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Abstract

Dengue is one of the major public health problems in the tropical countries of the world. SARIMA
model is a popular method used for forecasting dengue incidence. The aim of this study was to
determine optimal model for forecasting the dengue incidence. SARIMA model with Box-Jenkins
approach was conducted to forecast dengue incidence using the previous data from 2006 to 2015.
Akaike’s Information Criteria (AIC), Bayesian Information Criteria (BIC) and Root Mean Square
Error (RMSE) were used to determine their accuracy. The results showed that SARIMA (6, 0, 3) (0,
1, 1)s> were the best model that fitted with the actual data. It had the smallest AIC and BIC (3827.60
and 3873.30, respectively) and RMSE (0.8420).

Keywords: dengue incidence, SARIMA, forecasting model

1. Introduction

Dengue fever is a serious public health problem in the word. Billion people are now at risk with this
disease. WHO estimated that 500,000 people requiring hospitalization each year and about 2.5 % of
those died [1]. Moreover, there is now no available licensed dengue vaccine. Dengue vaccine
candidates are now under phases of development [2]. To control the spread of disease, disease
surveillance and mosquito vector eradication are implemented [1]. However, the dengue incidences
have dramatically increased around the world in recent decades [1]. In the South-East Asia region,
dengue is increasing with an exponential form every three to five years [3]. In 2015, the morbidity
and mortality rates of Thailand are higher than those of five previous year. The incidence rate of
Thailand was 219.46 per 100,000 populations (142,925 cases). There were 328.28 per 100,000
population in central, 201.10 per 100,000 population in the Northern, 166.21 per 100,000 population
in the North-eastern and 127.52 per 100,000 population in the Southern, respectively. The death rate
was 0.22 per 100,000 populations (141 cases). Female and male were equally incidence (1.01:1).
The groups of aged 15 - 24 years old were the high incidence rate of dengue infection [4, 5].

“Corresponding author: Tel.: +66-2354-8530 Fax: +66-2354-8534
E-mail: jutatip.sil@mahidol.ac.th
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The mathematical or statistical models were famously used to forecast and describe the
phenomena of diseases. Forecasting is important as it is benefit for management, health risk
assessment, and planning the equipment for control and prevention. [6, 7]. Moreover, the forecasting
is taken into accounted as the Early Warning system [8]. The results of forecasting were not only
for understanding size of problem, susceptibility host, period of disease, area, and pattern of disease,
but also disease control [6].

Time Series Analysis was basically used to predict the incidence case in many diseases
such as influenza [9, 10], malaria [11-13], and dengue [14-19]. The model has different degrees of
complexity based upon many factors: previous data of dengue cases, climatic variables such as
rainfall, evaporation, temperature, humidity, water budget, breeding sites, population density, virus
serotypes and microclimates [19-22], Many studies revealed that Seasonal Autoregressive
Integrated Moving Average (SARIMA) was used as the model for predicting dengue incidence [23].

SARIMA is reported as the great model for dengue forecasting due to dengue is none
stationary problem. The seasonal was taken into account in model. In 2014, Monika S Sitepu et al.
showed that SARIMA (1,0,1)(0,1,1)1> was the best model for predicting dengue in Jakarta [16].
Bhatnagar et al. [6] revealed that forecasting model for dengue incidence in Rajasthan was SARIMA
(0,0,1)(0,1,1)12. The previous studies in Thailand revealed that the forecasting models of dengue
incidence in Thailand were SARIMA (2,0,1)(0,2,0):2 [24] and SARIMA (2,0,1)(0,1,1)12 [25].
According to the previous studies, the most of forecasting models were proposed based on 12
months period of time interval. However, some studies were proposed 52 weeks as time interval in
the models [15, 26]. In Thailand, only SARIMA models based on 12 months period of time interval
were conducted. There is no study using 52 weeks of time interval in SARIMA model. Therefore,
this study aims to determine optimal model for forecasting the dengue incidence in Thailand using
SARIMA model with 52 weeks of time interval period. AIC and BIC were used to select the best
model, and performance of model was measured by RMSE.

2. Materials and Methods

The SARIMA with Box-Jenkins approach was used to predict dengue incidence. The historical data
from 2006 to 2015 were used in analysis. The performance of model was measured by RMSE. The
presence of these two components determine the choice of SARIMA (p,d,q)(P,D,Q)s model
equation:

__ v@Y(@)ale(a) )
T (@) (@) 1-a) (1-a®)

where Y;, is evidence weekly dengue incidence, ¥, () is coefficient of moving average
(MA) at q order, W, (a) is coefficient of seasonal moving average (SMA) at Q order and S seasonal
period, ¥, (a) is coefficient of autoregressive (AR) at p order, ['x(a)® is coefficient of seasonal
autoregressive (SAR) at P order and S seasonal period, d is order of different week period, D is
order of seasonal different period, ; is white noise time or residual of time, t is weekly period time
and K is weekly ledge time

According to previous studies, SARIMA (p,d,q)(P,D,Q)s were set as SARIMA
(p,d,0)(0,1,1)s [12, 13]. In this study, the 52-week (5=52) was used in model. Therefore, SARIMA
(p,d,0)(0,1,1)s> was selected as the basic structure of candidate model. Logarithmic transformation
was used to adjust data to meet the criteria of equally mean and variance in each period. Based on
mean-rang plot analysis, Autoregressive function and Partial Autocorrelation function were used to
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identify the order of Autoregressive part, order of Moving Average part and difference. The order
of d was randomly from 0, 1, and 2. The order of p was randomly from 0 to 6 and the order of g was
randomly from 0 to 3 (Figure 2). The first criteria for selection model was smallest AIC, BIC and
RMSE and highest of Likelihood Ratio Test (LRT).

Finally, the evidence data in 2016 was used to compare with the estimation of model. The
performance of model was determined by RMSE. The statistical software R [27] was used for all
analysis.

3. Results and Discussion

The evidence dengue incidence in Thailand from 2006 - 2015 showed in Figure 1. It showed that
there were two outbreaks in early 2010 to mid-2010, and early 2013 to late 2013. Large of
Autocorrelation Function (ACF) and Partial Autocorrelation Function (PACF) were showed in
Figure 2A and 2B, respectively. The sharp decrease in ACF value from lag 1 to lag 50 and the sharp
increase in PACF value from after lag 50 indicated that there was evidence of long-term trend.
Therefore, the first different term was taken into account. When considering the first different term
as shown in Figure 2B, it showed that sharp of ACF of first difference of weekly dengue incidence
were decreased after lag 1.

SARIMA (6,0,3)(0,1,1)s> was selected as the best model with the smallest AIC (3827.60).
BIC and RMSE were 3873.30 and 0.8420, respectively. The estimated variation of dengue incidence
(?) from this models was 171.30. The model parameters were significance (p-value <0.0001) with
AR (-1.1042, S.E.=0.4364), 2™ AR (-0.2041, S.E.=0.3523), 3" AR (-0.4611, S.E.=0.3804), 4"
AR (-0.2251, S.E.=0.2725), 5" AR (-0.2474, S.E.=0.1115), 6" AR (-0.1029, S.E.=0.0723), 1 MA
(1.1185, S.E.=0.4410), 2" MA (0.4741, S.E.=0.1228), 3 MA (0.1891, S.E.=0.4432) and seasonal
MA (-0.8699, S.E.=0.04 64 ). The best fit model was model SARIMA (6,0,3)(0,1,1)s2. The
comparison between actual dengue fever data in 2016 and forecast data form SARIMA
(6,0,3)(0,1,1)s> was presented in Figure 3.

In this study, SARIMA (6,0,3)(0,1,1)s, was the most optimal predictive model which
showed that the smallest AIC, BIC and RMSE. Our results were difference on AR, MA and SMA,
when comparing with previous studies. SARIMA (0,0,1)(0,1,1);> was offered with no seasonal
differences presented in Rajasthan [6]. Moreover, SARIMA (1,0,1)(0,1,1),2 was the best model for
predicting DHF cases in Jakarta [16]. According to time series plots analysis, AR and MA were
determined and depended on timely interval of lags. AR and MA of this study were designed based
on the dengue incidence of epidemiological weeks in one year (S= 52 weeks), but the previous
studies were designed based on the dengue incidence of epidemiological months in one year (s=12).
Moreover, the model may depend on geographical area. SARIMA(0,1,1)(0,1,1)s, SARIMA
(0,0,1)(0,1,1)12, SARIMA (1,0,1)(0,1,1)12 were the models conducted in island [6, 15, 16]. The
different SARIMA models in different areas of Thailand were also found. The SARIMA models
conducted in northern part and north-eastern part were SARIMA(2,0,1)(0,2,0);2 and
SARIMA(2,0,1)(0,1,1)12, respectively [24, 25].
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Figure 1. Weekly dengue incidence (per 100,000 populations) in Thailand from January 2006 to
December 2015
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Figure 2. A and B) ACF and PACF of logarithm dengue incidence (per 100,000 populations) in
Thailand from January 2006 to December 2015 C and D) ACF and PACF after
differencing of logarithm dengue incidence (per 100,000 populations) in Thailand from

January 2006 to December 2015
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Figure 3. Comparative of dengue incidence rate in 2016 between actual data and forecast data from
SARIMA (6,0,3)(0,1,1)s.

