possible.

+ The catheter was inserted into the bile in the direction
of 11 hours, injecting the contrast to assess the position of
CBD obstruction and other lesions such as CBD stones and
CBD stenosis.

+ Oddi sphincterotomy: guidewire guided, cutting and
haemostatic control of the sphinterotomy was made in the
direction from 11 to 1 o’clock.
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+ Enlarging the papillary opening, extraction stones by
the balloon catheter or the basket and placing the stent. The
process takes 2-3 times if the stones are large and many in
number [5].

- Laparoscopic cholecystectomy:

+ For Single-step (at the same time anaesthesia): after
the ERCP, the patient was changed to a Trendelenburg
posture, the trocas was inserted to perform the laparoscopic
cholecystectomy.

For Separated-step (2 times anaesthesia): after the
ERCP and sphincterotomy for remove stones, the patient
was returned to the GI Department and the ductal clearance
was evaluated by abdominal ultrasonography, bilirubin
blood (in the next day). The complications of ERCP were
evaluated through blood tests, amylasemia and lipasemia
for stable treatment. If remnant stones still existed after the
first ERCP, the second or the third ERCP was performed for
ductal clearance and separated-step LC.

+ After three times, if ERCP is not ductal clean, it has
fail. Patients will be changed to other treatments.

- The length of the hospital stay (LOH) is from the first
ERCP to the discharge of the patient from the hospital.

Results

General characteristics of patients

LIFE SCIENCES | MEDICINEm

Surgical procedures
ERCPHLC  ppeprc (n=34)
(n=34) (Separated-step)
(Single-step)
ERCP+LC (single-step) 34 -
1ERCP/LC (separated-step) - 25
2 ERCP/LC - 7
3 ERCP/LC - 2
Time of ERCP (mean) 1 1.4£2.5
Results
Single-step Stie [;)arated- p
— o,
n=34 ) 134 (%)
Ductal clearance 26 (76.5) 32 (94.1) 0.041
Remnant 8(23.5) 2(5.9) 0.041
Complications
- Bleeding (ERCP)
- Bleeding (LC) 2(5.9) 259 -
: 0 (0) 1(2.9) 0.321
- Duodenal perforation 1(2.9) 0(0) 0321
- Acute pancreatitis 5 (1;‘ 7) 3(8.8) 0' 453
- Injury of the biliary tract (0) 1(2.9) 0.321
LC)
Conversion 1(2.9) 1(2.9) -
Length of hospital stay
6.5+4.3 13.6+2.2
(day) (n=33) (n=33) <0.0001

(Exclusion of conversion)

n=68 (%)
Mean age (min 24; max 90) 52.2+12.5
Male/Female (27/41) 0.7/1
Clinical manifestations
- Abdominal pain 62 (91.2)
- Jaundice 35(51.5)
- Biliary infection 15 (22.1)
Direct bilirubin (2.2-165 pmol/l) 27.3+15.6
Abdominal ultrasound findings
- Quantity of CBD stones (1-5 stones) 1.7£2.1
- Size of CBD stones (min 6 mm; max 20 mm)  12.443.2
- Size of gallstones (min 5 mm; max 36 mm) 11.3+6.2
CBD stones characteristics
- Primary stones 65 (95.6)
- Recurrent stones 3(4.4)
Concomitant morbidity
- Biliary infection 15 (22.1)
- Acute pancreatitis 7 (10.3)
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Discussion

Based on our experience, 68 patients underwent
endoscopic retrograde cholangiopancreatography combined
with laparoscopic cholecystectomy for three years for the
treatment of concomitant gallstones and CBD stones.

All patients having concomitant gallstones and CBD
stones are not suitable for ERCP to clean CBD stones.
However, when it is properly indicated that ERCP is
required, this technique can be considered as a ‘minimal
intervention with maximum efficiency’. For ductal
clearance, the advancement of the equipments as well as the
experience of the gastrointestinal endoscopist, the patient
does not have to undergo a long incision or traditional Kehr
drainage and its complications [1].

The mean age in our study was 52.2+12.5 years (min
24, max 90). A.H. Ghazal and M.A. Sorour [6] showed an
average of 45.07+11.3 years (27-65), and according to R.
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Mallick and K. Rank [7], the mean age in two study groups
was 52.1420.7 years and 49+20.0 years.

Technically, this is a combination of two techniques:
endoscopic intervention and laparoscopic surgery. In the
early stages of our study, the majority of patients underwent
ERCP and LC at the same time anaesthesia. This work is
theoretically more beneficial, as patients do not have to suffer
the second anaesthesia for LC. However, it is not suitable in
reality; the evaluation and monitoring of the complications
resulting from ERCP was considerably difficult, easily
obscured and hard to distinguish from the complications
resulting from LC, such as bleeding, biliary tract injury and
other organ damage, during the laparoscopic operation. We
observed one case of duodenal perforation following the late
single-step ERCP and LC - patients with fever, abdominal
fluid and, especially, disadvantages of abdominal X-rays
- that could not distinguish free air intraperitoneum from
the duodenal perforation or from the pneumo-peritoneal;
additionally, this affects early diagnosis.

According to many authors, the safety and feasibility of
the technique of ERCP should be based on the criteria for
ductal clearance, complications, morbidity and mortality
rate that are technically related [4, 8, 9]. The rate of ductal
clearance in our study was 85.3% (58/68), which was
consistent with the study of J.H. Darrien and K. Connor
[9] that showed 84-97% ductal clearance, complications
4-16% and mortality 0-0.8%. Kieu Van Tuan and Tran Huu
Vinh [8] reported 97.8-98.2% ductal clearance, no duodenal
perforation, mild bleeding or only injection adrenalin of
7.1%. A.H. Ghazal and M.A. Sorour [6] showed 100%
ductal clearance and the length of hospital stay as 2.55+0.89
days (2-5). La Van Phuong, et al. [1] showed a mortality
rate of 14.3% due to late hospitalisation, hypotension,
coagulopathy, renal failure and electrolyte disorder.

R. Mallick and K. Rank [7] evaluated the combination
of single-step ERCP and LC (n=80) or separate-step ERCP
and LC (n=33). The LOH of the single-step group was
significantly lower than the separate-step group (p=0.03);
our results were consistent (p<0.0001). However, according
to the study by Mallick, et al., the mean cost was not
significant (p=0.167): 49,276 § for the single-step group
versus 42,261 $ for the separate-step group.

ERCP is an invasive procedure for the diagnosis and
treatment of CBD and pancreatic diseases. According to Ho
Van Han and Tran Duy Binh, the rate of complications is
9.8% (pancreatitis 6%, bleeding 1.5%, perforation 1.56%,
infection 0.78%) and 1 patient of death due to pancreatitis
after ERCP [10]. Therefore, the decision to LC immediately
after ERCP at the same time of general anaesthesia (single-
step) or later (separate-step) depends on the patient’s
morbidity, the ductal clearance identified intraoperative as
well as the complications. If the patient was suspected of

having gastric-duodenal perforation and bleeding during
the ERCP procedure, it is absolutely separate-step LC after
complications of infection, pancreatitis, bleeding were
treated consistently [11].

Conclusions

The rate of ductal clearance in the separate-step group
was significantly higher than the single-step group with
p=0.041.

The indication of  single-step  laparoscopic
cholecystectomy immediately after ERCP or separate-step
surgery should be based on the patient’s morbidity, the
ductal clearance as well as the prognostic complications of
ERCP.

REFERENCES

[1] La Van Phuong (2012), “Results of early endoscopic retrograde chol-
angiopancreatography (ERCP) in the treatment of Complicated cholangitis at
Can Tho polyclinic Central Hospital”, Medicine of Ho Chi Minh city, 16(3),
pp-49-53.

[2] Nguyen Kim Tue, Pham Nhu Hiep (1999), Indication and result
evaluation of Endoscopic retrograde cholangiopancreatography (ERCP)
and sphincterotomy for canal bile duct stones extraction, Presentation at 10th
Vietnam Surgical Conference, pp.127-132.

[3] R. Kadam, D. Saxena, A.S. Rana, S. Chhabra (2016), “Laparoscopic
common bile duct exploration versus ERCP/stenting and cholecystectomy:
is a single staged procedure better?”, International Journal of Hepatobiliary
and Pancreatic Diseases, 6, pp.57-63.

[4] A. Shojaiefard, M. Esmaecilzadeh, A. Ghafouri, and A. Mehrabi
(2009), “Various techniques for the surgical treatment of common bile duct
stones: a meta review”, Gastroenterology Research and Practice, 1D 840208,
12pp, doi:10.1155/2009/840208.

[5]J. Pohl, D.H.S. Klinik (2012), “Choledocholithiasis - sphincterotomy
and stone removal with an extraction balloon”, Video Journal and Encyclo-
pedia of GI Endoscopy, Germany, doi.org/10.1016/S2212-0971(13)70199-7,
pp.445-446.

[6] A.H. Ghazal, M.A. Sorour, M. El-Riwini (2009), “Single-step treat-
ment of gall bladder and bile duct stones: a combined endoscopic-laparoscop-
ic technique”, International Journal of Surgery, 7, pp.338-346.

[7] R. Mallick, K. Rank, C. Ronstrom, S.K. Amateau, M. Arain (2016),
“Single-session laparoscopic cholecystectomy and ERCP: a valid option for
the management of choledocholithiasis”, Gastrointestinal Endoscopy, 84(4),
pp.639-645.

[8] Kieu Van Tuan, Tran Huu Vinh (2013), “Treatment of stones bile
duct infection by Endoscopic retrograde cholangiopancreatography (ERCP)”,
Practical of Medicine, 893, pp.147-151.

[9] J.H. Darrien, K. Connor, A. Janeczko, J.J. Casey, and S. Pater-
son-Brown (2015), “The surgical management of concomitant gallbladder
and common bile duct stones”, HPB Surgery, Edinburgh EH16 4SA, UK,
pp.1-6.

[10] Ho Van Han, Tran Duy Binh, Nguyen Van Hai (2010), “Diagnostic

and therapeutic Endoscopic retrograde cholangiopancreatography (ERCP) at
Gia Dinh Hospital”, Medicine of Ho Chi Minh city, 14(4), pp.67-73.

[11]1J. Lu, Y. Cheng, X.Z. Xiong, Y.X. Lin, S.J. Wu, N.S. Cheng (2012),
“Two-stage vs single-stage management for concomitant gallstones and com-
mon bile duct stones”, World J. Gastroenterol., 18(24), pp.3156-3166.

SEPTEMBER 2018 e VOL.60 NUMBER 3



LIFE SCIENCES | BIOTECHNOLOGY m

Construction of a binary vector for the expression of the
Aspergillus niger McoD laccase gene in the industrial
filamentous fungus Aspergillus oryzae

Hanh Dung Thai'?, Van-Tuan Tran'*

!Genomics Unit, National Key Laboratory of Enzyme and Protein Technology, VNU University of Science, Vietnam National University, Hanoi
’Department of Microbiology, Faculty of Biology, VNU University of Science, Vietnam National University, Hanoi

Received 2 May 2018; accepted 2 August 2018

Abstract:

The filamentous fungus Aspergillus oryzae, also

named as the koji mold, is a preferred host for enzyme
production due to its prominent secretion ability into
the culture medium. Fungal laccases are widely used
in different industrial processes, especially in removing
environmental pollutants. Up till now, little was known
about the roles of some laccase genes from the black
mold Aspergillus niger. The McoD laccase gene from
A. niger includes three exons interrupted by two short
introns. The respective coding sequence of the gene is
computationally predicted to encode a secreted laccase
of 563 amino acids. In this study, a binary vector
carrying the A. niger McoD gene was successfully
constructed for heterologous expression in the edible
fungus A. oryzae. This vector was transformed into A.
oryzae using the Agrobacterium tumefaciens-mediated
transformation method. The transformation efficiency
was relatively high in two different auxotrophic A.
oryzae strains, including RIB40ApyrG and VS1ApyrG.
All the tested transformants possess in their genomes
the construct for expression of the McoD laccase gene
under control of the strong A. oryzae amyB promoter.
The selected transformants were examined for the
laccase activity using the ABTS substrate. The results
showed that in comparison to the wild-type fungal
strains, the transgenic strains could oxidise ABTS to
form the sea green colour, which can be seen directly
on the agar plate.

tumefaciens-mediated
binary vector,

Keywords: Agrobacterium
transformation, Aspergillus oryzae,
laccase, recombinant expression.
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Introduction

Aspergillus oryzae is a safe filamentous fungus
and considered as an excellent microbial host for the
biopharmaceutical industry and for the production of
recombinant proteins. This fungus has been widely used
in the food industry in some Asian countries for thousands
of years. Several commercial digestive enzymes such as
proteases, lipases and cellulases have been produced in A.
oryzae [1, 2]. A. oryzae is a promising fungal cell factory
owing to its ability to secrete large amounts of enzymes into
the culture media. Therefore, this fungus has been employed
for genetic engineering to produce economically valuable
enzymes at the industrial scale [3].

Laccases are widely distributed in higher plants,
insects, fungi and bacteria. They form the biggest sub-
group within the multicopper oxidase (MCO) family and
represent a great potential in biotechnological applications
such as pulp delignification, textile dye bleaching, and
water or soil detoxification [4, 5]. Laccase (EC 1.10.3.2) is
a multicopper blue oxidase that couples the four-electron
reduction of oxygen with the oxidation of a broad range of
organic substrates including phenols, polyphenols, anilines,
and even certain inorganic compounds by a one-electron
transfer mechanism [6]. The ability of laccases to catalyse
reactions by generating water as the only by-product makes
these enzymes the ‘green’ catalysts in the industry [4, 5].
However, in most fungi, laccases are produced at low levels
for commercial purposes. Therefore, cloning of the laccase
genes followed by heterologous expression in suitable
fungal hosts may provide outstanding enzyme yields [7].