4. Conclusions

Seasonal Autoregressive Moving Average (SARIMA) model was used to forecast dengue incidence.
This model was the most popular model used for prediction in many communicable diseases
including influenza, malaria, and dengue. Moreover, it was benefit to epidemiological surveillance
and policy makers to manage and prevent the outbreak.

In this study, the forecasting model of dengue incidence was developed based on the
secondary data of historical data from 2006 to 2015. The seasonal period with 52 weeks in a year
was taken into accounted. SARIMA (6,0,3)(0,1,1)s> was presented as the best fitted model with the
actual data. However, dengue is also associated with the multiple risk factors such as climate,
migration, the characteristic of virus and etc. Therefore, the further study should have taken the risk
factors in the model to describe the pattern of dengue.
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Abstract

In 1981, a p-adic interpolation method based on divided differences was derived and was applied to
derive, among other things, results on the number of zeros and the bound of certain p- adic
exponential polynomials. Here, lower bounds for a p-adic exponential polynomial evaluated over
some rational integers are derived using a method of van der Poorten.

Keywords: p-adic exponential polynomial, Turan’s theorem

1. Introduction

In the paper , a p-adic interpolation method using divided differences [1] was developed, and was
then applied to obtain results on the number of zeros and the bounds of the coefficients of p-adic
exponential polynomials, as well as to obtain a p-adic analogue of Turan’s first main theorem on
sums of powers. In this paper, we continue their investigation on p-adic exponential polynomials in
the spirit of Turdn’s main theorems. We shall establish lower bounds for a p-adic exponential
polynomial, evaluated over some rational integers, in terms of its derivatives at the origin, its
functional values at some other rational integral points, and its coefficients. Since the technique
employed in Laohakosol and Pitman [1] to derive p-adic Turan’s first main theorem does not
generalize to exponential polynomials, we thus have to use different methods. The approach we
adopt here is van der Poorten's method of evaluating determinants as appeared in van der Poorten
[2,3].

Notation. The following will be standard throughout the entire paper:
1. pa fixed rational prime,
2.|-], the p-adic valuation so normalized that| p| =1/p,

3.Q, the field of p-adic numbers, that is the completion of Q (the field of rational numbers)
with respect to the p-adic valuation |- |,

4.C  the completion of the algebraic closure of Q,

*Corresponding author: Tel.:662-5625555 ext 647086
E-mail: fscianr@ku.ac.th
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We shall always be working in C . Ina few places, we find it useful to derive certain estimates via

Schnirelman integrals. We use the symbol J to denote the Schnirelman integral over the circle
a,R

in C, with center a and radius R. For the definition and basis properties of Schnirelman integral,

we refer to the appendix of Adams [4].

2. Preliminaries

The following lemma, due essentially to van der Poorten [2], is simple but quite fundamental for
our investigation.

Lemma 1. Let E be a function of the form
M
E(2)= Zbk O« (2)
k=1

where by,b,,...,b,, are constants in (Cp and g,,9,,...,d, are functions analytic on some domain G
of C,. Further let z,,z,,...,2,, be points of G; let s,s,,...,S,, be non-negative integers; and let
H(,,Y,,....Y )beaformlinearin Y,,Y,,....Y, (1<L<M).Finally denote by Ay (1<i, j<M)the
cofactor of g{%’(z) in the determinant

A=g()
Then there is an integer v such that1 <v <M and

1<j,i<M *

‘H(bj(l)’ i@ J(L))‘
‘H(AIJ(I)’ ij(2)2 " ii(L))/A‘P

‘ E(S")(Zv) ‘pz
max 1<isM

where 1< j(D<...< J(L) <M.

Proof By differentiating at z,,2,,...,2,, , we obtain a system of M linear equations in b,b,,...,0,,
of the forms

M
Zbkgﬁsn(zi) = E<si>(zi) i=12,...M),
k=1

which we may solve by
M ' .
bA= D AED(Z) (k=12,...,M). Cramer's rule to obtain

i=1

Thus
N )
Si
H(bj)5bji)-+505))A = Zl: H(Qji0)» B> By )BT ()
iz
and so
| H®;0),0;0),- 1<L>)A‘ < max ‘ H (A0 By By ‘p max |

Note that the result remains meaningful though trivial even if the denominator on the
right-hand side of the result should vanish, provided we then interpret the lower bound to be zero.
Since we shall only be working with p-adic exponential polynomials, we shall first standardize our

symbols. Let p(1), o(2),..., o(M) be non-negative integers with sum
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3 pk) =M

and let a1 <k <m,1<s< p(k) be M elements of C not all 0. Let ¢, (K=1,...,m) be distinct
elements of C , satisfying

| —1[,< p """ (k=1,...,m).
Therefore, each ¢ is an analytic function of z in the domain {ze C;|z|,<1}. We shall consider

exponential polynomials of the form
pk)

E@=) > az e (z],<1)

k=1 s=

so that we shall be applying Lemma 1 to the M functions
o (k=1,...,m;s=1,..., p(k)).
To avoid any ambiguity, with regard to the terminology in Lemma 1 for g,(z) and the M functions
2o} (k=1,...,m;s=1,..., p(k)), we define

9,(2)=a/.0,(2) = 2¢/,....,9,,(2) = 27",

_ 2 _ o2 __p@)- 2
gp(1)+l(z) =a, ’gp(1)+2(z) =1a,,..., gp(l)+p(2)(z) =" a,,

g p)+...+p(m— 1)+1(Z) arrng p()+..+p(m— 1)+2(Z) m’

p(m)-1_z
gp(1)+ +p(m)(z) =17 am'

We also find it more convenient to specify the notation in Lemma 1, keeping in mind that the method
is also applicable to much more general cases. Thus from Lemma 1, we set as follows:

1. n a fixed non-negative rational integer,

2.z;=n+j (j=12,...,M),

3.5;=0 (j=12,....M),

4. r = a fixed positive rational integer

Let
m p(h)(r .
— r-
HY, Y00 =Y ((log e )™ Yy
et = (1 t)
where
Y = y”sY = Yias-- p(l) Y1p<1)’
Yp(l)+1 = y21’ p(h+2 — =Y. p(l)+p(2) =Y, p(2)°
Yp<1)+...+p(m—1)+1 = ym,l’Yp(l)Jr..Hrp(mfl)JrZ = ym,z,...,Y

py+tpm) = Ymp(m):

We consider such linear form H because of the following identity

m W (r _1) r-t (r—l)
H(an»---»am,p(m)):hz;tz:,( _t)'(logah) ay = (0).
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3. Main Results

By Lemma 1, we must then consider the determinant
A=+ e |, d<hsmi<t<ph),l<j<M)

(the numbering of row and column indexes is clear from the display of functions g;(z)'s, and the

linear form H in its cofactors).

The crux of van der Poorten's method, and indeed the most difficult part, is to handle these
determinants effectively. Consequently, we first compute these determinants. Since the arguments
used in van der Poorten's sledge-hammer approach to evaluate these determinants are algebraic in
nature, then they are also applicable in the p-adic case. We shall be brief here and refer to a more
detailed discussion in van der Poorten [3]. We first let

a, 1£h<m; 1<t < p(h))

be formal quantities. The next lemma, again due to van der Poorten [2], enables us to obtain nice
identities later. Its proof is elementary, and can be found in van der Poorten [2].

Lemma 2. Denote by P the product

m pk) s—

P= H (s — ),

k=1 s=I |

1
and let R and R, be functions in the ¢, (i <h<m, 1<t < p(h)), which are divisible by P. Then

3
m ﬁk)((aks aaks) )Rl _ h (RI/PJ

lim .
s > s >
ks | k=l s=l ((aks s-1 Qs ¢ R, /P

(The limiting processes in Lemma 2 and in what follows can be thought of as those with respect to
the p-adic topology.)

Next, let Dbe the Vandermonde determinant
m p(k)

ht,i ™ H Z (O!an H (aks ajl’))

k=1 s=1 jr<ks

— | an+|

where jr <ks means either j <k orif j=Kk,then r <s.A more explicit form is

m_pk) k-1 p(k)

D= HH(anHH(aks akI)HH(aks a,r))

k=1 s=1 j=1 r=l1
By direct differentiation (see also [6] or [7]), we get
A=+ |, A<h<mi<t<ph),l1<i<M)

n+|

= Jim (ﬂﬁ:( ks) jD

1<k<m 1<s<p(k)

m pk) k-1 .

= TIIT(e -1 J (et — ;)" ") (3.1)

k=1 j=1 j=1

Denote by D, and, respectively, A, the cofactor of ey and, respectively, of (n+i) """ in D

and respectively in A. In a similar manner as we derived A from D, we also have
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m pk)

Ay = lim H (aks

Ol A)llk

i,ht‘

By expanding the determinant D through its cofactors, we see that

M .
%5ks,ht = Za:«s_l D, (I<k<m,1<s< p(k)),

ht i=1
(where 6, , is the usual Kronecker ¢ ), which asserts that D, is exactly the coefficient of Z'in

the polynomial
D m 2Kk

DT,

nt k=l s=1 O — O
ks=ht

Thus for any u we have by the above expressions

p(h) . m_pk) . ph)
u - S— u
o Z U~ A, = lim HH(aks Z D,
t=1 t=1

(Zk %llk
allks  \ k=L s=1 s

and by Lemma 2, we see that it is the coefﬁcient of 2" in the polynomial
() m_ pk)

hm Az n+l uH ( - akS ) (32)

t=1 Opy k=1 s=1 Oy = O
all ks=ht

Similarly for r a positive integer, we get

p(h)(r_ ! - m_pk) o ph) -
Z (logey,) " A, = lim HH(aks ) Z(logam) D

T (r-u! ek \ k=1 s=1 s t=1

which by Lemma 2 becomes the coefficient of z' in the polynomial

h) m k
lim A/i (log"n‘ﬂﬁ) Hﬁ( 2% ) (3.3

Qs Q|
kasll ksk K= kssst:n ks

From Lemma 1 and the shape of the linear form H, we must get a p-adic upper bound for the
expression

m_p(h) A'ht .
ZZ 3: oga,) —, (ISi<M).

We have observed that ¢, is exactly the coefficient of z'

in the polynomial
m_ p(k)

n & (log e, )™ -
Q)= Jim 35 CEE ] (%)
“ilks* h=1 =1 I
At this point, we could of course derive a p-adic upper bound for the coefficients ¢, directly from
the shape of Q . However, a bound obtained in this way is weak and untidy. To obtain a clean and
strong bound, we resort to the use of interpolation. Neglecting the limit for a moment, Q(2) is

exactly the polynomial of degree M —1 such that
l r-1
Qe ) = 1%8%) | chcmia<t< p(h). (3.4)

n+l
ht
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Taking the quantities «,, as formally distinct, these conditions determine Q . We suppose that the
distinct quantities «, lie (p-adically) arbitrarily close to the ¢;, (1<h<m). Still neglecting the
limit in Q(z), we write it as an interpolation series

Q(2)=b, +b,(z~a, ) +b,(z2-a, )Z~a,)+...+b,  (Z—)...(Z= ) (3.5)

By the conditions (3.4) defining Q, and by similar derivation as in Laohakosol and Pitman [1], we
can represent the interpolation coefficients by, as Schnirelman integrals

B (logz) ' (z-1)dz
LR Zn+](z _all)”'(z _aht)

(I<sh<m,1<t< p(h)),

ht

where the integrals are taken along the circle with center 1 and radius R with p™/*"" <R < 1. Here,
the lower bound for R guarantees that all ¢; ’s lie inside the circle, and the upper bound ensures that

the point O lies outside. By uniform convergence (see [4]) of the series defining the integrals, the
integrals all remain well-defined when the relevant limit is taken and indeed we can drop any implicit
assumption that the o), be distinct. We require by Lemma 1 to find an upper bound for the quantities

la|, a<i<m).
Using the fact that |« | =1, from the equation (3.5), we have for 1<i<M
(logz)™'(z-1)dz
n+1(z_all)'“(z_ah1)

s |p:maxm|bm‘p:maxht” ‘p

1,R z
< R™'R _prm
= 1. RPD*rp(m) >
because |z-a|,=[(z-1)+(1-a)|,=R . To get optimal bounds, we consider two separate
cases.Caser > M.Since the inequality
|qi|p <R™ (i=1,..,M)

holds for all R satisfying p™"/*"" < R <1, taking here the limit as R — p™"*"", we have in this case
[g;[,< RM-PD (G =1,...,M).
Caser < M. In this case we take the limit as R — 1 to get
|qi|p <1 (i=1,...,M).
Hence, by Lemma 1, there exists a rational integer v such that 1<v<M and
(r=M)/(p-) | (r-D) ifr>M
p [ETN@) i r>M,

E(n+v) >
B+, |E(H>(0)|p if r<M.

We observe, moreover that by taking r =1 (and sor <M ), and replacing nby n—u in (3.3), we

obtain the expression (3.2). Consequently, the corresponding linear forms are
m_ph)

H'=> > apua, =E(),

h=1 t=1

m_p(h)

G=3 Y M =M,

h=1 t=1
and the interpolation coefficients by, take the form
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-1
b = . (2=Dd (<hsm1<t< p(h)
"Rz (Z_all)"'(z_aht)
with the same R as above. By the same arguments as for the case of ¢, , we see that

|qi’|p <1 (i=1...,M).

Hence, we have proved

Theorem 1. Let «,..., ¢, be distinct elements of C | satisfying
la;=1],< p™"®*P (j=1,...,m).

Denote by E the exponential polynomial
m_pk)

E@=) > a2 e (z],<),

k=1 s=1
where p(1),..., p(m) are non-negative integers with sum M, and a,, are constants in C not all
zero. Then for integers n>0and r >1, we have

p(M (oD |E(H>(())| if r>M,
max |E(V)|p 2 p

n+lsv<n+M

|E”’”(0)|p ifr<m,

and for any rational integer u <n, we have
max [E(V)[,Z[E()], .

n+lsv<n+M

An immediate consequence is the following

Corollary 1. Let the notation be as in Theorem 1. Then

m
max ‘Zaka: |p2|a1+...+am o
P

n+l<v<n+M

Before proceeding to our next result, we make the following remarks.
Remarks.

1. Corollary 1 is another version of p-adic Turan’s theorem. In this p-adic case, since |a; |,=1 for
all j, the distinction between the two main theorems of Turanin the classical case (see [5]) disappears.
2. The condition that |er; —1],< p™"*"" =1 for all j is necessary to make o a well-defined
analytic function of z with [ z[,<1. It seems restrictive if one only aims at proving Corollary 1;
indeed in Theorem 3 of Laohakosol and Pitman [1], there is no such restriction. However, by a result
of Cassels [6] there are infinitely many p-adic fields Q, for which all &;’s (j=1,...,m) can be
embedded as p-adic units, i.e. | ; |,=1 forall j. Moreover being p-adic units, by a well-known result
(see [7]), there exists a positive integer d such that
laf =1],< p™"* (j=1,...,m).

Consequently, by considering af instead of «;, we have an abundant supply of p-adic fields to
work with.

3. It should be observed that the estimates in the p-adic case here are much easier to compute than
the corresponding ones in the classical case; as a by-product we do not have to bound the values of
r from above to get an optimal bound as in the classical case (see [2]). As to the values of n in
Theorem 1, the condition n >0 is mainly imposed so that the determinants involved are non-zero.
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4. The bounds obtained in Theorem 1 and Corollary 1 cannot in general be improved as the following
examples show.

(i) Let p=2,andlet

E(2)=1-(+p).
Then

E,(v)|,=max(| p|,.| p>+2p1,) =] pl,

=|1og1+ p)|,=| E/(O) |, =| EC" (0, -

max

0+1<v<0+2

(i) Let p = 2,and let
E,(2)=(+p)’ +(1-p)".
Then

max

0+1<v<0+2

E,(v)|,=1=[1+1],.

Next, we prove

Theorem 2. Let ..., be distinct elements in C  satisfying
|aj —1|p <p "V (j=1,...,m).

Let E be the exponential polynomial

m_pk)
E2) =D 3.2 e (7] <),

k=1 s=1
where p(1),..., p(m) are non-negative integers with sum M, and a,, (1<k <m,1<s< p(k)) are

constants in Cp not all zero. Further, let

0= min
1<j,h<m
j=h
p =max p(k).
Then if n is a nonnegative integer, we have, for each ht (1<h<m,1<t < p(h)),

E(V)|p > |am|p 53m2p2/2—5mp/2+2 p—mp(p—l)/z(p—l).

ah—aj|p,

max

n+lsvsn+M

Remark The value of &, though non-zero, is usually very small because

0<o<|a,—a;l,=|(a,-D—(a; =D [, < p™"*™" h=].