In ascomycetes, MCOs have been much less studied [8].
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The McoD laccase belongs to the cluster of the ascomycetous
laccases that exist in the common filamentous fungi such
as Botrytis cinerea, Neurospora crassa, Aspergillus niger
and Aspergillus nidulans [9]. It is remarkable that limited
information is available for the potential of the laccase-
encoding McoD gene. This is the first time that the McoD
gene from A. niger was transformed and expressed in the
safe fungus 4. oryzae using the Agrobacterium tumefaciens-
mediated transformation (ATMT) method.

Materials and methods
Microbial strains and plasmids

In this study, Escherichia coli DH50 was used as a
bacterial host for plasmid propagation, with Agrobacterium
tumefaciens AGL1 as the tool for fungal transformation and
A. niger N402 as the DNA donor. Two different auxotrophic
strains of A. oryzae including VS1ApyrG and RIB40ApyrG
were employed as the recipients for genetic transformation.
The binary vector pEX2B was used as the backbone for
constructing the pEX2B-McoD vector. All these materials
are listed in Table 1.

Table 1. Microbial strains and plasmids used in this study.

Strains, plasmids Description Source
E. coli DH5a. F-endAl hsdR17 supE44 thi-1 & [10]
recAl gyrA96 relAl deoR A(lacZYA-
argF)-U169 ®80dlacZAM15
A. tumefaciens AGL1 CS58, recA::bla, pTiBoS42AT-DNA, [11]

Mop”, Cb®

A. niger N402 The wild-type strain used as DNA donor  [12]

A. oryzae RIB40 The wild-type strain used as a negative [13]

control

A. oryzae VS1 The wild-type strain used as a negative [14]
control

A. oryzae RIB40ApyrG ~ The uridine/uracil auxotrophic strain [14]

used for genetic transformation

A. oryzae VS1ApyrG The uridine/uracil auxotrophic strain [14]

used for genetic transformation

pEX2B This plasmid harbours the 4. oryzae [14]
pyrG marker and the DsRed gene under
control of the A. oryzae amyB promoter
pEX2B-McoD This plasmid harbours the 4. oryzae This
pyrG and the A. niger McoD laccase study

gene under regulation of the A. oryzae
amyB promoter

Media for cultivation

Potato dextrose agar (PDA) medium (with supplements
of 0.1% uracil and 0.1% uridine) was used for cultivating
the auxotrophic A. oryzae VS1ApyrG and A. oryzae
RIB40ApyrG strains.

M+met medium comprising 0.2% NH,CI, 0.1%
(NH,),S0,, 0.05% KCl, 0.05% NaCl, 0.1% KH,PO,, 0.05%
MgSO,, 0.002% FeSO,, 2% glucose, 0.15% methionine and
pH 5.5 [15] was used as the selective medium for fungal
transformation.

The induction medium (IM) supplemented with 0.05%
uracil, 0.05% uridine and 200 uM acetosyringone (AS) was
used for co-cultivation between the Agrobacterium cells
and fungal spores. The liquid IM contains MM salts (2.05 g
K,HPO,, 1.45 ¢ KH,PO,, 0.15 g NaCl, 0.5 g MgSO,.7H,0,
0.1 g CaCl,.6H,0, 0.5 g (NH,),SO,, 0.0025 g FeSO,.7H,0),
40 mM 2-(N-morpholino)ethanesulfonic acid (MES), 10
mM glucose and 0.5% (w/v) glycerol. The solid IM contains
only 5 mM glucose and 2% agar [16-18].

Preparation of spore suspensions

The VS1ApyrG or RIB40ApyrG strain was cultivated
on the PDA plate that was supplemented with 0.1% uracil
and 0.1% uridine for 3-5 days at 30°C. Sterile distilled
water was added to the plate and the spores were released
from the fungal layer by scraping the plate surface with a
sterile glass spreader. The obtained liquid was filtered using
sterile Miracloth (Calbiochem, Germany) and the filtrate
was centrifuged at 5000 rpm for 10 min. The spore pellet
was washed twice with sterile distilled water prior to being
resuspended in sterile distilled water to gain the respective
spore suspension. The spore concentration was calculated
and adjusted to 10° spores/ml using a Thoma counting
chamber.

Genomic DNA extraction

The extraction of fungal genomic DNA was performed
as previously reported [19]. The obtained genomic DNA
samples were dissolved in the TE buffer and treated with 3
pl RNase A (Qiagen, Hilden, Germany) for 30 min at 60°C
to remove RNA.

Analysis of the McoD gene from A. niger
The sequence of the Aspergillus niger McoD gene
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with the accession number Anl11g03580 was extracted
from the Aspergillus genome database (http://www.
aspergillusgenome.org). The deduced McoD protein was
used for the detection of a signal peptide using the SignalP
4.1 Server (http://www.cbs.dtu.dk/services/SignalP) [20].
The conserved domains of McoD were detected by the
web tools InterPro (https://www.ebi.ac.uk/interpro) and
Pfam (https://pfam.xfam.org). The comparative phylogeny
of McoD and its homologues from other filamentous fungi
was performed with the MEGAG6 software [21] using the
neighbour-joining method with 1000 bootstrap replicates.

Construction of the binary vector pEX2B-McoD

The McoD gene was amplified from genomic DNA of 4.
niger N402 by PCR using the following primer pair including
AnMcoD-F (GGG CTT AAG ATG CAC TTG CAT ACT
ATC CTG G) and AnMcoD-R (GGG GAG CTC TTA GAT
ACC AGAATC ATC CTC CTC). To ensure the accuracy of
DNA replication by the PCR, Phusion® high-fidelity DNA
polymerase (Thermo Scientific, USA) was used. The PCR
conditions were as follows: initial denaturation at 94°C for
5 min followed by 35 cycles of denaturation at 94°C for
30s, annealing at 58°C for 30s, and extension at 72°C for 1
min 40s, with a final extension at 72°C for 10 min. The PCR
product was purified with Wizard® SV Gel and PCR Clean-
Up System (Promega, USA). The purified product was
digested with the restriction enzymes Affll and Sacl, and
ligated into the binary vector pEX2B [14] at the respective
restriction enzyme sites to replace the DsRed gene. The
ligation mixture was then used to transform the competent
E. coli DH5a cells. The recombinant plasmid was purified
using Wizard® Plus SV Minipreps DNA Purification System
(Promega, USA) and further confirmed by digestion with
BamHI (Thermo Scientific, USA) to indicate the presence
of the McoD gene.

Genetic transformation of A. oryzae using ATMT
method

ATMT transformation was performed as previously
described [14, 18]. Briefly, the binary vector pEX2B-McoD
was transformed into the 4. tumefaciens AGLI1 cells by
electroporation method [22]. A single AGL1 colony carrying
pEX2B-McoD was inoculated in a conical flask containing
20 ml of liquid LB (Luria-Bertani) supplemented with
kanamycin (100 pg/ml) on a rotary shaker with 200 rpm at
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28°C for 17h. The bacterial culture (1 ml) was diluted with
the liquid IM (9 ml) containing 200 uM acetosyringone
(AS) to obtain an OD,, value ranging from 0.2 to 0.3. The
diluted culture was further incubated for 6h at 28°C, 200 rpm
to reach an OD value ranging from 0.6 to 0.8. A mixed
volume including 100 pl of the induced AGL1 suspension
and 100 ul of the A. oryzae spore suspension (10° spores/
ml) was spread onto the 90 mm filter paper (Sartorius,
Germany) placed on the IM agar plate supplemented 200
uM AS, 0.05% (w/v) uracil and 0.05% (w/v) uridine. The
plate was incubated at 22°C in the dark for 60h. After the
co-cultivation period, the filter paper was transferred to
the M+met plate containing cefotaxime (300 pg/ml) to
eliminate the Agrobacterium cells. This plate was incubated
at 30°C for 5-7 days until the fungal transformants appeared.

Analysis of fungal transformants

Fungal transformants were purified and examined for
mitotic stability by single spore isolation for three successive
generations. The purified transformants were then grown for
genomic DNA extraction. PCR was employed to confirm
the existence of the 4. niger McoD gene in the A. oryzae
genome using the specific primer AnMcoD-F/AnMcoD-R.
To screen the transformants expressing the McoD gene,
some obtained transformants were grown on the M+met
agar medium containing 2% maltose as the inducer of the
amyB promoter. After incubating at 37°C for 48h, 4 mM of
ABTS (2,2’-azino-bis(3-ethylbenzothiazoline-6-sulphonic
acid)) in the Mcllvaine buffer (also known as citrate-
phosphate buffer, pH 4.6) [23] was dropped directly onto
the fungal mycelium. The oxidation of the substrate ABTS
by a suitable laccase results in the stable blue/green cation
radical ABTS™ [24]. Fungal transformants expressing
successfully the McoD laccase gene can oxidise ABTS to
generate the sea green colour.

Results and discussion
Structural analysis of the A. niger McoD laccase gene

The McoD gene indicated by the locus An11g03580 in
the Aspergillus niger genome database and by the accession
number XP_ 001394357 in the GenBank database has a total
length of 1806 bp including three exons (881 bp, 483 bp and
328 bp) interrupted by two introns (52 bp and 62 bp). The
coding sequence of McoD encodes a predicted protein of
563 amino acids with three conserved Cu-oxidase domains
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Fig. 1. Structural analysis of the McoD gene from A. niger. (A) The structure of the McoD gene and the respective encoded protein
possessing a signal peptide (SP) and typical conserved domains for laccase family. (B) The signal peptide of the deduced McoD

protein was detected with SignalP 4.1 [20].

(Fig. 1A). The deduced protein sequence is also indicated
by the bioinformatics tool SignalP 4.1 to possess a putative
signal peptide with the cleavage site between amino acid
positions 18 and 19 at the N terminus (Fig. 1B).

In fungi, laccases play different physiological roles
during the fungal life cycle. These enzymes display a huge
potential for a variety of biotechnological applications due
to their broad substrate range [4, 25, 26]. The black mold
A. niger possesses 16 different genes encoding putative
laccases in its genome [9]. Among them, McoD belongs to
the group of the ascomycetous laccases. Although McoD is
conserved in some other Aspergillus species, surprisingly, it
does not exist as a homologue in the genome of A. oryzae
(Fig. 2). Therefore, A. oryzae can be used as an excellent
host for the heterologous expression of the McoD gene, as it
appears that there is no activity of the McoD laccase in this
filamentous fungus.

Successful construction of a binary vector for

expressing the A. niger McoD laccase gene

Based on the respective sequence for McoD

(An11g03580) from the A. niger genome database, this gene
was successfully amplified by PCR using the specific primer
pair AnMcoD-F/AnMcoD-R. The obtained PCR product was
digested with two restriction enzymes, Af/Il and Sacl. This
digestion generated the compatible sticky ends enabling the
ligation of the DNA insert to the binary vector pEX2B [14],
which were also treated with the same enzymes Af/Il and
Sacl in order to remove the DsRed reporter gene (Fig 3A).
The resulting recombinant plasmid pEX2B-McoD (Fig.
3A) was confirmed for the presence of the McoD gene by
PCR with the specific primer pair AnMcoD-F/AnMcoD-R
(data not shown). This plasmid was then purified and further
confirmed by digestion with BamHI, which cuts the plasmid
at two different sites including one in the McoD sequence
and the other in the plasmid backbone. The result showed
that there were two DNA bands as theoretically calculated
with the sizes of 10.56 kb and 1.39 kb appearing on the
agarose gel (Fig. 3B). Therefore, we can conclude that the
binary vector pEX2B-McoD for expressing the A. niger
McoD laccase gene under the regulation of the 4. oryzae
amyB promoter was successfully constructed.
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Fig. 2. Phylogenetic analysis of the McoD gene from A. nigerin comparison
to its homologues from other filamentous fungi. The phylogenetic tree was
constructed with the MEGAG software [21] using the neighbour-joining
method with 1000 bootstrap replicates. The statistical support values at
nodes of branches, genetic distance scale bar and the accession numbers
from the GenBank database have been indicated.
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Fig. 3. Construction of the pEX2B-McoD binary vector. (A) The procedure
for constructing pEX2B-McoD by replacing the DsRed gene in the pEX2B
vector with the A. niger McoD laccase gene. (B) Confirmation of the
correctness of pEX2B-McoD by digestion of this plasmid with BamH].
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Successful transformation of A. oryzae using
the ATMT method and the pEX2B-McoD vector

The ATMT method has
demonstrated to be a powerful tool for the genetic

been recently
transformation of the filamentous fungus 4. oryzae
based on the uridine/uracil auxotrophy [14]. This
method does not use drug resistance markers, and
therefore, it is considered as a safe approach for
subsequent applications. In this study, the binary
pEX2B-McoD was constructed and transformed
successfully into the competent Agrobacterium
tumefaciens AGL1 cells by electroporation. The
resulting bacterial colonies were screened for the
presence of the plasmid by PCR with the primer
pair AnMcoD-F/AnMcoD-R using GoTaq® Green
Master Mix (Promega, USA). All of the tested
colonies were indicated to carry pEX2B-McoD via
the DNA band for McoD appearing on the 0.7%
agrose gel (data not shown). The steps for fungal
transformation using Agrobacterium tumefaciens
were performed as previously reported [14, 18]. The
procedure was summarised in Fig. 4A. During the
co-cultivation step, 4. oryzae spores germinated on
the induction medium (IM) were supplemented with
0.05% uracil and 0.05% uridine at 22°C for 60h.
Germination of fungal spores could facilitate the
transfer and random integration of T-DNA carrying
the McoD expression cassette and the auxotrophic
pyrG selection marker from Agrobacterium cells
into the A. oryzae genome. The mechanism of this
DNA transfer event has been proved in numerous
fungi [27]. The fungal transformants as prototrophic
strains were selected on the M+met minimal medium
[15], which was supplemented with cefotaxime
to eliminate the Agrobacterium cells. After 5-7
days, the results showed that on an average, the
transformation efficiency reached 6 transformants
per plate, which corresponded to a total of 60
transformants per 10° spores for the auxotrophic
A. oryzae VS1ApyrG strain. Meanwhile, 136£17
transformants per plate corresponded to a total of
approximately 1360 transformants per 10° spores
for the auxotrophic A. oryzae RIB40ApyrG strain
(Fig. 4B).
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ATMT has been reported to be an effective method
for gene targeting in several filamentous fungi with the
transformation efficiency up to 100-250 transformants per
10° spores [28, 29]. In the previous study, we showed that
genetic transformation of the auxotrophic 4. oryzae strains
by the ATMT method using the pEX2B vector resulted
in very high transformation efficiencies with 265+13
transformants per 10° spores for the auxotrophic VS1ApyrG
strain and 1060+143 transformants per 10° spores for the
auxotrophic RIB40ApyrG strain [14]. In this study, using
the pEX2B-McoD vector, we also obtained similar results
for the transformation efficiencies of the auxotrophic
VS1ApyrG strain and the auxotrophic RIB40ApyrG strain
(Fig. 4B).