Proof Here, we consider the linear form H in Lemma 1 to be a linear polynomial in one variable
H(Yn) = Vi

for a certain index ht. By Lemma 1, we need an upper bound for ‘ Ay /A |p because

pax| B>, may
As pointed out in [2], the shape of this last polynomial is quite complicated, and we have no hope
of using interpolation to derive a neat bound. Therefore, we instead compute directly a p-adic lower
bound for Aand an upper bound for A; ;. To obtain a p-adic upper bound for

AIA | -

A, > we note the following:
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, . m pK) (7 o
e first, a p-adic upper bound for the coefficients of z! (1< j< M) in H —F |is
k=l s=1 \ Oy — s
ks=ht
5—mp+] .

n+l1

e second, by the shape of D, and |0zj|p =1 forall j, we get |D/0‘m <1

p

) m_pk) _
Thus, a p-adic upper bound for the coefficients (of z') in Dah’t”’IH H [&J is g™,

k=1 s=1 \ @nt — U
ks=ht

. o 0 . : .
Now each partial derivative aa— increases the p-adic upper bound for the coefficients at most by
a

a factor of 1/ 6. Therefore, a p-adic upper bound for the coefficients is
m_pk)

m
HHé'fmpﬁ-lfsﬂ < Sme+2mo-1) 5PINp(O+/2
k=1

k=1 s=I
ks=ht

— — — — 2 2 —
Sé'( mp+2)(Mp 1)5 p(p+hym/2 —5" (m?+m/2)+5mp/2 2'
Now from the shape of Ain equation (3.1), we have

|A| > lﬂ[ﬁ( p(‘SH)/(P—l)é‘p(l)+-+p(k_1))
p k

k=1 s=1

m
> H( p—(p<k>—1)/2< p=D) §P+-+p(k=1) )"“” > 5m(m-1)p2/z p-mp(p—wz(p—l)
k=1
Combining these estimates, the required result follows.
An immediate consequence of Theorem 2 is the following:

Corollary 2. Let the notation be as in Theorem 2. Then for some positive integer h (1< h <m), we have
max z aka;/ 5(3m3—5m+4)/2.
n+1<v<n+m k=1

> |ah|p
p
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Abstract

Four Lentinus mushrooms: Lentinus edodes, Lentinus polychrous, Lentinus sajor-caju, and Lentinus
squarrosulus were investigated for their chemical compositions as well as their antioxidants and
hyperglycemic activities. The chemical composition of Lentinus mushrooms contained total phenolic
and total flavonoid contents, normally used as an indirect measurement of antioxidant capacity.
Scavenging activity on DPPH radicals and FRAP assays were used for confirming antioxidant
activity while assays of a-glucosidase inhibitory activity were used for evaluating antihyperglycemic
activity in these mushroom extracts. The highest amount of total phenolic content (TPC) displayed in
the extract of L. squarrosulus which correlated well with antioxidant properties of mushroom
extracts indicated by DPPP and FRAP assays. It is firstly reported herein on a-glucosidase inhibitory
activity in Lentinus mushrooms, in which L. polychrous revealed the highest inhibitory activity (ICso
value 39.59+0.01 pg/mL) and correlated well with total flavonoid compound.

Keywords: o-glucosidase inhibitor, Lentinus edodes, Lentinus polychrous, Lentinus sajor-caju
L. squarrosulus, antihyperglycemic, antioxidation

1. Introduction

Nowadays, mushrooms are not only intended to satisfy consumers and provide essential nutrients, but
also to prevent disease and improve their physical and mental well-being. Edible mushrooms
characteristically contain many different bioactive compounds such as polysaccharide, amino acid,
glycolipid, terpenoid, and so on with highly diverse biological activities like anticancer, antibacterial,
antifungal and immunomodulatory potential [1, 2]. Some advantages of using edible mushrooms over
plants as sources of bioactive compounds are that mushrooms can be produced in much less time, and
can be manipulated to produce optimal quantities of active compounds [3-5]. Apart from the research
of potent a- glucosidase inhibitors from alternative sources such as fungi and others microorganisms,
Lentinus mushrooms which were identified as rich sources of nutrients and popular consumption in
Thailand were selected for this study. Four Lentinus mushrooms: L. edodes, L. polychrous, L. sajor-
caju and L. squarrosulus belong to Family Polyporaceae, are recognized as many as 40 species over the
world [6,7]. Chemical composition and the potential of antioxidant activity of the four Lentinus
mushrooms and the effect of extract on the activity of a—glucosidase were investigated in this study.

*Corresponding author: E-mail: rwimon@aru.ac.th
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2. Materials and Methods
2.1 Materials
All four Lentinus mushrooms which have fully cap of fruiting body or were in harvest stage were
cultivated in local mushroom farm in Amphor U-thai, Phranakhon Si Ayutthaya, Thailand and
preserved in cellophane bags with air tight conditions. Taxonomic identification was done
following the description of Pegler [8]. Mushroom specimens were deposited at Herbarium of
Science and Technology Center, Phranakhon Si Ayutthaya Rajabhat University, Thailand.

2.2 Extraction

The fruiting bodies of these four edible Lentinus mushrooms (500 g) were collected, cleaned and
air-dried before grinding and soaking in the extraction solvent for 24 h. Each mushroom was
stirred with 80% ethanol (250 mLx4) at 25°C for 24 h, and then filtered through Whatman filter
paper No.4. The ethanol extract was then evaporated under reduced pressure to yield ethanolic
extracts. The dried extracts were resuspended in ethanol and stored at 4 °C for analyses of total
flavonoid contents and o-glucosidase.

2.3 Total phenolic compound analysis

The total phenolic contents of the extract were determined using a modified version of the Folin-
Ciocalteu method [9]. The extract (0.1 ml) was mixed with 50 pl of 2 N Folin Ciocalteu reagent,
and allowed to stand for 3-5 min at room temperature before adding 0.3 ml of 20% Na,COj; to the
mixture. After leaving for 15 min at room temperature, 1 ml of distilled water was added. The
absorbance was measured at 725 nm using a UV-spectrometer. Total phenolic was quantified by
calibration curve obtained from measuring the absorbance of gallic acid standard. The
concentration was expressed as mg of gallic acid equivalents per gram of extract [10].

2.4 Total flavonoid contents analysis

The total flavonoid content of the extract was determined according to the colorimetric method as
described by Moreno et al [11]. Each extract (0.5 ml) was added to test tubes containing 0.1 ml of
10% AI(NOs); (w/v), 1 M of CH3COOK and 4.3 ml of 80% ethanol. After incubation for 40 min
at room temperature, the absorbance was determined at 415 nm. The total flavonoid content was
expressed in milligrams of quercetin equivalents (QE) per gram of extract.

2.5 DPPH assay

The DPPH (2, 2-diphenylpicrylhydrazyl) assay [12] was used to determine the free radical
scavenging activity of mushroom extracts. Each mushroom extract in ethanol was mixed with 1 ml
of methanolic solution containing DPPH radicals, resulting in a concentration of 0.2 mM DPPH.
The mixture was shaken vigorously and left to stand for 30 min in dark condition, and the
absorbance was then measured at 517 nm. The DPPH free radical scavenging activity was
expressed in the percentage inhibition which was calculated by [(A¢-A1)/Ag] x 100, where Ay is
the absorbance without the sample, and A; is the absorbance with the sample.

2.6 FRAP assay

The reducing power was recorded while FRAP (Ferric reducing antioxidant power assay) was
determined according to the method described by Benzie and Strain [13] with some modifications
by Jeong et al. [14]. The stock solutions included 300 mM acetate buffer, pH 3,6,10 mM TPTZ (2,
4, 6-tripyridyl-s-triazine) solution in 40 mM HCI, and 20 mM FeCl;.6H,O solution. The fresh
working solution included 40 mM HCI, 20 mM TPTZ solution, and 2.5 ml FeCl;.6H,O solution
and was warmed at 37 °C. The mushroom tested sample was then mixed with 0.5 ml extracts and
allowed to react with FRAP solution for 30 min in dark condition. The colored product (Ferrous
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tripyridyltriazine complex) was undertaken at 539 nm absorbance. The standard curve was linear
between 25 and 800 nM Trolox (6-hydroxyl-2,5,7,8-tetramethylchroman-2-carboxylic acid). The
results were expressed in mM TE (Trolox equivalent antioxidant capacity) perform of dried
mushrooms.

2.7 a-Glucosidase assay

An inhibitory effect against a-glucosidase (from baker’s yeast) was performed using the modified
protocol previously reported [15-17]. Briefly, the a-glucosidase (0.1 U/mL) and substrate (1 mM
p-nitrophenyl-o-D-glucopyranoside) were dissolved in 0.1 M phosphate buffer, pH 6.9. A 10 pL
of test compound (1 mg/mL in DMSO) was incubated with 40 uL of a-glucosidase at 37 °C for 10
min. A 50 pL substrate solution was then added to the reaction mixture and incubated at 37 °C for
additional 20 min. The reaction was terminated by adding 100 uL of 1 M Na, COj;. Enzymatic
activity was quantified by measuring the absorbance at 405 nm (Bio-Red microplate reader model
3550 UV). The percentage inhibition was calculated by [(A¢-Ai1)/Ao] * 100, where Ay is the
absorbance without the sample, and A; is the absorbance with the sample. The ICso value was
determined from a plot of percentage inhibition versus sample concentration. Acarbose was used
as a standard control and the experiment was performed in triplicate.