(A)
7

A. tumefaciens culture Induced in
(AGL1+ pEX2B-McoD) M (+200 uM AS)

A. oryzae spores

6h, 28°C Y harvested from PDA plate

s, Co-culture on filter paper laid on IM plate
A (+200 pM AS+ 0.05% uridine, 0.05% uracil)
~ for 60 h at 22°C

M+met medium for selection

l Transfer of the membrane to
L
-

"_1 Fungal transformants on M+met medium
i ,ﬁg after 5-7 days at 30°C

(B)

Transgenic A. oryzae RIB40

Transgenic A. oryzae VS1

Fig. 4. Genetic transformation of the auxotrophic A. oryzae
strains using the ATMT method. (A) The detailed ATMT procedure
for A. oryzae VS1ApyrG and RIB40ApyrG with pEX2B-McoD.
(B) The prototrophic A. oryzae transformants grew on the filter
papers placed on M+met agar plates after 5 days of incubation
at 30°C.

Successful integration of the McoD expression cassette
into the A. oryzae genomes

In a recent publication, the overexpression of McoD
in A. niger under the control of the glad promoter could
result in a green halo with ABTS oxidation [9]. In the
constructed binary vector, McoD gene is regulated by the

amyB promoter from A4. oryzae RIB40. The amyB promoter
is responsible for regulating the high-level expression of
amylase in A. oryzae, and it is induced by starch or maltose
[30]. Therefore, to activate the expression of the McoD gene
under regulation of the amyB promoter, the M+met minimal
medium was supplemented with 2% maltose as the sole
carbon source. The mycelia of the transformants, which were
cultivated on M+met (2% maltose) at 37°C for 48h, were
tested for the ABTS oxidation ability. The transgenic strains
expressing McoD in this study showed laccase activity
towards ABTS. After treating with the ABTS substrate for
10-15 min, the fungal mycelia of all tested transformants
changed to a sea green colour in comparison to the wild-
type strains (Fig. 5A). This is a quick assay for screening
the potential strains expressing the McoD laccase gene. The
successful integration of the McoD expression cassette into
the A. oryzae genome in the transformants was confirmed
by PCR with the primer pair AnMcoD-F/AnMcoD-R. All
of the tested strains were demonstrated to carry the McoD
laccase gene with the size of 1.8 kb (Fig. 5B).

(A)

ABTS 4 mM
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=+
w
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=

Fig. 5. Confirmation of the A. oryzae transformants expressing
the A. niger McoD laccase gene. (A) Examination of some
transformants expressing the McoD laccase gene. The selected
transformants were grown on M+met (2% maltose as the sole
carbon source for activating the amyB promoter) at 37°C for 48h.
The ABTS solution was used to screen positive transformants
by directly placing a drop onto the fungal mycelium. The VST
and RIB40 wild-type strains were used as negative controls. (B)
The above-tested transformants were confirmed by PCR for the
existence of the McoD gene in the genome using the specific
primer pair AnMcoD-F/AnMcoD-R. The genomic DNA samples
extracted from the VS1 and RIB40 wild-type strains were used as
templates for negative controls. The plasmid PEX2B-McoD was
used as a template for positive controls.
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Laccases from different fungal species may differ in
their substrate specificities, and therefore, several substrates
should be tested to assess a laccase activity [26]. The A.
oryzae transformants expressing the A. niger McoD gene
should be tested by plate activity assays for other substrates
such as N, N-dimethyl-p-phenylenediamine sulphate
(DMPPDA), 2,6-dimethoxyphenol (DMP) and 4-amino-
2,6-dibromophenol/3,5-dimethylaniline (ADBP/DMA) to
have more insights in its substrate specificity. A large number
of transformants would show laccase activity against one
or more than one substrate. According to Tamayo Ramos,
et al. the McoD gene when overexpressed in A. niger
showed its laccase activity towards ABTS, ADBP/DMA
and DMPPDA, whereas it did not show activity when
assayed with DMP [9]. Therefore, further studies need to
be performed to examine the A. oryzae transformants for
oxidation of these substrates by the McoD laccase activity.

Expression of a target gene in a suitable fungal host
also depends on gene copy number. One copy of the gene
expression cassette was sufficient for its expression, but
an increase in copy number had a positive effect on the
expression [31]. To identify the copy number of the target
gene in a transgenic strain, real-time PCR or Southern
hybridisation could be used. Furthermore, in order to
determine the expression level of the McoD gene in
potential A. oryzae transformants, the transcription level of
the gene should be analysed by using real-time PCR with a
gene-specific primer pair or by Northern hybridisation with
a gene-specific probe.

Conclusions

In this study, we have succeeded in constructing the
binary vector pEX2B-McoD carrying the McoD laccase
gene from the black mold 4. niger under the regulation
of the strong amyB promoter. The ATMT method was
employed to successfully transfer the T-DNA containing
the McoD expression cassette from this binary vector to the
genomes of two different auxotrophic A. oryzae strains. The
A. oryzae strains expressing the 4. niger McoD laccase gene
were generated fruitfully by using the ATMT method with
the pyrG auxotrophic marker. As the obtained transgenic A.
oryzae strains possess no drug resistance gene, they are safe
for exploiting potential applications of the McoD laccase in
the future.
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Abstract:

In this study, silver/reduced graphene oxide (Ag/rGO)
nanocomposites were synthesized in situ using three
different mass ratios of silver nitrate and graphene
oxide (1:1, 2:1, and 4:1). L-ascorbic acid (LAA) was
used as an environment-friendly reducing agent. The
characterization of Ag/rGO was investigated using
Fourier transform infrared spectroscopy, X-ray
diffraction, Raman spectroscopy, and transmission
electron microscopy. The investigated results showed
that the Ag/rGO nanocomposites were successfully
synthesized with silver nanoparticles in the size range
of 10-25 nm uniform distribution on rGO sheets. The
antibacterial activity of Ag/rGO was tested against
Gram-negative (Salmonella typhimurium) and Gram-
positive (Staphylococcus aureus) bacteria using

plate colony-counting and broth dilution methods,

in comparison with individual rGO and silver
nanoparticles. The tested results showed that the Ag/
rGO nanocomposite with the AgNO,:GO ratio of 4:1
(Ag/rGO4:1) exhibited the strongest antibacterial
activity. The minimal inhibitory concentration values
of Ag/rGO4:1 against Salmonella typhimurium and
Staphylococcus aureus were 10 pg/ml and 50 pg/ml,
respectively. Hence, the Ag/rGO nanocomposite could
be considered as a potential antibacterial agent.

Keywords: nanocomposite, Salmonella typhimurium,
silver/reduced graphene oxide, Staphylococcus aureus.
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Introduction

In spite of the advanced developments in drug discovery
and biotechnology, people continue to be affected annually
by bacterial infection, making it one of the world’s
public health concerns. Conventional antibacterial drugs
are commonly used to address the problem. However,
the overuse of antibiotics and drugs has led to bacterial
resistance [1]. Therefore, various antibacterial agents,
such as carbon nanotubes, metal oxide nanoparticles [2],
graphene-based materials [3], and metal nanoparticles [4],
have been studied to resolve the issue.

Graphene oxide (GO) is a two-dimensional material
that consists of a single layer of carbon atoms arranged
in honeycomb network. Each carbon atom forms three
covalent bonds with three other carbon atoms by sp’
hybridization, creating a hexagonal structure with electron-
rich m-m conjugation system [5]. GO was fabricated
oxidizing graphite to form graphite oxide (GiO), followed by
exfoliation; thus, it contains various oxygenated functional
groups on the surface and edges, such as hydroxyl (OH),
epoxy (-O-), cacbonyl (-C=0), and carboxylic (-COOH)
[6, 7]. Similar to GO, reduced graphene oxide (rGO) is
also a two-dimensional material but has few oxygenated
functional groups on its basal plane or in its structure. It
can be synthesized by the chemical reduction of GO [8,
9]. rGO is applied in many different fields, such as biology
[6], nanoelectronics [7], energy storage devices, and water
purification [8, 9]. Recently, the antibacterial activity of
rGO has been widely researched due to the physical contact
between rGO and the bacteria cell wall. rGO sheets with
around |1 nm in diameter are capable of both deteriorating
bacteria membrane integrity and surrounding the bacteria
due to their electron-rich surfaces [2]. However, rGO
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antibacterial activity is relatively low due to the difficulty
of fabricating single-layer rGO sheets and the fact that rGO
sheets are easily accumulated. To enhance the antibacterial
activity of rGO, metal nanoparticles or metal oxides have
been employed to fabricate new nanocomposites. Among
these, silver is commonly used owing to its potential
antibacterial activity as compared with other metal
nanoparticles or metal oxides and because it causes no
harm to mammals [10]. AgNPs can easily release silver
ions, generating reactive oxygen species (ROS), such as
superoxide, hydrogen peroxide, or hydroxyl radicals [11].
Silver ions are capable of interacting with DNA, as DNA
mostly contains sulfur and phosphorus, causing DNA
replication malfunction and inhibiting bacteria growth [12].

The addition of silver in the fabrication of Ag/rGO
leads to certain advantages: (1) It prevent the irreversible
agglomerates due to strong n-n stacking tendency between
reduced GO sheets; (2) reduces the thickness of rGO
sheets; and (3) prevents aggregation of silver nanoparticles
as the rGO sheets become substrates [13]. Therefore, the
antibacterial activity of new fabricated nanocomposite
could be relatively higher in relation to its precursors.

In this work, Ag/rGO nanocomposites were fabricated in
situ with L-ascorbic (LAA) acid as a green reducing agent.
The characterization of Ag/rGO was investigated by Fourier
transform infrared spectroscopy (FTIR), X-ray diffraction
(XRD), transmission electron microscopy (TEM), and
Raman spectroscopy. Gram-negative bacteria, Sa/monella
typhimurium (S. typhimurium), and Gram-positive bacteria,
Staphylococcus aureus (S. aureus), were selected as
model strains to study the antibacterial properties of the
nanocomposites.

Materials and methods
Materials

Graphite powder (D, <20 pm) was obtained from Sigma-
Aldrich, Germany. Potassium permanganate (KMnO,,
99%), ammoniac (NH,OH), ethanol (C,H,OH, 95%), and
L-ascorbic acid (CHO,, 99.7%) were purchased from
ChemSol, Vietnam. Sulfuric acid (H,SO,, 98%), phosphoric
acid (H,PO,, 86%), hydrogen peroxide (H,O,, 85%),
chlohydric acid (HCI, 36%), silver nitrate (AgNO,, 99.8%),
poly (vinylpyrrolidone) (PVP, M =10,000), and sodium
chloride (NaCl, 99.5%) were purchased from Xilong,
China. Mueller-Hinton agar powder (500 g) and Luria-
Bertani (LB) powder were purchased from Himedia, India.
All chemicals were analytical grade and used as received

without performing any further purification.
Synthesis of GO

GO was prepared from graphite powder using the
improved Hummers method [14]. 3 g of graphite powder
was slowly added to the mixture of 360 ml of H,SO, and
40 ml of H,PO, in a 1,000 ml beaker. Then, 18 g of KMnO,
was added into the mixture, followed by a 30-minute stirring
in an ice bath. The mixture was stirred and heated to 50°C
for 12h. Then, the mixture was cooled to room temperature
and slowly diluted with 500 ml of distilled water. 15 ml of
H,0, was added and the colour of the solution changed from
brown to yellow. The mixture was centrifuged and washed
with HCI, distilled water, and ethanol, respectively, until the
pH reached 6. The solid was dried at 50°C for 24h in order
to obtain GiO.

Gi0 was then dispersed in distilled water to form a GO
suspension by sonication for 12h.

Synthesis of rGO

The rGO was synthesized by the chemical reducing
method [15]. First, 40 ml of LAA (4 mg/ml) was added
into 10 ml of GO (4 mg/ml). The mixture was stirred and
heated to 95°C for 2.5h. After that, the mixture was cooled
to room temperature. The resulting mixture was centrifuged
and washed with deionized water and ethanol, respectively,
until pH of the wastewater reached 7, and dried at 60°C. The
rGO powder was obtained.

Synthesis of silver/ammonia solution (AgNO /NH )

AgNO,/NH, was prepared by dissolving 2 g of silver
nitrate in 450 ml water, then adding aqueous ammonia
solution into the silver nitrate solution under continuous
stirring until the brown precipitates disappeared. The
mixture was adjusted to a final volume of 500 ml with
water. The concentration of AgNO, obtained in AgNO,/NH,
solution was about 4 mg/ml.

Synthesis of silver nanoparticles (AgNPs)

AgNPs was synthesized using the chemical reducing
method in a PVP environment [16]. First, 32 mg of PVP
was dispersed in 10 ml AgNO,/NH, (4 mg/ml). Then, 5 ml
of LAA (4 mg/ml) was added. The mixture was stirred and
heated to 95°C for 2.5h. Thereafter, the solution was cooled
to room temperature. The resulting mixture was centrifuged
and washed with deionized water and ethanol, respectively,
until the pH of the wastewater reached 7, and then it was
dried at 60°C. The AgNPs powder was obtained.
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Synthesis of Ag/rGO nanocomposites

The Ag/rGO nanocomposites were synthesized using an
in-situ method, in which both silver nitrate and GO were
reduced simultaneously using LAA as a green reducing
agent. The nanocomposites prepared from different mass
ratio of AgNO,:GO were labelled as AgirGOl:1, Ag/
rGO2:1, and Ag/rGO4:1.

The AgNO,/NH, solution was added into the GO
solution. The mixture was sonicated for 20 minutes, after
which, LAA was added. The mixture was stirred and heated
to 95°C for 2.5h. The resulting mixture was centrifuged and
washed with deionized water and ethanol, respectively, until
the pH of the wastewater reached 7, and then it was dried
at 60°C to obtain Ag/rGO. The volumes of reactants used to
prepare corresponding samples are shown in Table 1.

Table 1. The volumes of reactants used to prepare corresponding
samples (ml).

St AgNO,/NH, GO LAA
(4 mg/ml) (4 mg/ml) (4 mg/ml)
Ag/rGO1:1 10 10 45
Ag/rGO2:1 10 5 25
Ag/rGO4:1 10 25 15
Characterization

The XRD patterns of GO, rGO, and Ag/rGO were
studied using XRD D2 Pharser machine (Bruker AXS,
Germany) with Cu Ka radiation (A=0.154 nm). FTIR
spectra of GO, rGO, and Ag/rGO were performed by the
Tensor 27 FTIR spectrophotometer (Bruker, Germany). The
TEM images were obtained using the JEM 1400 microscope
(JEOL, Japan) at an acceleration voltage of 100 kV. Raman
spectroscopy was obtained by using LabRam HR Evolution
(Horiba, Japan) with an excitation wavelength of 632 nm
(He-Ne laser).

Antibacterial test

The antibacterial activities of nanocomposite materials
and precursors were tested using plate colony-counting
method in order to identify the material with the strongest
antibacterial potential. The minimal inhibitory concentration
(MIC) of the material was determined by dilution. S.
typhimuriu and S. aureus were obtained from Faculty of
Biology and Biotechnology, HCMUS and incubated at
37°C in LB.

Plate colony-counting method: antibacterial agents
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(rGO, AgNPs, and Ag/rGO) were added to 20 ml of the
bacterial suspension at a concentration of 200 mg/ml. The
mixture was shaken constantly at 37°C for 6h. 0.1 ml of the
diluted solution was uniformly spread in the solid medium
in the agar plate and incubated at 37°C for 24h. The growth
of the bacteria was observed by counting the total number
of colonies per dish [13].

Broth dilution method: the antibacterial agents were
added to 20 ml of the bacterial suspension at a concentration
of 0.19 to 50 mg/l. The mixture was shaken constantly at
37°C for 24h. The resazurin 0.01% indicator was added.
The color was blue at normal condition and changed to pink
if there was bacterial growth. The MIC was determined
using the test tube where the concentration was the lowest
and the color of the solution remained blue.

Results and discussion
Characterization

FTIR spectra: the FTIR spectra of GO, rGO,
Ag/tGO1:1, Ag/rGO2:1, and Ag/rGO4:1 are presented in
Fig. 1. The distinctive diffraction peaks of GO at 3422 cm,
1735 cm™, and 1400 cm™! corresponded to the vibration of
carboxylic (C=0), hydroxyl (C-OH), and epoxide (C-O-C),
respectively [17]. These results confirmed the existence
of oxygen-containing groups in the structure of the GO,
indicating that graphite was successfully oxidized to GO. It
can be seen from the FTIR spectra of rGO and Ag/rGO that
there was a decrease in the intensity of characteristic peaks
corresponding to oxygen-containing functional groups. This
indicated that GO was reduced to rGO when using LAA as a
green reducing agent [18, 19].
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Fig. 1. The FTIR spectra of GO, rGO, Ag/rGO1:1, Ag/rGO2:1,
and Ag/rGO4:1.
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XRD patterns: the XRD patterns of GO, rGO, and
Ag/rGO as shown in Fig. 2. GO exhibited a distinctive
26=9.6°, (002)
crystallographic plane with interlayer spacing d ,, =0.902
nm. In the XRD pattern of rGO, there was no characteristic
peak of GO but another peak at 20=26°, indicating

that GO has been was reduced successfully into rGO.

diffraction peak at ascribing  to

The disappearance of the diffraction peak of GO can
also be observed in the XRD patterns of Ag/rGOIl:1,
Ag/rGO2:1,and Ag/rGO4:1 fabricated materials. Inaddition,
the distinctive diffraction peaks of silver nanoparticles
can be clearly observed from the XRD patterns of
Ag/rGO1:1, Ag/rGO2:1, and Ag/rGO4:1 at 20 values of
389, 44°, 64°, and 77° ascribing to the crystallographic plane
(111), (200), (220), and (311), respectively. These results
confirmed the existence of silver in the structure of the
Ag/rGO nanocomposites [20]. Besides, the disappearance
of the characteristic peak of GO at 26=26" proved that the
nanoparticles enhanced the interlayer spacing between rGO

sheets.
- g s =
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Fig. 2. XRD patterns of GO, rGO, Ag/rGO1:1, Ag/rG02:1, and
Ag/rGO4:1.

Raman spectroscopy: Raman spectra of GO, rGO, Ag/
rGO1:1, Ag/rGO2:1, and Ag/rGO4:1 are presented in Fig.
3. G-band and D-band were approximately in the range of
1320-1335 cm™ and 1585-1610 cm™', respectively [21]. The
D-band is related to the disordered carbon and the G-band is
associated with the in-plane stretching vibration of sp?> C-C
bonds [22]. The intensity ratio of the D-band and G-band
(I/1,,) is referred to the structural imperfection of graphene-

based materials. As shown in Fig. 4, the I /I, ratios of GO
and rGO were 1.05 and 1.19, respectively. These results
showed that rGO had more defects than GO, indicating that
GO was been reduced to rGO [21]. According to Fig. 4, the
[ /1, ratios of Ag/rGO1:1, Ag/rGO2:1, and Ag/rGO4:1 were
1.20, 1.24, and 1.24, respectively, which were similar to that
of rGO. This indicated that rGO was formed in the solution
of silver ions during the fabrication of Ag/rGO.
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Fig. 3. Raman spectra of GO, rGO, Ag/rGO1:1, Ag/rG02:1, and
Ag/rGO4:1.

TEM images: TEM images of rGO, AgNPs, and Ag/rGO
nanocomposites with different mass ratios of AgNO,:GO are
shown in Fig. 4. The light-gray thin films were rGO sheets
[in Figs. 4(A, C, and E)] while black particles were silver
nanoparticles. The results showed that with the presence
of silver nanoparticles in the structure of rGO, there was
also enhancement in the interlayer spacing between rGO
sheets, which was indicated by the planar in Figs. 4(C,
E), which was lighter than that in Fig. 4A. In Fig. 4B, the
silver nanoparticles synthesized in PVP had the size range
of 50 to 60 nm. Under the same synthesis conditions, upon
replacing PVP with GO solutions, the silver nanoparticles
synthesized and the size ranged from 15 to 25 nm, as shown
in Figs. 4(C, E). The results were consistent with that of the
previous study, as given in Table 2. This difference could be
explained by the fact that rGO had high specific surface area
along with many activated sites, which located the silver
nanoparticles and prevented aggregation. The TEM images
also showed that upon increasing the amount of AgNO,, the
amount of silver nanoparticles increased as well [17, 23].
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(A)

(B)

(©

(D)

(E)

Fig. 4. TEM images of (A) rGO, (B) AgNPs, (C) Ag/rGO1:1, (D) Ag/rG0O2:1, and (E) Ag/rGO4:1.

Table 2. The size of AgNPs (nm).

Antibacterial activity evaluation

Antibacterial activity of fabricated materials: the
antibacterial activities of rGO, AgNPs, and Ag/rGO

nanocomposites with different mass ratios of AgNO,:GO

were evaluated by applying the plate colony-counting
method. The antibacterial activity of each material depends

on the number of colonies in each plate. The higher the

number of colony in each plate, the lower the antibacterial
activity of the sample was. The antibacterial activities of

rGO, AgNPs, and Ag/rGO nanocomposites against S. aureus

Materials Size References
Ag/rGO 15-25 Present work
AgNPs 50-60 Present work
Ag/rGO 20-50 [13]

Ag/GO 5-25 [23]

Ag/GO 22 [24]
AgNPs/PVP 69 [25]

and S. typhimurium are presented in Fig. 5. The results
showed that the materials showed higher antibacterial
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activity against S. typhimurium rather than S. aureus.
This could be explained by the fact that the cell wall of S.
aureus was thicker than that of S. typhimurium; and hence,
generated radicals could break the cell wall and decompose
the inner parts of the cell. Among the tested materials,
the Ag/rGO4:1 nanocomposite exhibited the strongest
antibacterial potential owing to the highest amount of silver
in Ag/rGO4:1. On the other hand, in the AgNPs sample, the
large size of silver nanoparticles and the fact that they were
covered by PVP resulted in the limitation of releasing silver

ions.
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Fig. 5. The number of colonies of S. aureus and S. typhimurium
in the presence of GO, rGO, Ag/rGO1:1, Ag/rG02:1 and

Ag/rGO4:1.

Ag/rGO2:1 Ag/rGO4:1

MIC value: the MIC value of Ag/rGO4:1 was
determined using the broth dilution method, as shown in
Fig. 6. According to this, the MIC values of Ag/rGO4:1
against S. typhimuriu and S. aureus were 10 mg/l and 50
mg/l, respectively. The higher MIC against S. typhimurium
rather than S. aureus showed that S. typhimurium was more
easily inhibited than S. aureus.
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Fig. 6. Experiment to determine MIC of Ag/rGO4:1 against (A)
S. aureus and (B) S. Typhimuriu.

Conclusions

The analysis results pertaining to XRD, FTIR, Raman,
and TEM showed that Ag/rGO nanocomposites was
fabricated successfully in situ. The silver nanoparticles in
the size range of 10-25 nm were decorated uniformly on rGO
sheets. The antibacterial test showed that the fabricated Ag/
rGO had a strong antibacterial potential. Upon using more
silver nitrate, the amount of silver nanoparticles increased,
and hence, the antibacterial activity was enhanced. The Ag/
rGO nanocomposites exhibited the strongest antibacterial
activity, with the MIC value against S. #yphimuriu and S.
aureus being 10 mg/l and 50 mg/1, respectively. Therefore, it
can be concluded that the fabricated Ag/rGO nanocomposite
has great potential in antibacterial field.
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Abstract:

The Vietnamese Mekong river delta (MD) is recognised
as the biggest agriculture and aquaculture region of
Vietnam. The MD plays an important role in ensuring
food security for the country. The MD also has many
sensitive ecosystems reliant on the ecology of the
Mekong river basin. However, during the last decade,
many electricity generation plants, both renewable and
non-renewable power projects, have been built and
some will be built in the near future in the MD. These
energy plants’ construction and operation may prove to
be a challenge to the national energy strategy.

This paper is a monograph review of two sides of
energy sector industrialisation in the MD with a focus
on ‘green’ and ‘grey’ socio-economic development (as
‘xanh’ and ‘xam’ in Vietnamese respectively). ‘Green’
energy is understood as the electricity generated from
inexhaustible sources and known as renewable energy.
It emits fewer greenhouse gases and causes less harm
to habitats in comparison to traditional fossil fuels
and hydropower. ‘Grey’ energy is another word for
non-renewable energy or polluting energy, which can
have negative effects on human health, environment,
and climate. This paper finds that the MD’s energy
development plans at present might not be as ‘green’
as expected, due to more ‘grey’ power plans in the
planning pipeline. This paper also considers an outlook
on energy prices and impacts on long-term sustainable
development of the MD.

Keywords: air pollution, energy sector, green or grey,
Mekong river delta, sustainable development.
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Background

The MD of Vietnam is located between 8-11° latitude
and 104-106° longitude, belonging to a monsoonal humid
subtropical climate zone of South East Asia Region (Fig. 1).
Since it lies in the most downstream portion of the Mekong
river basin before entering the East Sea via seven river
mouths, the topography of the MD is very low and flat. The
MD’s average land elevation is less than 1.5 meter above
the mean sea level. The MD climatic regime is dominated
by two seasons: the dry season, from December to April and
the rainy season, from May to November. Annual rainfall is
substantial in all provinces, ranging from 1,600 (the North-
West areas) to 2,200 millimetres (the South-East coastal
areas), with humidity averaging 85% throughout the year.
More than 85% of the precipitation in the MD, within 100 to
110 rainy days, occurs during the monsoon season. Because
the MD has strong solar radiation potential, the average
daily temperatures in the MD are rather high - varying
between 25-29°C with monthly average temperatures
invariant throughout the year. In the dry season, the MD
receives a lot of solar radiation resulting in a very high
surface land temperature (Fig. 1). The absolute minimum/
maximum temperatures in the MD rarely exceed 15/39°C.
In general, weather and river flows’ characteristics support
very favourable conditions for agriculture and aquaculture
development of the MD when compared with other regions
in Vietnam. The MD is drawn on a rich endowment of
biomass to achieve the highest levels of agriculture -

aquaculture - mangrove forest production in the nation [1].
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Flg 1. Map of the MD’s land surface temperature distribution
treated by using MODIS satellite image on 10 Feb. 2010 [2].

Power development policies in Vietnam

On 17" June, 2010, the Law on Economical and Efficient
Use of Energy was promulgated by the National Assembly
[3]. The main purpose of this Law is to provide economic
and efficient use of energy; policies and measures to promote
economic and efficient use of energy; and to outline the
rights, obligations and responsibilities of organisations,
households and individuals for economic and efficient use
of energy. One year later, the National Master Plan for
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Fig. 2. Energy structure distribution in percentage in 2013 and
2030 (Graphic drawing by Le Anh Tuan from data source in PDP
VII Revised).
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Power Development for the period of 2011-2020 with the
vision for 2030 (called shortly PDP VII) was approved by
the Vietnamese Government in Decision 1208/QD-TTg [4].
In March 2016, the Prime Minister approved the revision
of the National Power Development Master Plan for the
period of 2011-2020, vision for 2030 with main target to
satisfy the country’s electricity demand and to meet the
objectives of national socio-economic development with an
average GDP growth of about 7.0% per year through the
period 2016-2030. According to the PDP VII Revised, the
electricity generation mix for 2013-2030 is demonstrated
in Fig. 2. The development of renewable energy sources
for electricity production will increase from 3.7% of total
electricity production in 2013 to 10.7% by 2030. However,
coal thermal power distribution for the country from 19.8%
in 2013 will rise up to 58.2% in 2030, while hydropower
as a primary electricity source will fall down from 42% to
12.4% during the period 2013-2030. The plan discusses how
Vietnam will apply nuclear power generation for electricity
with 5.7%, but the country’s current plans for nuclear power
generation have been put on hold indefinitely.