2.8 Data Analysis

The concentrate of tested compounds required to inhibit 50% of the a-glucosidase activity under
the assay conditions was determined from dose-response curves and defined as ICsy value. Each
value means SD of triplicate determinations. Mean separation within columns was done by
Duncan's multiple range test at 0.1% level and significant differences of these data were calculated
using analysis of variance (ANOVA).

3. Results and Discussion

The ethanolic extract yields from four Lentinus mushrooms were 3.11+0.001, 4.45+0.003,
3.20+0.004 and 1.99+0.006 mg/g dried weight mushroom in L. edodes, L. polychrous, L. sajor-
caju and L.squarrosulus, respectively, as shown in Figure 1. The extract yields were in agreement
with the finding of previous report by Attarat and Phermthai [4].

The ethanolic extracts of Lentinus mushrooms were analyzed for the total phenolic
content (TPC) and total flavonoid content (TFC). Phenolic and flavonoid exhibited a wide range of
biological effects such as antioxidation, antibacterial, antiinflammatory and antihyperglycemic. In
this study, TPC used as indirect testing of antioxidant capacity in Lentinus mushrooms extracts.
Total phenolic and flavonoid compounds in Lentinus mushrooms extracts are presented in Table 1.

The extract of L. squarrosulus contained the highest amount of TPC at 300.5+£0.6 mg
GAE/g. The finding was very similar to that of previous report [4] and for TFC, it was firstly
reported in Lentinus mushrooms with L. Polychrous presenting the highest amount of TFC at
120.9+0.2mg QE/g. In addition, TPC of mushroom extract was also used as an indirect measure of
antioxidant capacity that was further revised by different assays as DPPH and FRAP assays. Thus,
the antioxidant properties as percentage inhibition of DPPH of Lentinus mushroom extracts were
showed in Figure 2.
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Figure 1. The ethanolic extract yields from four Lentinus mushrooms

Table 1. Total phenolic and total flavonoid contents in extracts of Lentinus mushrooms

Species TPC TFC™
P (mg GAE/g) (mg QE/g)
L. edodes 140.1+£0.2¢ 62.8+0.1c
L. polychrous 120.1+0.1d 120.9+0.2a
L.sajor-caju 196.0+0.3b 112.2+0.4b
L. squarrosulus 300.5+0.6a 19.18+0.6d

*Total phenol content analysed as gallic acid equivalent mg/g of extract, values are averages of triplicates.
**Total flavonoid content analysed as quaercetin equivalent mg/g of extract, values are averages of triplicates.
Note Different letters within the same column means significantly different (P <0.1)
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Figure 2. Percentage inhibition of DPPH radical of Lentinus mushrooms

Among the Lentinus mushroom extracts, L. squarrosulus showed the highest percentage inhibition
of DPPH in all concentrations which were dose-dependent inhibition. At a concentration of 1.0
mg/mL the percentage inhibition of DPPH of L. polychrous, L. sajor-caju and L. squarrosulus was
about 38, 43 and 45.1%, respectively.

The FRAP assay was expressed by comparison of micromolar of trolox equivalent per
gram dried mushroom as shown in Figure 3. The extract of L. squarrosulus showed 94.1 uM TE/g
dried mushroom suggesting that it was more potent antioxidant than other extracts. This data was
correlated with TPC and DPPH assays.

Additionally, the antihyperglycemic properties were evaluated in Lentinus mushroom
extracts which were carried out by a-glucosidase inhibitory activity as shown in Table 2.
Acarbose was used as the positive control in the treatment of diabates millitus as o-glucosidase
inhibitor. The extracts of L. polychrous and L. squarrosulus revealed a- glucosidase inhibitory
activities with ICsp 39.59+0.01 and 46.24+0.02 at 10 mg/mL while the extracts of L. edodes and L.
sajor-caju revealed a- glucosidase inhibitory activities less than 30%.
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Figure 3. FRAP assay, expressed in uM Trolox equivalent antioxidant capacity

Table 2. Inhibitory activity of o- Glucosidase in Lentinus mushrooms

Extract

ICs0 (ug/mL)"

L. edodes

NI

L. polychrous

39.59+0.01

L. sajor-caju

NI

L. squarrosulus

46.24+0.02

Acarbose

52.29

*NI= No inhibition, inhibitory effect less than 30% at 10 mg/mL.

Four Lentinus mushrooms: L. edodes, L. polychrous L. sajor-caju and L. squarrosulus contained
high amount phenolic compounds which were antioxidants that correlated well with DPPH and
FRAP assays. Both assays used a similar mechanistic basis, the electrons were transferred from
antioxidant in order to reduce an oxidation reaction. However, the evaluation of these antioxidants

has to be confirmed by other assays. This research firstly reported on o- glucosidase inhibitory
activity in Lentinus mushrooms, in which L. polychrous gave the highest inhibitory activity with

ICs value of 39.59+0.01 pg/mL. Two mushrooms, L. polychrous and L. squarrosulus were highly
effective in antioxidation and antihyperglycemia. In addition, the highest total flavonoid contents of

L. Polychrous showed highest o-glucosidse inhibitory activity, indicating the correlation of
flavonoids to a-glucosidase activity. Therefore, the richness of bioactive components in these

4. Conclusions

mushrooms make them appropriate for functional food and nutritional supplements.
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Abstract

The yield of water-soluble protein extracted from silkworm pupae, Bombyx mori Linn. (WSPB) was
3.96% by wet weight basis. The major amino acids found in WSPB were glutamic acid, which was
the most abundant, followed by histidine, phenylalanine and glycine in that order. The
electrophoretic study revealed that proteins with MW of 37, 64 and 75 kDa were the major protein
components in WSPB. Based on FTIR analysis, WSPB remained its structural integrity. The surface
hydrophobicity, free and total sulfhydryl group contents were 3.52, 22.17 pmol/g and 23.08 umol/g,
respectively. WSPB was highly solubilized in the pH range of 5-11. WSPB exhibited poor
emulsifying properties and foaming capacity but the foam stability was comparable to bovine serum
albumin (BSA). WSPB had high antioxidant potential, based on DPPH’, ABTS'* and FRAP assay.
Therefore, protein from silkworm pupae is a potential source of antioxidant and can be served as an
ingredient in processed foods to enhance its desired functionality and nutritional value.

Keywords: Characterization, Functionality, Antioxidant activity, Water-soluble protein, Edible
insect, Bombyx mori Linn.

1. Introduction

Silkworm pupae (Bombyx mori Linn.) are considered a good food source for humans because of
their high nutritional value [1]. They have been consumed in many Asia countries including
Thailand, China, Korea, Japan and India. Silkworm pupae are the main by-product of the silk
industry and constitute 60% of dry cocoon weight after extracting threads [2]. The nutritional value
of silkworm pupae is rich in lipids (20.1% wt) and protein (12% wt), exhibiting the high levels of
essential amino acids such as valine, methionine and phenylalanine [3]. Several studies have shown
that silkworm pupae contain 45 to 55% protein (18 amino acids, including 8 essential amino acids)
on a dry matter basis. Four kinds of protein components have been identified in silkworm pupae
which albumin was found to be the highest at 27.24%, followed by glutelin at 23.72%, prolamine at
11.82% and globulin at 4.21%, respectively [4]. The hydrolysate of albumin was determined with
the highest angiotensin-converting enzyme (ACE) inhibiting effect, followed by globulin. Inhibiting
ACE could be decreased hypertension, which recognized as a serious risk factor for cardiovascular
diseases [4]. This means that it is a good-quality protein source and a good source of bioactive
peptides [4, 5].

*Corresponding author: Tel.: +66-2329-8000 ext. 7250 Fax: +66-2329-8526
E-mail: praphan.pi@kmitl.ac.th
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Proteins can be added to foods to improve their functional properties such as solubility,
emulsifying and foaming properties [6]. Park et al. [7] also determined the effects of adding flour made
from silkworm pupae to meat batter. They found that combining the flour with transglutaminase
improved the physicochemical properties of meat batter. Kim et al. [8] found that adding B. mori pupae
flour to emulsion sausages increased their cooking yield and hardness. B. mori pupae have many
biomedical advantageous for humans including controlling blood glucose level, improving male
sexual function and enhancing memory [9, 10]. Wu et al. [1] postulated that animal proteins may have
other health benefits, in addition to energy and nutritional functions, including enzyme (ACE)
antioxidant activity and free radical-scavenging. Generally, B. mori are well known, easily obtained
and a favorite in Thailand and are reported to be high in minerals, fatty acids and protein [11, 12]. The
aim of this investigation was therefore to study on the characteristics, functional properties and
antioxidant activities of water-soluble proteins from silkworm pupae (B. mori), in order to determine
whether they are a good source of protein that could be extracted and used as a food ingredient.