Environmental concepts on energy sector:
Egrev!

Green energy (or ‘xanh’ in Vietnamese) comes from
natural sources such as sunlight, wind, rain, tides, plants,
algae and geothermal heat. These energy resources are
renewable, meaning they can be naturally replenished

‘green’ or

[5]. Green energy sources have significantly lower carbon
footprints when compared to other energy generation
sources. Renewable and nuclear sources are near-zero
carbon generation sources [6].

Traditionally and predominantly, many countries have
burned fossil fuels as coal, oil, gas or combustible fuels
as solid-waste or biomass in thermal power plants for
electricity production. Fossil fuels are exploited by either
mining or drilling deep into the earth and sea, often in
ecologically sensitive locations. Almost all thermal power
plants produce pollutants such as greenhouse gases (carbon
dioxide, water vapor) and acid gas emissions (sulphur
dioxide and nitrogen oxide) as a by-product, contributing
to global warming phenomenon and to climate change.
Gaining access to fossil fuels typically requires either
mining or drilling deep into the earth. Coal-thermal plants
are favourable to build because coal is inexpensive, plentiful,
relatively easy to transport, and easy to purchase in the
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global market [7]. In 2012, coal was responsible for 72% of
electricity-sector emissions [6]. Coal and other fossil fuel
burning power plants are environmental polluters. They are
known as ‘grey’ energy (or ‘xam’ in Vietnamese) and can
have negative effects on human health, environment, and
climate. Even the most efficient coal plants generate twice
as much carbon pollution as gas-fired power plants and over
20-80 times more than renewable energy systems.

Since the late 19th century up to the present, hydropower
has been a popular source for generating electricity in
America, Europe and Asian countries. Although hydropower
is considered, by many, as a renewable energy, most
hydropower plants are built with large reservoirs-dams,
which block rivers. This can have significantly negative
social and environmental impacts. Additionally, hydropower
is associated with deforestation for reservoir building,
which may emit more greenhouse gas concentration in the
atmosphere. So, a large-scale hydropower plant is possible
to rank as a term of grey energy. Officially in Vietnam,
large-scale hydropower plants are not labelled as a form of
renewable energy.

Energy power development in the MD
Green energy development

As part of the Power Development Master Plan VII
released in July 2011, the country will give priority
to developing renewable energy sources. The rate of
renewable power is planned to account for 4.5% by 2020
and 6% in 2030. However, the revised Power Development
Master Plan VII released in March 2016 adjusted those
rates upward. In PDP VII, power from renewable energy
is estimated at 4.5% by 2020 and 6.0% by 2030, compared

Vietnamese
Mekong Delta
Wind Speed
Distribution
(MeSo Map)
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Bl 5.50-575
[ 575-6.00

WEST SEA

with the system’s total power output. The estimated capacity
by 2020 shall be at 5.6% and 10.7% by 2030.

In 2013, the total installed capacity of renewable energy
was approximately 1,800 MW, accounting for 5.6% of total
installed capacity and approximately 3.8% of total power
production. In the recent years, the share of power produced
from renewable energy is increasing primarily through
small hydropower development (installed capacity less than
30 MW). Thus, the actual share of renewable energy in the
power mix has reached its set target seven years earlier
than expected in PDP VII. With the current trends related
to renewable energy technologies and cost reductions,
promoting additional contributions of renewable energy
to meet Vietnam’s future power demand is a promising
opportunity.

The MD has approximately 700 km long coast lines
facing the East Sea and the Gulf of Thailand, the Delta is
advantageously positioned to receive wind streams from the
sea. The potential of wind energy in Tra Vinh, Soc Trang
and Bac Lieu coastal lines at the height of 80 m above the
coastal land surface, with the average wind speed reaching
the range of 5.57-6.0 m/s is presented in Fig. 3. According
to [8], Cong Ly Construction-Trade Tourism Limited
Company has invested in an installation of 52 wind turbines
each having a 1.6 MW capacity, for a total capacity of 83.2
MW in Bac Lieu province. The Bac Lieu wind farm will
have a gross annual electricity output of 335.2 GW hours at
full operational capacity. This power plant reduces 143,761
tCO, emissions on average per year and 1,006,328 tCO,
over the first crediting period [9]. The project’s third phase
will reach a total wind power capacity of up to 300 MW by
2030 as expected.

East Sea

Truong Sa .

T

o ]

Fig. 3. Wind speed (m/s) distribution map in the MD based on the Meso Map simulation [10].
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It is estimated that the entire MD receives about 2,000-
2,600 sunshine hours per year. Can Tho, a central city in
the MD, receives around 2,300+200 sunshine hours per
year (equivalent of 6.300 MJ/m? per year), corresponding
to more or less 2,000 kWh/m? per year [1]. Aisma, et al.
[11] have reported that the South of Vietnam (including the
East South and the West South Region) has a maximum
regional solar photovoltaic (PV) resource potentials up to
535 GW. Based on 2014 statistical data for rice production
[12], the MD produced nearly 5 million tons of rice husk
taken from 20% of 24.7 million tons of harvested rice grain.
Furthermore, about 26 million tons of rice straw is produced
annually [13]. Assuming that a half of provincial rice husk
amounts from paddy milling stations are used to make
rice husk charcoal briquettes, the MD can also produce
approximately 1.1 Million Kcal per year for heating value
or equivalent of 265,160 KJ per year.

Grey energy from burning fossil fuels

According to the Revised Power Development Plan VII
to respond to the increasing power demand in the MD, the
government plans to build 13 additional new coal-thermal
power plants taking the existing total to 14 by 2030. See

Table 1. List of coal-fired power plants in the MD [14].
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Table 1 and Fig. 4 for a list of coal fired power plants. With
14 coal thermal plants equivalent to estimated approximate
110.34 billion kWh power produced annually by 2030,
the MD will become Vietnam’s top region for coal power
production. These 14 coal-fired thermal power plants will
increase the total capacity of Vietnam’s power generation
15 times by 2030 (Table 2).

The amount of coal used for generating power from those
plants will also increase to 15 times higher than the current
amount. While pollution control equipment can reduce toxic
air emissions, they only eliminate a portion of pollution.
Instead, they transfer much of the toxic air pollutants to
liquid and solid waste streams. Oftentimes, companies and
governments’ priorities profit public health concerns and
thus a full suite of available pollution control equipment is
not installed. In these cases, toxic pollution still goes into
the air, leading to premature deaths and increased rates of
diseases. Moreover, according to international experiences,
coal power has the highest portion of water consumption
among energy generation processes. Coal plants consume
vast amounts of water for cooling and steam production.
A typical 1,000 MW coal plant uses enough water in one

Names of Total capacity . Water used
No coal thermal plants MW) COSILIEESS Locations (Mil. m*/day)
1 Duyen Hai I 1,200 Quang Ninh
2 Duyen Hai II 1,200 Import
Tra Vinh 16.5
3 Duyen Hai II1 1,200 Quang Ninh
4 Duyen Hai IV extended 660 Import
5 Song Hau [ 1,200 Import
Hau Giang 12.4
6 Song Hau II 2,000 Import
7 Long Phu I 1,200 Import
8 Long Phu IT 1,320 Import Soc Trang 16.7
9 Long Phu III 1,800 Import
10 Long An 1 1,200 Import
Long An 10.8
11 Long An II 1,600 Import
12 Tan Phuoc I 1,200 Import
Tien Giang 9.3
13 Tan Phuoc 11 1,200 Import
14 Bac Lieu 1,200 Import Bac Lieu 4.6
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Table 2. Key figures about coal-fired power plants in the MD.

Key figures 2016 2030 Comparison
Number of plants 1 14 14 times higher
Installed capacity 1,245 MW 18,390 MW 15 times higher
Annual power production output 7.47 billion kWh/year 110.34 billion kWh/year 15 times increased
Coal fuel consumption 3.36 million tons/year 49.7 million tons/year 15 times higher
Coal ash 1.1 million tons/year 16.6 million tons/year if using coal 15 times higher
from Quang Ninh mines

Water demand 5.38 million m*/day 79.44 million m*/day 15 times higher
CO, emission 6.7 million tons CO, 99.3 million tons CO, 15 times higher

Phrom Penh

AnGiang

Rah Gia

Gulf of
Thailand

Bl
L Coal fired thermal plant 0

Petro-gas - thermal plant

Fig. 4. Location map of proposed thermal power plants in the South-West of

the Hau river (Bassac) area.

year to meet the basic water needs of 500,000 people. The
operation of coal power plants in the MD in the near future
will likely add another layer of threat for water resources in
this region, especially during the dry season. Technology to
capture and store carbon dioxide is expensive and largely
unproven.

Discussion

The application of renewable power generation such as
wind, solar and biomass energy in the MD will contribute

Vietnamese East Sea

_J

to a sustainable green revolution. Although
initial installation costs for these renewable
energy sources are rather high compared to
hydro and thermal electricity, these renewables
provide virtually no additional environmental
pollution impacts and fit well within the Clean
Development  Mechanism’s  expectations.
However, the cost of renewable energy scoping
and operation will decrease rapidly over time.
According to the International Renewable
Energy Agency (IRENA) [15], costs of most
renewable energy generation has fallen below
the price range of fossil fuel generation. Solar
photovoltaic (PV) is most competitive. Solar
PV module prices in 2014 were around 75%
in comparison with prices from 2009. Between
2010 and 2014, the total installed costs of
utility-scale PV systems have fallen by 29% to
65%, depending on the region. The Levelised
Cost of Energy (LCOE)' of utility-scale solar
PV has fallen by half in four years. The most

100 km

competitive utility-scale solar PV projects
are now regularly delivering electricity for just $0.08/
kWh without financial support, compared to a range of
$0.045 to $0.14/kWh for fossil fuel power plants. LCOE
cost of electricity generated from biogas, geothermal, and
hydropower have remained unchanged since 2010. Onshore
wind is also an increasingly competitive energy source. In

'According to IRENA (2014), the LCOE of a given technology is the ra-
tio of lifetime costs to lifetime electricity generation, both of which are
discounted back to a common year using a discount rate that reflects the
average cost of capital.
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addition to the reduction in installation costs, technology
improvement has contributed to the decreasing LCOE.
Some wind projects with a preferable location can have the
price of $0.05/kWh without financial support.

Under the national electricity generation development
program, coal-run thermal power will take up 60% of the
country’s total electricity output. The policy of building
14 coal fired thermal power plants, if fully or partially
implemented, will subject the MD to a number of risks
for sustainable development. The burning of coal emits
hazardous air pollutants that can spread for hundreds
of kilometres throughout the MD. Exposure to these
pollutants can damage people’s cardiovascular, respiratory
and nervous systems, increasing the risk of lung cancer,
stroke, heart disease, chronic respiratory diseases and
lethal respiratory infections. Children, the elderly, pregnant
women, and people with already compromised health will
suffer most. The emission of sulfates and nitrates also leads
to acid rain, which damages streams, forests, crops and
soils. It is noticed that coal as fossil fuel source for Duyen
Hai I and Duyen Hai III thermal power plants is mainly
exploited from anthracite reserves in Quang Ninh province
but these reserves are expected to deplete by 2030. Other
coal-fired power plants in the MD will have to import coal
from Australia or Indonesia.

In Vietnam, according to Decision 37/2011/QD-
TTg [16], the buyer must purchase 100% of wind power
production at 7.8 US Cent/kWh. The investor can enjoy
preferential loans and tax reductions or fee exemptions.
However, according to some experts, with the current level
of incentives, investors still suffer heavy losses. With such
mechanisms, wind power cannot be developed as expected.
With the target of increasing the total wind power capacity
from the current 52 MW to around 1,000 MW by 2020 and
6,200 MW by 2030, the share from wind power will account
for 0.7% in 2020 to 2.4% in 2030. However, progress is very
difficult to achieve without changing current mechanisms.

Regarding biomass, Decision 24/2014/QD-TTg
[17] decided that biomass energy will be sold at 5.8 US
Cent/kWh. Investors also enjoy advantages in capital and tax
exemptions similar to wind power. There are 41 sugar mills
in Vietnam using bagasse to produce self-service electricity
with a capacity of about 150 MW. It is said that to build a
plant of biomass power from bagasse, tariffs need to be at
least 8 US Cent/kWh because bagasse power plant requires
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about $750,000 to $1 million/MW of installed capacity.
Thus, expectations regarding the tariff of domestic biomass
power at 8-9 US Cent/kWh over the next three to five years
seem to be impossible. Therefore, it is necessary to have
more support for the feed-in tariff from the Government.

In term of solar power, there has not been any
mechanism to encourage the development of solar power
so far, specifically in remote and off-grid areas. Currently,
the Government is ordering the MOIT to complete the
mechanism for grid-connected solar power, including energy
market sharing quota mechanism and long term stable
electricity price frameworks. Besides, the Government
should consider to provide financial support for effective
combined renewable energy sources models as well as
to exempt renewable energy production and circulation
taxes as one of the climate change mitigation solutions of
Vietnam.

Conclusions

Based on scientific evidences and discussion, it is
important for the government to issue new policies, which
will remove barriers of renewable energy development.
Using more renewable energy and reducing the share of
coal-fired power means reducing greenhouse emissions and
ensuring energy security, which is believed to be the best
method for current electrical systems in Vietnam.
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Abstract:

Cuc Phuong National Park is a natural reserve located
in Ninh Binh, Hoa Binh and Thanh Hoa provinces.
Cuc Phuong is Vietnam’s oldest National Park and
also is one of the most important sites for biodiversity
in Vietnam. Little is known about the diversity of
macrofungi in this special area. This paper presents
the collecting process of fungal samples and the
identification and description of some fungal species
belonging to the genus Volvariella (Pluteaceae) based
on the morphological characteristics in Cuc Phuong
National Park, Ninh Binh province. This study
identified S species including Volvariella murinella,
Volvariella gloiocephala, Volvariella volvaceae,
Volvariella taylorii, and Volvariella pusilla. Interestingly,
of them, 4 macrofungus species were first recorded at
this National Park.

Keywords: Cuc Phuong National Park, mushroom, new
records, Pluteaceae, Volvariella.

Classification number: 6.1

Introduction

Volvariella is a large genus belonging to the family
Pluteaceae, order  Agaricales, = Hymenomycetidae,
Eubasidiomycetes, Basidiomycotina and Eumycota [1].
Most of the Volvariella species possess some morphological
characteristics such as a volva at the bottom of the stipe, none
annulus, none pink gills, none free lamellae, not attached to
the stipe, spore print pinkish or brownish, pink spores thin-
walled to somewhat thick-walled and growing on porous
soils or on wood. However, some Amanita species are also
superficially similar to Volvariella, and therefore, they are
easily recognised as Amanita.

Volvariella species are best known as valuable foods.
Many of them are natural nutrient sources rich in proteins,

*Corresponding author: Email: lthuyen@hunre.edu.vn.
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amino acids, minerals and vitamins A, B, C, D, E, etc. In
addition, some species have medicinal value. At present,
some species are being studied for the processing or
extraction of bioactive ingredients for the production of
drugs that support the treatment of many diseases.

Materials and method
Morphological description

This study is based on samples collected during the
period 2016-2017. The materials are deposited at the Faculty
of Environment, Hanoi University of Natural Resources and
Environment (Vietnam).

Macromorphological features are all based on fresh
materials and all aspects of size, shape, colour and colour
changes, texture, odour and taste are documented [2].
Features of both young and old fruit bodies were recorded.
The colour was described in daylight using terms and
notations in a colour guide by Kornerup and Wanscher
(1978) [3].

Micromorphological characteristics were documented
from the analyses of dried materials. Spores were observed
for measurements and drawings; all other structures were
observed in 2-5% KOH or Congo-red.

Microscopy technique:

Add 3 small drops of distilled water to the microscope
slide, and then cut 3 small pieces of mushroom in the pileus,
lamella and stipe. Then, put them on each drop of water.
Use a razor blade to chop the samples. Cover them with the
lamen and then press lightly.

Observe specimen at the lens of x 4, x 10 and x 40. Then,
add a drop of immersion oil on the specimen on the glass at
a lens of x 100.

(Note: when glassing at the lens of x 100, only return to
observe at the lens of x 4 and x 100).

Microscopic data need to be determined:
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Spore (atlamella): size, shape, colour and structure (thick
or thin, having internal substance or not, internal substance
is coloured or colourless, there is a pillar layer between 2
layers or not); Basidia (at lamella): size, shape, number of
horns, colour and structure (thick or thin, internal substance
is coloured or colourless); Cystidia (at lamella): size,
shape, density, colour and structure (thick or thin, internal
substance is colour or colourless); Pileipellis (at pileus) and
Stipitipellis (at stipe): size, shape, having branches or not,
having partitions or not, structure of pileipellis (thick or
thin, internal substance is coloured or colourless); Clamp
connection, if present.

The approach of fungal identification

All the species were identified from Volvariella
according to taxonomy by Ahlawat, et al. (2010) [4], Dutta,
et al. (2011) [5], A. Justo and M.L. Castro (2010) [6] and
Seok Soon-Ja, et al. (2002) [2].

The taxonomy of the species was described, and the
illustrations were then compared with the species checklist
in Vietnam by Tam Kiet Trinh (2011, 2014) [7, 8] and Van
Mao Tran (2005) [9].

Results and discussion

Key to species of Volvariella from Cuc Phuong National
Park

1. The largest spores being more than 11 um long; the
cap spread out, thick, white or brownish grey, rugged and

brownish grey top of cap .................. V. gloiocephala.
2. Growing on humus soil .............ccooviiiiiininn. 3
2’. Growing on soil in the coniferous forest ......... 4

3. The diameter of the cap being about 5-10 cm, blackish
brown, grey, volva externally date white or brownish grey
......................................................... V. volvacea.

3’. Unclear volva, just roughly, white ...... V. murinella.

4. Cone-shaped or umbonatae cap. White, dry, smooth
surface. Small cap less than 5 cm, volva grey to pale
brownish grey ... V. pusilla.

4’. Cap with whitish, greyish to pale brownish grey hairs,
cap dry and wrinkled.......................ol V. taylorii.

1. Volvariella murinella (Quél.) M.M. Moser, in Gams,
Kl. Krypt.-Fl. Mitteleuropa - Die Blétter- und Baupilze
(Agaricales und Gastromycetes) (Stuttgart) 2: 110 (1953).

Syn: Volvaria murinella Quél., Compt. Rend. Assoc.
Frang. Avancem. Sci. 11: 391 (1883) - Volvariella murinella
(Quél.) M.M. Moser ex Dennis, P.D. Orton & Hora, Trans.
Br. mycol. Soc. 43(2): 167 (1960) (see in Figs. 1-3).

CN27.17

lcm

Fig. 2. Microscopic characteristics of Volvariella murinella.
(A) Pileus, (B) Spore, (C) Basidia, (D) Cheilocystidia, (E)

Pleurocystidia, (F) Pileipellis.

Fig. 3. Microscopic images of Volvariella murinella.

Pileus 3-6 cm wide, cone when young and umbonatae
when mature, surface with greyish to pale brownish,
smooth, clear hairs, edge white, unclear, easy to separate
when expanded. Context thick, spongy, soft, white to
pinkish. Lamellae free, subcrowded to crowded, at first
white then becoming pinkish, spacing about 0.7-1 mm,
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breadth 0.2-0.4 mm and the number of series is 3. Pink
spore prints. Stipe 3-10 ¢cm long, 0.5-1.5 wide, cylindric
to subcylindric, expanded at the bottom, white or brown,
roughly and unclear volva at the base. Spores 4.8-5.6 x 4.9-
6.6 um, ellipsoid. Basidia 19-25 x 6-7 um, clavate shaped
and 4-spored. Cheilocystidia with size from 45-65 x 8-15
um, clavate, subfusiform or ventricose lageniform. Size of
pleurocystidia from 20-30 x 10-15 um, clavate. Pileipellis is
a cutis made up of shortcelled hyphae.

Sign: CN27.17-20/7/2017 - Hoa Mac lake - 20°14°52”N
- 105°29°38”E; M131.17 - 8/6/2017 - Hoa Mac lake -
20°21°42”N - 105°39°50”E, Cuc Phuong National Park,
Ninh Binh.

Edibility: unknown.
Habitat: terrestrial, on porous soils, high humidity.

Comments: when comparing our specimens collected
from Cuc Phuong National Park to Volvariella murinella of
T. Boekhout (1986) [10], it was noted that they have some
similar features of morphology and microscopy as follows:
pileus in float shape - convex, brown-grey, fade to the
outside, visible fuzz on the surface; pink-white stipe; spore
in ellipse shape; cheilocystidia in the rhombus shape- fusoid;
Pleurocystidia in the bottle shape. Compared to T. Boekhout
(1986), the morphological characters of our specimens
are clearer and consistent with the documentation of, for
instance, basidia, pileipellis. According to T. Boekhout
(1986), Volvariella murinella grow on moist soil or sandy
soil, under trees with a large canopy and appears in the local
area.

Comparing our specimens with Volvariella murinella of
Dong Anh Tran (2013) [11], it was noted that there are some
similar features such as: shape of pileus, size of pileus, and
gills; the most similar feature according to Dong Anh Tran
(2013) is unclear volva only slightly rising. This paper has
described the morphology as well as the microscopy more
clearly and fully of cheilocystidia, pleurocystidia, pileipellis
and some external morphological features of species.

2. Volvariella volvacea (Bull.) Sing. in Lilloa 22: 401,
(°1949°) 1951 var. volvacea.

Syn: Agaricus volvaceus Bull., Herb. France: pl. 262.
1786; Agaricus volvaceus Bull: Fr., Syst. mycol. 1: 278.
1821; Volvaria volvaceus (Bull.: Fr.) Kumm., Fuhr. Pilzk.:
99. 1871; Volvariopsis volvacea (Bull.: Fr.) Murrill in N.
Amer. F1. 10: 144. 1917; Agaricus virgatus Tent. Disp. meth.
Fung.; 66. 1797; Volvaria virgata (Pers.) Quél. in Mém.
Soc. Emul. Montbéliard, sér. II, 5: 344. 1873 (Champ. Jura
Vosges 2) (see in Figs. 4-6).
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Fig. 5. Microscopic characteristics of Volvariella volvacea.
(A) Pileus, (B) Spores, (C) Basidia, (D) Cheilocystidia, (E)
Pleurocystidia, (F) Pileipellis.
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Fig. 6. Microscopic images of Volvariella volvacea.

Pileus 2.5-5 cm, ellipse-shaped with young specimens,
expanded development to convex or broadly conic, flat,
dry, hairs spread out uniformly, greyish, blackish brown
or nearly black when young. Context soft, solid, spongy,
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white to pale brownish. Lamellae free from the stem, white
when young and becoming pink when they mature, close or
nearly crowded, spacing about 0.5-1 mm, breadth 0.2-0.4
mm. Pink spore prints. Stipe 3-7 cm long, 0.5-1 cm wide,
cylindrical shape, expanded at the bottom, a volva at the
base; dry; whitish or brownish; silky, volva is brownish grey
to nearly black above and whitish below. Odour likes moist
straw. Taste sweetish. Spores 4.6-5.8 x 7-8.5 um; ellipsoid
to elongate or somewhat ovoid. Pleurocystidia 25-30 x
10-15 um and cheilocystidia 40-58 x 10-12 pm, variously
shaped but mostly fusoid-ventricose or clavate. Pileipellis a
cutis made up of shortcelled hyphae.

Edibility: edible, high nutritional value.

Habitat: terrestrial or gregarious on porous soils, high
humidity, hot and humid time in summer.

Sign: CN33.17-20/7/2017 - Hoa Mac lake -20°15°24”N
- 105°32°54”E; CN34.17 - 20/7/2017 - Hoa Mac lake -
20°16°43”N - 105°33°30”E, Cuc Phuong National Park,
Ninh Binh.

Comments: comparing this to the research of Dong Anh
Tran (2013) [11], it was noted that there are some similar
features in morphology, such as: at first, toadstool in the egg
shape, as mature pileus in cone shape, convex at the top
and flat expanding on both sides; smooth surface, smooth
white grey yarns, black mushroom top; odour are soft,
sweet and slightly sour, stipe is smooth and white, volva
is calyx, dark grey or ash grey; basidia is the mace shape
with 4 horns. Compared to Volvariella volvacea of Dong
Anh Tran (2013), I have described the morphology as well
as the microscopy of the CN33.17 sample more clearly
and fully. According to Dong Anh Tran (2013), Volvariella
volvacea appears in the North provinces mainly from April
to November and Southern delta all year. Compared to
the research by Seok Soon-Ja, et al. (2002), the CN33.17
sample collected from Cuc Phuong National Park has many
similar features in microscopy, such as spores, basidia,
cheilocystidia, pleurocystidia and pileipeillis. However, our
specimens have not yet described the fibre system such as
stipitipellis and the structure of the fibre system of volva.

Compared to M. Kuo (2008) [12], our specimens also
has some similarities with the Volvariella volvacea species,
such as toadstool has the egg shape at early ages, pileus
has the cone shape with slightly convex top as mature, or
the pileus enlarges almost flat, dry surface, grey colour and
white or brown stalk. Compared to the microscopy with
Volvariella volvacea of M. Kuo (2008), our specimen also
has some similar characteristics such as the shape of spores,

cheilocystidia, pleurocystidia and pileipellis. However, M.
Kuo (2008) did not characterise the morphology of basidia.
According to M. Kuo (2008), Volvariella volvacea grows
in clusters, in woody forests, greenhouses, flower gardens,
composting piles and similar locations all year depending
on the climate, but they often grow in the summer and
are widely distributed in North America, more commonly
in the Eastern Great Plains. Thus, our specimens were
collected in Cuc Phuong National Park and have many
same morphological and morphological characteristics
with Volvariella volvacea of Seok Soon-Ja, et al. (2002),
Dong Anh Tran (2013) and M. Kuo (2008). As a result, we
recognise that our samples belong to the species Volvariella
volvacea.

3. Volvariella gloiocephala (DC.) Boekhout & Enderle,
Beitrdge zur Kenntnis der Pilze Mitteleuropas 2: 78 (1986)
(see Figs. 7-9).

Syn: Agaricus gloiocephalus DC. in DC. & Lam.,
Fl. franc. 6: 52. 1815; Agaricus gloiocephalus DC.:
Fr., Syst. Mycol. 1: 278. 1821; Volvaria gloiocephala
(DC.: Fr.) Gillet, Hyménomyceétes: 388. 1876; Volvaria
speciosa gloiocephala  (DC.. Fr.)) R. Heim
in Rey. Mycol. 1, Suppl: 89. 1936; Jolvariella
speciosa var. gloiocephala (DC.: Fr.) Sing. in Lilloa 22: 401.
(°1949°) 1951; Volvariella speciosa f. gloiocephala (DC.:
Fr.) Konr, & M., Ic. sel. Fung. 6: 52. 1924; Volvariella
speciosa f. gloiocephala (DC.: Fr.) Court. in Bull. Soc.
mycol. Nord. 34: 16. 1984; Amanita speciosa Fr., Observ.
mycol. 2: 1. 1818; Agaricus speciosus (Fr.) Fr.: Fr., Syst.
mycol. 1: 278. 1821; Volvaria speciosa (Fr.: Fr.) Kumm.,
Fiihr. Pilzk.: 99. 1871; Volvariella speciosa (Fr.: Fr.) Sing.
in Lilloa 22: 401. (‘1949°) 1951; Agaricus emendatior Berk.
& M. A. Curtis, in Ann Mag. nat. Hist., ser. 111, 4: 288. 1859.

var.