2. Materials and Methods

2.1 Protein extraction

Frozen silkworm pupae (B. mori) was obtained from a commercial supplier (Mr. BUC FOOD, Ayutthaya,
Thailand) was blended with cold water (4°C) at a ratio of 1:4 w/v for 15 min using blender (MMBS54GS5S,
BOSCH, Germany) and stirred overnight at 4°C, to ensure that the proteins were dissolved. The suspension
was centrifuged at 12,500 g for 30 min at 4°C. After centrifugation, the sample was separated to 3 layers.
The top layer was fat layer. The middle layer contained water soluble protein fraction. The bottom layer was
undissolved components. Then, the middle layer, containing water soluble protein fraction was collected,
freeze-dried and referred to as “water-soluble protein from B. mori: WSPB”. Extraction was performed in
triplicate and the protein content of the extract was determined by Kjeldahl method [13].

2.2 Yield and efficiency of extraction
The yield of WSPB was calculated as a percentage of the weight of WSPB powder in comparison
with the weight of B. mori before extraction and was calculated as follows:

Yield (%) = (weight of WSPB (g) / weight of sample (g)) x 100.
Extraction efficiency was calculated as a percentage of the total protein extracted from B. mori of
WSPB in comparison with the content of total protein content in B. mori in which determined by
Kjeldahl method [13]. The extraction efficiency of WSPB was calculated as follows:

Extraction efficiency (%) = (total extracted protein of WSPB (g) / total protein content of
B. mori (g)) x 100.

2.3 Characterization of WSPB

2.3.1 Amino acid analysis

The amino acid composition of WSPB was determined by The Central Instrument Facility at
Mabhidol University, Bangkok, Thailand. The analysis was performed using HPLC (Waters Alliance
2695 with heater, Jasco FP2020 fluorescence detector (EX: 250 and EM: 395 nm)) with a Hypersil
gold column C18 (4.6x150 mm, 3pum) at 35°C. Amino acid standards (Sigma-Aldrich, USA) were
used for calibration.

2.3.2 Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)

SDS-PAGE was performed according to the method of Laemmli [14] with slight modifications. The
samples (3 g) were mixed with 27 mL of 5% SDS, heated at 85°C for 1 h, then centrifuged at 8,500
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g for 5 min using a centrifuge (5804 R Eppendorf, Germany) to remove undissolved debris. The
supernatant was collected and mixed at 1:1 (v/v) ratio with the sample buffer (0.5 M Tris—HCI, pH
6.8, containing 4% (w/v) SDS, 20% (v/v) glycerol and 0.3% (w/v) bromophenol blue) for non-
reducing condition and in the presence of 10% (v/v) B-ME for reducing condition. Samples (15 ug
protein, determined by Biuret method) were loaded onto a polyacrylamide gel made of 10%
separating gel and 4% stacking gel and subjected to electrophoresis at a constant current of 20
mA/gel, using an electrophoresis apparatus (AE-6440, Atto Co., Tokyo, Japan). After
electrophoresis, gels were fixed with a mixture of 50% (v/v) methanol and 10% (v/v) acetic acid for
45 min, followed by staining with 0.05% (w/v) Coomassie Blue R-250 in 15% (v/v) methanol and
5% (v/v) acetic acid for overnight with constant shaking. Finally, gels were destained with the
mixture of 30% (v/v) methanol and 10% (v/v) acetic acid until clear background was obtained. The
molecular weight protein standard markers, using Precision Plus Protein™ Unstained Standard (10-
250 kDa) (Bio-Rad, CA, USA) were run in the same manner used to estimate the molecular weight
of proteins. Gels were imaged using a scanner (MFC-L2700DW, Brother, UK) and band intensities
were quantified with the public domain digital analysis software, ImageJ (ImageJ 1.51t, National
Institutes of Health, Bethesda, USA).

2.3.3 Fourier transform infrared spectroscopy (FTIR)

FTIR spectrum of WSPB was determined by Scientific Instrument Centre at King Mongkut’s Institute
of Technology Ladkrabang, Bangkok, Thailand. The analysis was performed using a Nicolet Model 6700
FT-IR Spectrometer (Thermo Scientific, Germany). Spectrum was acquired at a resolution of 4 cm ™' and
the measurement range was 4000400 cm ' at room temperature. Automatic signals were collected in 32
scans and evaluated against a background spectrum recorded from the clean, empty cell at 25°C.

2.3.4 Determination of surface hydrophobicity

Surface hydrophobicity of the WSPB samples was determined using a fluorescence probe 1-anilino-
8-naphathalenesulfonate (ANS) following the method described by Malik et al. [15] with some
modifications. WSPB was prepared at concentrations in the range of 0.05-0.5 mg/mL with a
phosphate buffer (0.1 M, pH 7). 20 uL of ANS (8.0 mM in phosphate buffer 0.01 M, pH 7) was
added to 4 mL of WSPB solution, vortexed and kept in the dark for 15 min. Relative fluorescence
intensity (RFI) of both the buffer (blank) and each protein solution (from the lowest to the highest
concentration) was measured using a fluorescence spectrometer (F-2700, Hitachi, Japan) at 390 nm
(excitation wavelength) and 480 nm (emission wavelength), with a scanning speed of 5 nm s™!. RFI
of each dilution bank was subtracted from corresponding protein solution with the fluorescence
probe ANS to obtain the net RFI. The initial slope of the plot of standardized net RFI values versus
% protein concentration was expressed as surface hydrophobicity (Ho).

2.3.5 Determination of free and total sulfthydryl group content determination

The method used for determination of the sulthydryl group content of WSPB was adopted from
Malik et al. [15] with some modifications. The protein solution (0.5% w/v) was prepared using a
standard buffer pH 8.0 (0.086 M Tris, 0.09 M glycine and 4 mM Na,EDTA) for free sulfhydryl
group determination and a denaturing buffer (standard buffer plus 8 M urea and 0.5% w/v sodium
dodecyl sulfate) for total sulfhydryl group determination. The samples were then incubated at room
temperature for 30 min. and the mixture was centrifuged (12,500 g for 20 min) prior to collecting
the supernatant for determination. To each 4 mL aliquot of supernatant, 0.1 mL Ellman’s reagent
solution (5,5-dithiobis (2-nitrobenzoic acid): DTNB) (4 mg DTNB/mL buffer) was added, rapidly
mixed and allowed to stand for 15 min. The solution was then read at 412 nm in an UV-Vis
spectrophotometer (UV-1800, Shimadzu, Japan) against a blank. The blank was prepared by mixing
4 mL of the respective buffer with 0.1 mL of Ellman’s reagent. In order to calculate micromoles of
SH/g of protein, a molar extinction coefficient of 1.36 x 10* M ! cm ™! was used.
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2.3.6 Color measurement

The color of WSPB powder was determined using the Colour Quest XE colorimeter (Hunter Lab.,
Hunter Assoc. Laboratory, USA). The setting for the illuminant was Dgs source and the observer was
standard 10°. Calibration of the instrument was conducted with black and white calibration tiles.
WSPB powder was filled in a cuvette quart path length 25 mm, and three observations were measured
and expressed as CIE L* (lightness), a* (redness), and b~ (yellowness) with 5 readings/samples.

2.4 pH measurement

WSPB (1 g) was mixed with 9 mL of distilled water and stirred at 100 rpm for 10 min. The pH value
of the mixture was measured at room temperature in triplicate using an electronic pH meter (FE-20,
Mettler-Toledo Instruments Co., Ltd., Switzerland).

2.5 Determination of protein functional properties

2.5.1 Protein solubility

Protein solubility was measured according to the method of Nalinanon et al. [16] with slight
modifications. The solubility of WSPB was determined at pH values from 1 to 11. Briefly, 50 mg
of WSPB was dispersed in 8 mL of distilled water and the pH of the mixture was adjusted to 1, 2,
3,4,5,6,7,8,9,10 or 11 using 1 M HCl or 1 M NaOH. The dispersion was stirred for 30 min at
room temperature and then the volume was adjusted to 10 mL and centrifuged at 6,000 g for 10 min.
The supernatant was collected and subjected to protein determination using Biuret method. Bovine
serum albumin was used as a protein standard. Total protein content in the sample was determined
from the soluble portion of the sample in 0.5 M NaOH and relative solubility of protein sample was
calculated as follows:

Relative solubility (%) = (protein content in supernatant/ total protein content in sample) x 100

2.5.2 Emulsion activity index (EAI) and emulsion stability index (ESI)
The EAI and the ESI were determined according to the method of Pearce and Kinsella [17], with
slight modifications. 2 mL of soybean oil and 6 mL of protein solution (5 mg/mL) were
homogenized at 20,000 rpm for 1 min. An aliquot of the emulsion (50uL) was pipetted from the
bottom portion of the container at 0 and 10 min after homogenization and subsequently diluted 100-
fold using 0.1% sodium dodecyl sulfate (SDS) solution. Each sample was mixed thoroughly for 10
s using a vortex mixer. Asgp of the resulting dispersion was measured using a spectrophotometer
(UV-1800, Shimadzu, Japan). EAI and ESI were calculated as follows:

EAI (m?/g) = (2x2.303xAxDF)/1dC
where A = Asy, DF = dilution factor (100), 1 = path length of cuvette (m), ® = oil volume fraction
and C = protein concentration in aqueous phase (g/m?)