Fig. 7. Volvariella gloiocephala.
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Fig. 8. Microscopic characteristics of Volvariella gloiocephala.

(A) Pileus, (B) Spores, (C) Basidia, (D) Cheilocystidia,
(E) Pleurocystidia, (F) Pileipellis.
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Fig. 9. Microscopic images of Volvariella gloiocephala.

Pileus 5-13 cm, void when young, becoming somewhat
campanulate to convex or umbonatae, dry, surface with white
and smooth hairs, greyish or brownish top of pileus. Context
flesh, soft, spongy, thin, white. Lamellae free, subcrowded
to crowded, edge fimbriate, white when young and then
becoming brownish-pink, spacing 0.5-1 mm, breadth about
0.2-0.3 mm. Pink spore prints. Stipe 8-12 long, 1-1.5 thick,
white to pale brownish, cylindric to subcylindric, expanded
at the bottom and glabrous. Sack-like volva which may be
prominent, white. Spores 11-14 x 6-8 um, ovoid or elipsoid.
Basidia 30-35 x 10-14 pm, 4-spored. Pleurocystidia 30-50
x 15-25 um subcylindric to fusoid at times with knob at the
apex or not. Cheilocystidia 50-75 x 15-25 um, fusoid with,
the neck enlarged or slender, clavate at times with long
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neck. Pileipellis consist of gelatinous hyphae, branched.
Edibility: edible.
Habitat: terrestrial on porous soils, high humidity.

Sign: M246.17 - 8/8/2017 - Antediluvian cave
- 20°20°22”N - 105°37°46”E; M247.17 - 8/7/2017 -
Antediluvian cave - 20°20°23”N - 105°37°48”E, Cuc
Phuong National Park, Ninh Binh.

Comments: compared to the research of Seok Soon-
Ja, et al. (2002) [2], the M246 sample collected from Cuc
Phuong National Park has many similar features such as the
Pileus is large, oval-shaped, slightly convex at the top, as
they mature, it becomes almost flat (umbonate), it is covered
with fine white fuzz, has light brown, darker mushrooms
edges, slightly dry surface, the pileus meat is thin, white and
soft; lamella are freely lined up closely and is pink brown
as they mature; the stalk is cylinderical, white and expanded
to the bottom; the spores are egg-shaped and the basidia is
mace-shaped with four horns; the pleurocystidia is fusoid-
shaped with a knob at the apex; the cheilocystidia is oval.
Mostly, the M246 sample has the similar morphological and
morphological characteristics compared to the Volvariella
gloicephala species from Vietnam. According to Seok
Soon-Ja, et al. (2002), the Volvariella gloiocephala species
is edible, distributed shingly on humus areas, especially in
shiitake plantations.

Compared to M. Kuo (2008) [12], the M246 sample also
has similarities with the Volvariella gloicephala species
such as: size of pileus, shape of pileus, colour, lamella,
stipe, spore, cheilocystidia and pleurocystidia. However, M.
Kuo (2008) did not clearly describe the surface of pileus,
the substance in context, the substance in stipe, lamella,
basidia and pileipellis. According to M. Kuo (2008), the
Volvariella gloiocephala species is edible and distributed
individually in gardens, lawns and firewood, mainly in the
forest and grows primarily in the North in spring and in
southern California in the winter, and is widely distributed
in North America.

Based on the morphological and microscopic
characteristics of the Volvariella gloiocephala species
observed by Seok Soon-Ja, et al. (2002), M. Kuo (2008), it
is noted that our specimen (M246.17) has many similarities
with them. Therefore, I identify that the specimen M246.17
belongs to the Vovariella gloiocephala species.

4. Volvariella taylorii (Berk. & Broome) Singer [as
‘taylori’], Lilloa 22: 401 (1951).

Syn: Agaricus taylorii Berk. & Broome [as ‘taylori’],
Ann. Mag. nat. Hist., Ser.2 13: 398 (1854) - Volvaria taylorii
(Berk. & Broome) Gillet [as ‘taylori’], Hyménomycétes
(Alengon): 386 (1876) (see Figs. 10-12).
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Fig. 11. Microscopic characteristics of Volvariella taylorii.
(A) Pileus, (B) Spores, (C) Basidia, (D) Pleurocystidia, (E)

Cheilocystidia, (F) Pileipellis.
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Fig. 12. Microscopic images of Volvariella taylorii.

Pileus 1-2 cm when young and 2-5 when mature,
convex after expanding to nearly flat, dry, finely hairy;
greyish to brownish grey, the margin not lined, white.
Context white, soft, spongy; the thickness in pileus about 1

mm when young and 2-3 mm when mature. Free lamellae

and not attached to stipe; whitish becoming pink, close or
almost distant, spacing 0.5-1 mm, breadth 0.2-0.3 mm, the
number of series is 3 lamellulae. Pink spore prints. Stipe
2.5-6 cm long; 2-5 mm thick, white, thickened downward,
glabrous, but somewhat pilose at the base; smooth, finely
hairy, grey or brownish volva. Spores 4.8-6 x 4.5-5.2 um,
ellipsoid, thick-walled. Basidia 20-25 x 7-10 um, normal,
2-4-spored, rarely 2-spored. Pleurocystidia 25-30 x 10-15
um, fusoid-ventricose, sublageniform, ventricose, thin-
walled. Cheilocystidia 35-50 x 10-20 um, fusoid-ventricose,
clavate with obtuse or narrow neck, thin-walled, abundant.
The Pileipellis has a size of about 35~360 x 11~14.0 pm,
has cylindric hyphae and is thin-walled. The Pileipellis is
composed of cylindric hyphae with clamp connection.

Edibility: edible.

Habitat: terrestrial on porous soils, high humidity, in
dense forest.

Sign: M106.17 - 8/7/2017 - Center of Cuc Phuong
National Park - 20°22°35”N - 105°40°41”E; M108.17 -
8/7/2017 - Center of Cuc Phuong National Park - 20°22°30”N
- 105°40°39”E.

Comments: comparing the M106.17 collected from
Cuc Phuong National Park, Ninh Binh to Vovariella taylorii
of Dong Anh Tran (2013) [11], there are some similarities:
pileus is convex-shaped or wide hemisphere, fine fuzz,
the color of grey to slightly grey, the edge of mushroom is
incomplete, the diameter is 2-5 cm; the stalk is 3-6 cm, a
bulge in the root, the color is white, smooth, calyx-shaped;
the spore is egg-shaped or ellipse-shaped; the basidia is
rhombus-shaped; it grows on land. Compared to Dong Anh
Tran (2013), our specimen described the morphology as
well as the microscopy more clearly and fully described
such as cheilocystidia,

the microscopic characters

pleurocystidia, pileipellis and other morphological features.

Comparing our species to the Vovariella taylorri
species by Seok Soon-Ja, et al. (2002) [2], there are many
similarities in the toadstool morphology, colour and
microscopy with Vovariella taylorri species such as spores,
basidia, cheilocystidia, pleurocystidia and pileipellis.
Additionally, Seok Soon-Ja, et al. (2002) clearly described
the living environment of species growing singly on humus
soil, mainly in the Shiitake forest.
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Thus, compared to Volvariella taylorii of Dong Anh
Tran (2013) and Seok Soon-Ja, et al. (2002), it is noted that
there are many similar morphological and morphological
characteristics. As a result, we identified that the M106.17
sample collected is a Vovariella taylorii species.

5. Volvariella pusilla (Pers.) Singer, Lilloa 22: 401
(1951).

Syn: Amanita pusilla Pers., Observ. mycol. (Lipsiae)
2: 36 (1800) - Agaricus parvulus Weinm., Hym. a Gast.
Imp. Ross. Obs. (Petropoli): 238 (1836) - Volvaria parvula
(Weinm.) P. Kumm., Fiihr. Pilzk. (Zwickau): 99 (1871) -
Volvaria pusilla (Pers.) Lloyd, Mycol. Writ. 1(4): 31 (1899)

(see Figs. 13-15).

Fig. 13. Volvariella pusilla.
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Fig. 14. Microscopic characteristics of Volvariella pusilla.

(A)

(A) Pileus, (B) Spores, (C) Basidia,
Cheilocystidia, (F) Pileipellis.

(D) Pleurocystidia, (E)
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Fig. 15. Microscopic images of Volvariella pusilla.

Pileus 1-4 cm, convex to broadly convex to nearly flat,
white, the margin lined, slightly sticky when fresh but soon
dry, slightly wrinkled when old. Lamellae free from the stem;
sub-crowded to crowded, at first, white and then becomes
pinkish, spacing about 0.7-0.9 mm. Pink spore prints. Stipe
6-8 cm long, 0.3-0.6 cm thick, cylinder, dry, white, smooth,
the base encased in a thick, white to greyish, volva white or
brownish, may be buried. Spores 5-7 x 4.5-5.5 pm, ellipsoid.
Pleurocystidia 20-30 x 10-15 um and cheilocystidia 3-50 x
15-25 pm, mostly clavate. Pileipellis composed of cylindric
hyphae with clamp connection.

Edibility: unknown.

Habitat: terrestrial on porous soils, high humidity,
mostly on grass.

Sign: M185.17 - 15/5/2017 - Hoa Mac lake - 20°15°40”N
- 105°33°39”E; M186.17 - 15/5/2017 - Hoa Mac lake -
20°15°42”N - 105°33°22”E; M187.17 - 15/5/2017 - Hoa
Mac lake - 20°15°32”N - 105°33°18”E; M188.17 - 15/5/2017
- Hoa Mac lake - 20°16°41”N - 105°32°44”E; M189.17 -
15/5/2017 - Hoa Mac lake - 20°16°42”N - 105°32°43”E,
Cuc Phuong National Park, Vietnam.

Comments: comparing specimens (M185.17-M189.17)
collected from Cuc Phuong National Park - Ninh Binh to
Volvariella pusilla of Dong Anh Tran (2013) [11], there
are some similarities observed between them: the shape
of toadstool, white or slightly brown colour at the top and
edge; lamella; stipe is smooth, dried and white; the spores
shape. In this paper, we clearly examine some morphology
characters as well as the microscopy and fully provide the
data of basidia, pleurocystidia, cheilocystidia and pileipellis.
According to Dong Anh Tran (2015), Volvariella pusilla
grows on humus land.

Compared to the Volvariella pusilla species in the
research by Seok Soon-Ja, et al. (2002) [2], there are many
similarities such as size of pileus and stipes, surface of pileus,
colour, shape of spores, shape of basidia, pleurocystidia
and cheilocystidia va pileipellis. Thus, based on the notes
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on Volvariella pusilla by Dong Anh Tran (2013) and Seok
Soon-Ja, et al. (2002), there are many similar morphological
and morphological characteristics of the species Volvariella
pusilla (Figs. 14, 15).

Conclusions

During the research, based on the morphology described
species, we found 5 species described for Cuc Phuong
National Park, Ninh Binh province, including Volvariella
murinella, Volvariella gloiocephala, Volvariella volvaceae,
Volvariella taylorii and Volvariella pusilla. Additionally,
the number of species grows in the lower area. Although,
sometimes, there is a strong morphological resemblance of
the Vietnam species to the European species and Korean
species, there is no co-specificity. Moreover, Cuc Phuong
National Park is a place with high biodiversity in general
and large mushrooms in particular. It requires further
research as well as an establishment of the official list.
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Abstract:

This article presents analyses of changes in the seasonal

characteristics of the far future climate (2080-2099)
across Vietnam as projected by the Non-Hydrostatic
Regional Climate Model (NHRCM) in terms of the
RCP 8.5 (Representative Concentration Pathways

8.5) scenario. The results show significant changes in
seasonal rainfall in Vietnam compared with the 1982-
2003 baseline period. Specifically, the June-August
rainfall is projected to increase in South Central
(SCVN), Central Highlands (CHVN), and South
Vietnam (SVN), but to decrease by approximately 50%
in North Central (NCVN) and off the Central coast.

In the September-November season, the NHRCM
detects an increase in rainfall of about 50% in North
Vietnam (NVN) and CHVN. The increase and decrease
in rainfall are due to the convergence and divergence
of moisture flux that might be associated with the
westward expansion of the Northwestern Pacific High
Pressure in the far future.

Keywords: geopotential height, moisture flux, NHRCM
model, rainfall, 850 hPa winds.
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Introduction
Rainy season in Vietnam

During the Asian summer monsoon, the main winds
in the lower atmospheric layers (from the above ground
to 500 hPa) are from the south-west, and from the north-
east in the higher atmospheric layers (above the 500 hPa
atmospheric layer) [1]. The summer monsoon circulation
shifts north-eastwards from the southern hemisphere (north
of Australia), crossing the equation in the Indian Ocean,
to Vietnam. The positive activity of the summer monsoon
circulation brings substantial moisture from the warm
Indian Ocean to generate the rainy season across Vietnam.
However, much of the variability of the summer monsoon
and its weather events are due to the reasons listed below.

1) Variability of large-scale circulations

Figure 1 shows the Asian-Pacific summer monsoon
regions. The Asia-Pacific region is divided into three
summer monsoon systems: India, East Asia, and the Pacific
Northwest [2]. According to Fig. 1, Vietnam is located in
the interaction region of the Asia-Pacific summer monsoon
systems. As a result, the variability of the summer monsoon
and its weather events across Vietnam clearly depends on
the variability of these Asian-Pacific summer monsoon
regions.

During the summer months, the wind and airstream
flowing near the ground are south-west to south and south
or south-east to north. The air flow prevailing in Vietnam
is equatorial and tropical, originating in the southern
hemisphere and the tropical sea as well as the North Pacific
high pressure [1]. In addition, during the pre-onset and
summer, westerly winds originating in the South Asian
low pressure [1] and the extratropical region [3] also effect
NVN.
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Fig. 1. The three summer monsoon regions of the Asian-Pacific
summer monsoon: Indian summer monsoon (ISM), East Asian
summer monsoon (EASM), West North Pacific summer monsoon
(NWPSM) [2].