ESI (min)=(A¢* t /AA)
where AA = Ag - Ajp and t = 10 min.

2.5.3 Foaming capacity (FC) and foam stability (FS)
FC and FS of WSPB solution was determined as described by Nalinanon et al. [16] with slight
modification. Sample (35 mL), with 5 mg/mL protein concentration, was transferred into a 100-mL
cylinder. The solutions were homogenized at 16,000 rpm for 1 min at room temperature (about
25°C) and the samples were allowed to stand for 0 and 60 min. FE and FS were then calculated
using the following equations:

FC (%) = V1/V, x100

FS (%) = VG()/VO x100
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where Vr is total volume after whipping, Vy is the original volume before whipping, and Vg is total
volume after leaving at room temperature for 60 min.

2.6 Determination of antioxidant activity

2.6.1 DPPH radical scavenging activity

DPPH radical scavenging activity was measured following the method of Murakami et al. [18] with
a slightly modification. Briefly, The reaction mixture contained 5.4 mL of WSPB at different
concentration and 0.6 mL of 0.8 mM DPPH in 95% ethanol. The mixture was incubated at room
temperature for 30 min in dark, and then the absorbance at 517 nm was measured using a
spectrophotometer (UV-1800, Shimadzu, Japan). The control was prepared in the same manner
excepted that distilled water was used instead of the sample. The percentage of DPPH- scavenging
activity of the sample was calculated as:

Scavenging activity (%) = (1-Asample/ Acontro) X100

where Acontrol 1S the absorbance of the assay without sample and Agampie is the absorbance
in the presence of the WSPB.
The result was expressed as the ICso value. The ICso (concentration providing 50% inhibition) value
was calculated from the plotted graph of scavenging activity against the concentrations of the
sample.

2.6.2 ABTS radical scavenging activity

ABTS radical scavenging activity was measured following the method of Rice-Evans et al. [19]
with a slightly modification. The ABTS radical (ABTS"") was produced by reacting 7.4 mM ABTS
stock solution with 2.45 mM potassium persulphate at a ratio of 1:1 (v/v). The mixture was allowed
to react for 12-16 h at room temperature in the dark. This working solution of ABTS ™ solution was
diluted with 95% ethanol, in order to obtain an absorbance of 0.700 + 0.020 at 734 nm. The reaction
mixture contained 0.15 mL of WSPB at different concentrations and 2.85 mL of ABTS™ solution.
The mixture was incubated at room temperature for 6 min in dark. Then, the absorbance at 734 nm
was measured using a spectrophotometer (UV-1800, Shimadzu, Japan). The control was prepared
in the same manner excepted that distilled water was used instead of the sample. The percentage of
ABTS ™" scavenging activity and ICs of the sample was calculated in the same manner as described
in section 2.6.1.

2.6.3 Ferric reducing antioxidant power (FRAP)

FRAP was determined by the method described by Benzie and Strain [20]. Briefly, the FRAP
reagent was freshly prepared by mixing of 10 mM 2,4,6-Tri(2-pyridyl)-s-triazine (TPTZ) solution
in 40 mM HCI, 20 mM FeCls.6H,0 solution and 300 mM acetate buffer, pH 3.6 (1:1:10 v/v/v). A
sample (0.1 mL) was mixed with 3mL of FRAP reagent and the mixture was left at room temperature
for 8 min in the dark. The absorbance was measured at 593 nm using a spectrophotometer (UV-
1800, Shimadzu, Japan). The blank was prepared in the same manner, except that distilled water
was used instead of the sample. A standard curve was prepared using Trolox in the range of 20-120
ng. The activity was expressed as pg Trolox equivalent (TE)/g protein.

2.7 Statistical analysis

All results were performed in triplicate. Data were presented as means + standard deviation and a
probability value of <0.05 was considered significant. For pair comparison, T-test was used. SPSS
statistic program (SPSS 11.0 for Windows, SPSS Inc., Chicago, USA) was used for data analysis.
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3. Results and Discussion

3.1 Yield and characteristics of WSPB

The yield and some physicochemical characteristics of water-soluble protein from B. mori (WSPB)
are shown in Table 1. The silkworm pupae was simply extracted with distilled water. The yield of
the resultant freeze-dried counterpart or WSPB was 3.62% based on wet weight basis. Kim et al.
[8] reported that the yield of defatted silkworm pupae flour was about 35.84% (dry weight), which
composed of ground whole insect without fat. The difference is probably due to different preparation
and extraction procedures. According to the total protein content of B. mori (6.04%) determined by
Kjeldahl method, the extraction efficiency of WSPB was calculated to be 65.62%, indicating high
efficacy of protein extraction. The protein extraction method using water in the present work is low
cost, environmental friendly and practical of use in large scale of protein extraction.

The pH of WSPB was 6.64, which was slightly higher than that reported for untreated
silkworm pupae flour (pH 6.43) [8]. This might be due to the difference in the source or cultivation
of the silkworms. The color of WSPB expressed as L*, a* and b* values was 75.21, 2.11 and 24.67,
respectively, presenting a bright-light reddish-yellow color. However, a general observation of the
visible color of WSPB powder tended to be bright yellow. The predominant pigment of silkworm
pupae is melanin, which can be black, brown or yellow in color [21]. Kim et al. [8] dried silkworm
pupae at high temperature, which might be one cause for the color to be darker (L* = 42.95) in their
experiments compared to this result.

Table 1. Yield and physicochemical characteristics of water-soluble protein from B. mori (WSPB)

WSPBY

Yield (%) 3.96+0.14
Extraction efficiency (%) 65.62+2.29
pH 6.64+0.01
Color L* 75.42+0.17

a* 2.22+40.11

b* 24.70+0.13
Free sulfhydryl content (umol/g) 22.18+0.05
Total sulthydryl content (umol/g) 23.08+0.07
Surface hydrophobicity (Ho) 3.52+0.03

fMean £ SD from triplicate determinations.

The total sulthydryl content and free sulfhydryl content of WSPB were 23.08 and 22.18
umol/g, respectively. It was suggested that WSPB may have a good reducing power as a function
of —SH group. The surface hydrophobicity (H,) of WSPB was 3.52+0.03, which was lower than
previously reported by Azagoh et al. [22] who found surface hydrophobicity of the mealworm beetle
larvae (Tenrbrio molitor) to be 102.5. Higher surface hydrophobicity was also previously found in
soy protein isolate [23] and soluble protein from T. molitor larvae meal [22]. They explained that
aggregating proteins are more hydrophobic and hydrophobic zones are buried inside the structure
of proteins. Elias et al. [24] proposed that amino acids in protein including those with sulthydryl
groups (methionine and cysteine) or aromatic ring (tryptophan, tyrosine, and phenylalanine) contain
a hydrogen atom that can interact with free radicals. With high free sulthydryl content and low
surface hydrophobicity, WSPB could be easily extracted into water fraction and might also ready to
modify its structure to have better functionality as desired.
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3.2 Amino acid composition

The amino acid composition of WSPB is presented in Table 2. WSPB composed of 15 amino acids
of which 7 are essential amino acids and 8 nonessential amino acids. The predominant essential
amino acids were histidine, lysine, threonine and valine and the predominant nonessential amino
acids were glutamic acid, proline, glycine and tyrosine. Glutamic acid, histidine, proline and glycine
were the major amino acid found in WSPB with descending amount in order. Rao [25] also reported
that glutamic acid was the most abundant amino acid in silkworm larvae. These results are similar
to those reported by Wu et al. [1] for B. mori, although, the level of amino acid content was lower
when compared to those reports of Rao [25] and Longvah et al. [26]. These differences might be
due to differences in the extraction method and source of insects. Generally, protein functionality
and bioactivity govern by its amino acid composition as well as amino acid sequence [27]. In
addition, the total hydrophobic amino acid, including isoleucine, leucine, methionine,
phenylalanine, valine, alanine, glycine and proline of WSPB was calculated to be 333 residues/1000
residues, indicating that WSPB had slightly low molecular hydrophobicity.