2) Variability of El Nifio Southern Oscillation (ENSO)

The ENSO is the major factor causing variability in the
summer monsoon in Vietnam [1-3]. In Vietnam, the onset
date of summer monsoon and its rainy season is later in the
El Niflo phase and earlier in the La Nifia phase [4, 5]. In
most of the climatic regions of Vietnam, the total rainfall in
the summer monsoon is below normal in the El Nifio phase
and above normal in the La Nifia phase.

3) Local-scale factors

Figure 2 shows that Vietnam is a part of Southeast Asia
and is bordered by the Western Pacific to the east, China to
the north, and Cambodia and Laos to the west. Topography
plays an important role in variability of the monsoon [1].
During the summer monsoon, the mountains in Western
Vietnam, especially Truong Son, and in Laos cause a Foehn
effect, changing the humid and hot characteristics of the
wind from the Bay of Bengal and causing the very hot and
dry weather event in the Central region (CVN). A Foehn
wind is also referred to as a hot-dry west wind, or Laos
wind, that often occurs in NVN and the CVN.

Height
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Fig. 2. The terrain map of Vietnam derived from terrain of
NHRCM model.

Due to topography, a depression, the ‘Bac Bo
depression’, is formed above the northern Indochinese
Peninsula. It primarily causes hot weather over mountainous
areas in NVN and Laos. This depression is a region of wind
convergence. It causes the wind to change direction from
south-west to south-east, blowing over the Gulf of Tonkin
and heading towards the north of Vietnam (it often occurs in
the northeast and Red River Delta). Due to characteristics of
geography, territory, and topography, monsoon circulation
in Vietnam is typical, complex, and difficult to forecast.

4) The rainy season and the mesoscale factor

As result of the abovementioned factors, the climate in
Vietnam varies significantly, especially the rainfall during
the rainy season. In general, the climate in Vietnam is
divided into rainy and dry seasons.

(A) Annual precipitation cycle (mm/month) in the NVN
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(B) Annual precipitation cycle (mm/month)in the CVN
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(C) Annual precipitation cycle (mm/month) in the SVN

__ 500

=

S 400

£

~

£ 300

=

= 200

=

T 100 I

g 0 = = N I |
585335355838

Fig. 3. Annual precipitation cycle in NVN (A), CVN (B), and
SVN (C) calculated from observed data from 150 stations,
1961-2014.
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Figure 3 shows that the rainy season is from May to
November in NVN, CHVN, and SVN; and from September
to December in CVN. The rainy season is driven by the
summer monsoon in NVN, CHVN, and SVN. However, the
rainy season in NCVM and SCVN is driven by cold fronts
and tropical cyclones (TCs) [1]. The peak duration of the
rainy season is similar to the peak duration of TCs in the
East Vietnam Sea, with the two to three TCs per month. The
peak duration of the rainy season in CVN is close to the
high frequency of TCs and cold fronts.

Projection of seasonal rainfall

The global climate system is expected to undergo
significant changes in the future in terms of the greenhouse
gas (GHG) scenarios. By the end of the 21 century, the
global average temperature will increase by 4°C compared
to the baseline scenario of RCP 8.5 [6]. RCP8.5 is a so-
called ‘baseline’ scenario that does not include any specific
climate mitigation target. The greenhouse gas emissions and
concentrations in this scenario increase considerably over
time, leading to a radiative forcing of 8.5 W/m? at the end
of the century. Projections show that the summer monsoon
is expected to be stronger. These projections also show the
earlier onset and latter withdrawal date, which will lead to a
longer rainy season [6]. In recent years, many studies have
mentioned the impact of the increase of GHG concentration
on summer monsoon variability. However, very high
uncertainty projections in terms of scenarios for summer
monsoon variability are found in the studies. According
to projections, the general trend is that summer monsoon
rainfall is expected to increase with global warming [6-
8]. The extreme rainfall events caused by heavy rains are
expected to increase in the ISM region [9].

In Vietnam, climate projection studies have been
considered in some research [10-12]. The projections for
changes in the summer monsoon and its rainfall have been
considered by using the PRECIS (Providing REgional
Climates for Impacts Studies) [13] and CCAM (Conformal
Cubic Atmospheric Model) models [12].

In this study, we focus on the assessment of the rainy
season and the amount of rain. In particular, changes in
seasonal rainfall in Vietnam by the end of 21 century are
investigated using the NHRCM to simulate climate in the
baseline period (1982-2003) and to project the far future
climate (2080-2099) in terms of the RCP 8.5 scenario. In the
next section, data and model configuration are presented.
The results and conclusion are presented in the below
section.
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Data and analysis

The 850 hPa winds from CFSR (Climate Forecast
System Reanalysis) of the NCEP (National Centers for
Environmental Prediction) [14] are used to validate 850 hPa
wind simulations.

The daily gridded precipitation of the Asian Precipitation
Highly-Resolved Observational Data Integration towards
Evaluation (Aphrodite) [15] is used to validate distributions
of simulated rainfall over the entire domain.

The NHRCM used in this study is the extended version
of the Non-Hydrostatic Model (NHM), in which the soil
model is replaced by MRI (Meteorological Research
Institute)-Simple Biosphere model [16], and lateral
boundary conditions are replaced by spectral nudging
boundary conditions. A detailed description of the NHRCM
can be found in K. Saito, et al. (2006) [17]. The model is
able to simulate the regional climate and dynamically
downscale from Atmospheric General Circulation Model
(AGCM) outputs for the Japan [18, 19] and Vietnam [20]
regions.

The model domain covers a region of about 85°E -130°E
and 5°S-35°N, with a 10 km horizontal grid spacing and
40 vertical levels. The initial and boundary conditions
for the NHRCM are the MRI-AGCM3.2 outputs with a
20 km horizontal grid spacing, supplied by the SOUSEI
Programme.

Results and discussion

In this section, we examine seasonal characteristics
and compare the changes predicted by the 2080-2099
projections with the 1982-2003 simulations, focusing on
main rainy months of June-August (JJA) and September-
November (SON).

850 hPa Winds Simulations

The JJA 850 hPa wind averages for the period 1982-
2003 are shown in Figure 4A for CFSR, and in Figure
6A for NHRCM’s simulation. The Figure 4A shows the
development of the south-west winds in the 850 hPa layer
during summer monsoon season. The significant feature is
that the south-west wind will cover most of the Indochina
Peninsula and then extend over the eastern Philippines.
The monsoon trough occurs due to the development of the
south-west winds and its axis crosses NVN in the north-
west-south-east direction.

A comparison of Fig. 6A with Fig. 4A shows that the
development of the south-west winds and monsoon trough
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are well simulated by the NHRCM model. However, the
monsoon trough in the simulation and intensity of the south-
west winds (Fig. 6A) are stronger than in the CFSR (Fig.
4A). In addition, the meridional winds simulated (Fig. 6A)
are weaker in intensity in the northern East Vietnam sea
than they are in the CFSR (Fig. 4A).

Figure 4B shows the SON 850 hPa wind averages for the
period1982-2003 from CFSR data and the corresponding
NHRCM winds (Fig. 7A). In Figure 4B, the east winds are
in the northern area and the west winds in the southern area.
The comparison shows that the NHRCM model simulates
stronger east winds (Fig. 7A) than does CFSR (Fig. 4A).
However, the model shows weaker west winds (Fig. 8A) in
the southern area than does the CFSR (Fig. 4B).

These comparisons show that the NHRCM model well
captures the JJA and SON circulations. However, the wind
speed and monsoon trough during the JJA season is stronger
than in CFSR. In addition, the wind speed during SON
season is weaker than in CFSR.

Rainfall simulations

Figure 5 shows the mean of JJA and SON rainfall
averaged during 1982-2003 calculated from the Aphrodite
data and the corresponding NHRCM rainfall is shown in the
Fig. 6A and Fig. 7A, respectively.

The comparison of Fig. SA with Fig. 6A indicates that
the spatial distribution of JJA rainfall simulation is quite
similar to that of Aphrodite. However, there is a quite clear
difference in the JJArainfall, which is higher in the simulation
than in Aphrodite. The clearest error in simulation of JJA
rainfall can be found in the area to the west of the Truong
Son mountains. In addition, an underestimation in rainfall
simulation can be found in southern CVN. These results
show that the NHRCM model overestimates the rainfall
due to summer monsoon, and underestimates rainfall due to
Foehn wind effects.

Results in Fig. 5B and Fig. 8A show that the spatial
distribution of SON rainfall in the NHRCM model is similar
to that of Aphrodite. However, the rainfall simulation is
higher than that of Aphrodite, especially in NCVN.

Generally, the JJA and SON simulations have the same
spatial distribution as that of Aphrodite. However, the
model tends to capture the higher rainfall due to JJA and
SON monsoon circulations. Additionally, the lower rainfall
due to Foehn wind effects on the eastern side of the Truong
Son mountains during JJA season is simulated.

(Ai) 1JA 850 hPa winds averaged 1982-2003 from CFRS data
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(B) SON 850 hPa winds averaged 1982-2003 from CFRS data
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Fig. 4. CFSR mean 850 hPa winds, 1982-2003 (m/s): (A) JJA
and (B) SON.

1M1E

Seasonal rainfall projection for the end of 21" century

(far future)

Figure 6 shows the 850 hPa winds and daily rainfall in
JJA at present and in the far future climate, simulated and
projected by the NHRCM model. It can clearly be seen that
the south-westerly summer monsoon prevails in Southeast
Asia and the East Sea of Vietnam. Heavy rainfall belts
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(A) JIA rainfall averaged 1982-2003 from APHDORITE data
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Fig. 5. (A) JJA rainfall (mm/day) and (B) SON rainfall (mm/day),
1982-2003, from Aphrodite.

are found along the western coast of Thailand, Cambodia,
and along the border between Laos and Vietnam, where a
mountain range located (also refer to Kieu-Thi, et al., 2016).
There is a small area of the South-Central coastal region
where upwelling with low sea-surface temperature is often
observed.

The SON pattern is presented in Fig. 7. A heavy rainfall
belt is located on the windward side of the mountain range
that blocks easterly winds to the North of 15°N (i.e., the
trade winds) from the tropical Western Pacific. A cyclonic
circulation dominates over the East Sea of Vietnam that
seems to weaken in far future (Fig. 7B).
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Fig. 6. JJA rainfall (mm/day) and 850 hPa winds (m/s) from
NHRCM for (A) 1982-2003 and (B) 2080-2099.

Distributions of changes in 850 hPa winds and rainfall
in JJA and SON between far future and the baseline period
are shown in Fig. 8. During JJA season in 2080-2099,
rainfall should increase by about 40% compared to the
baseline rainfall in SCVN, CHVN, and SVN. However, a

considerable decrease in rainfall can be found in NCVN.
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25N

15N§

5N

100E 110E 120E
-

10

(B) SON. aver. 2080-2099. rain and 850 hPa winds

25N

5N- |-

100E 110E 120E

Fig. 7. Same as Fig. 6 but for SON values.

850 hPa wind anomalies describe an anticyclonic circulation
over the East Sea of Vietnam that is expected to modify
moisture flow toward sub-regions of Vietnam in the summer
months (Fig. 8A).

During SON season, the NHRCM model shows an
increase in 2080-2099 rainfall over most of the country
compared to the baseline. The most noticeable increase is
of approximately 50% in NVN and CHVN (Fig. 8B). An
anticyclonic circulation anomaly is also found over the East
Sea of Vietnam; however, it is much weaker than that in
JIA.

To explore the reasons for the changes in 850 hPa
winds and rainfall mentioned above, we calculated the
changes in 850 hPa geopotential height (GHT) and 850-

(A) JJA. aver. 2080-2099. change

of rain and wind
P i ] e R = ;

S

15N

Fig. 8. Changes in 850 hPa winds and total rainfall (%) in JJA
(A) and SON (B) for the 1982-2003 and 2080-2099 periods.

500 hPa vertically integrated moisture flux (IMF) in the far
future compared to the baseline period. In general, GHT
increases in the entire domain in the far-future climate (Fig.
9). However, Fig. 9A indicates a strong positive anomaly
over the East Sea of Vietnam in JJA that helps explain the
anticyclonic anomaly mentioned above. IMF is expected to
diverge off the CVN coast but converge in SCVN, CHVN,
and SVN (Fig. 9), where rainfall increases and decreases,
respectively.

Similar to the JJA case, a positive GHT anomaly is also
observed over the East Sea of Vietnam in SON, but it is
weaker than that in JJA. This means that the Northwestern
Pacific Subtropical High (NPH) will be stronger over this sea
area in the far future. Due to the westward expansion of NPH
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toward the East Vietnam Sea, IMF is expected to increase in
inland Vietnam. Convergence of IMF will probably to occur
in NVN and CHVN where rainfall increases. The strongest
IMF is found to the south of 15°N from the tropical Western
Pacific towards the Bay of Bengal.

(A) Moisture_flux and HGT 850 hPa change JJA 2080-2099
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8

(B) Change of moisture_flux and HGT 850 hPa SON 2080 -2099
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Fig. 9. Same as Fig. 8 but for 850 hPa GHT (m) and 850-500 hPa
IMF (kg/kg/m/s).

Conclusions

Using the RCP8.5 emission scenario, the NHRCM
model indicates clear changes in seasonal characteristics
over the Vietnam region by the end of the 21 century
compared to the present climate. Rainfall and 850 hPa wind
patterns in the 2080-2099 period are similar to those of the
1982-2003 period, illustrating the influences of the south-
westerly summer monsoon and NPH. Rainfall is projected
to increase to about 40% in SCVN, CHVN, and SVN;
however, it decreases to 50% in NCVN and off the CVN
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coast due to the projected IMF divergence. Conversely, the
rainfall increase may be owing to stronger moisture flux
convergence. For the SON season, rainfall is projected
to increase to 50% in NVN and CHVN compared to the
present climate. This increase in rainfall can be explained
by the stronger NPH that will bring more moisture towards
inland Vietnam in the far future.
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