Table 2. Amino acid composition of water-soluble protein from B. mori (WSPB) (residues/1000
residues)

Amino acids WSPB (residues/1000 residues)
Essential amino acids
Histidine 129
Isoleucine 29
Leucine 36
Lysine 54
Methionine ND
Phenylalanine 23
Threonine 53
Tryptophan ND
Valine 50

Nonessential amino acids

Alanine 52
Arginine 37
Aspartic/Asparagine 62
Cysteine ND
Glutamic/Glutamine 210
Glycine 66
Proline 77
Serine 59
Tyrosine 53

ND is not detectable.
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3.3 SDS-PAGE

Protein pattern and molecular weight distribution of WSPB were analyzed by SDS-PAGE using
10% separating gel under reducing and non-reducing conditions as shown in Figure 1. There was a
wide range of molecular weights in the WSPB ranging from lower 20 kDa to 250 kDa. Four major
groups of protein bands under reducing condition were found to be 50-75 kDa, 37-50 kDa, 25-37
kDa and less than 25 kDa with the observed protein bands at 37 kDa, 45 kDa, 64 kDa, 75 kDa and
80 kDa being abundant. Four major groups of protein bands under non-reducing condition were
found to be over 150 kDa, 50-100 kDa, 37-50 kDa and less than 25 kDa with the observed protein
band intensity 37 kDa, 64 kDa and 75 kDa being abundant. The protein patterns of WSPB under
non-reducing condition were difference from reducing condition. The absence of protein bands with
molecular weight over 250 kDa and lower band intensity of three major bands in WSPB under non-
reducing condition and with the presence of protein bands with 80 kDa, 54 kDa and 45 kDa under
reducing condition indicated that WSPB contained disulfide bonds. Wang et al. [4] reported four
major protein components in silk worm pupae, including albumin (97.4 kDa, 61.4 kDa, 44.4 kDa
and 26.7 kDa), glutelin (200 kDa and 15 to 60 kDa), globulin (130.0 kDa and 26.8 kDa) and
prolamin (15.3 to 46 kDa).

Reducing Non reducing

WAL UL

250kDa ——»
150kDa ——»

100kba ——»
75kDa ——p»

TN ————— e
B e W—————

50kDa — po,
37kDa ——» e A

25kDa ——— =

20kDa ———p
A |

M WSPB WSPB

Figure 1. SDS-PAGE patterns of water-soluble protein from B. mori (WSPB) under reducing and
non-reducing conditions. M denotes standard molecular weight protein markers.
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3.4 Fourier-transform infrared (FTIR) spectrum of WSPB

The FTIR spectrum of WSPB is depicted in Figure 2. The result showed that WSPB had three
characteristic amide bands representing amide B (2900-3200 cm™), amide | (1600-1700 cm™) and
amide 11 (1200-1400 ¢cm™). This result was in accordance with those previously reported in
silkworm pupae protein modified by ultrasound or micronization techniques [28]. The major peaks
were found at wavenumbers of 2924.47, 1609.58, and 1398.30 cm!for amide B, amide | and amide
I11, respectively. Amide B corresponded to asymmetric stretch vibration of =C—H as well as -NH3*
and amide | bands originated from C=O stretching vibrations coupled to N-H bending vibrations,
CN stretch and CCN deformation [29]. Amide Il1 represented the combination peaks between N-H
deformation and C-N stretching vibrations and was involved with the triple helical structure of
protein [30]. As a result, WSPB remained its structural integrity after extraction.

Transmittance

Amide B Amide I T W

Anude 1T

4000 3500 3000 2500 2000 1500 1000 500 0
Wavenumber (cm!)

Figure 2. Fourier transform infrared spectrum of water-soluble protein from B. mori (WSPB)

3.5 Functional properties of WSPB

The solubility of WSPB in the pH range of 1-11 was depicted in Figure 3. The result showed that
WSPB was highly solubilized more than 80% in the pH range of 5-11, indicating that the protein in
silkworm pupae can be solubilized at neutral to alkaline pH. At acidic pH, the solubility of WSPB
was generally low (< 40%). The lowest solubility was found in the pH range of 3-4, indicating
isoelectric pH (pI) of WSPB. Wang et al. [4] reported that the pls of albumin, globulin, glutelin and
prolamin of silk worm protein were 2.5, 2.7, 4.0 and 4.5, respectively. This was due to a reduction
in electrostatic repulsive forces between the proteins, leading to protein aggregation [22]. This effect
is similar to those reported for several legumes, animal protein and protein isolates [22, 31, 32].
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Figure 3. Relative solubility (%) of water-soluble protein from B. mori (WSPB) as affected by
different pHs.

Emulsifying and foaming properties of WSPB are shown in Table 3. The emulsion activity
index (EAI) and emulsion stability index (ESI) of WSPB were 25.09 m?*/g and 21.15 min,
respectively. The EAI and EST of WSPB were significantly lower than bovine serum albumin (BSA)
(p<0.05). The differences between the emulsion activity and emulsion stability are related to the
amphiphilicity of the protein surface, protein contents (soluble and insoluble) and other components

[6].

Table 3. Emulsifying and foaming properties of water-soluble protein from B. mori (WSPB) and
bovine serum albumin (BSA)

Functional properties WSPB BSA

Emulsion activity index (EAI) (m*g) 25.09+1.34%" 295.2442.30°
Emulsion stability index (ESI) (min) 21.15+0.22° 38.55+0.77*
Foam capacity (FC) (%) 9.29+1.01° 81.23+£7.27*
Foam stability (FS) (%) 93.46+0.06* 67.41+2.95°

f Mean + SD from triplicate determinations.
* Different superscript letters in the same row indicate significant differences (p<0.05).

WSPB exhibited 9.29% and 93.46% for foam capacity (FC) and foam stability (FS), respectively.
The FC of WSPB was low when compared with BSA (81.23%) (p<0.05). This might be due to the
variation of molecular weights of protein component in WSPB, interrupting the formation of protein
film at the lamellae of air bubble. The result was similar to those reported by Adebowale et al. [33]
for whole giant cricket (Gryllidae sp.) powder that had a FC of 6%, and Omotoso [34] who reported
the FC from Cirina forda as 7.1%. However, FS of WSPB was significantly higher than that of BSA
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(67.41%) (p<0.05). Johnson and Zabik [35] explained that intermolecular protein-protein interaction
enhances the cohesive nature of the film, therefore imparting stability and elasticity to the
membrane. This interaction appears to be dependent on the presence of a high ratio of nonpolar/polar
side chains in the protein [35] which was found in WSPB, according to its amino acid component.
Zielinska et al. [6] reported the FC of Gryllidae sigillatus flour as 41% and FS was 34.67%. The
differences between FC and FS of proteins may be due to their different compositions in different
species and their different conformational characteristics [6]. The differences in FS is also probably
due to components such as carbohydrates, which reduces protein-protein interactions and leads to
formation of weak interfacial membranes that are unable to stabilize the foams [36].

3.6 Antioxidant activities

Antioxidant activities as determined by ABTS, DPPH and FRAP assays of WSPB are shown in
Table 4. WSPB exhibited strong scavenging activity on DPPH and ABTS radicals with ICsp 0f43.11
and 16.57 pg/mL, respectively. Wu et al. [1] reported that protein hydrolysates from larval instars
of silkworm, obtained after digestion with gastrointestinal proteases, had DPPH" scavenging
capacity (ICso) of 57.91 pg/mL. Pachiappan et al. [37] reported that silkworm pupae powder had
DPPH' scavenging capacity (ICso) of 60.58 pg/mL. These reports found less effective on DPPH*
scavenging activity when compared with the present result (ICso of 43.11 pg/mL). In contrast, the
results had low potential on DPPH inhibition when compared with methanolic silkworm pupae
extract from muga silkworm (Antheraea assamensis) (ICso of 25.83 pg/mL as reported by Deori et
al. [38]. Additionally, Zielinska et al. [36] reported that the antiradical activity against DPPH" for
the hydrolysates obtained after digestion of five edible insects ranged from 19.1 to 76.3 pg/mL. The
antiradical activity against ABTS™" (ICso) ranged from 4.6 to 25.9 ug/mL [36]. The more stable
products could be formed and the radical chain reaction terminated from these peptides since they
are electron donors that could react with free radicals [39]. These results indicate that insect protein
could be a good source of antioxidant peptides.

Table 4. Antioxidant activity of water-soluble protein from B. mori (WSPB)

Antioxidant assays WSPBf

DPPH (ICsy pg/mL) 43.1120.11
ABTS (ICs pg/mL) 16.57£0.04
FRAP (ug TE/g protein) 54.20+0.13

fMean + SD from triplicate determinations

As per FRAP assay, WSPB also presented reducing power on Fe** of 54.20 ng TE/g
protein. Bousopha et al. [40] reported that collagen hydrolysate from Pharaoh cuttlefish skin with
10-30% DH had ferric reducing power values of 23.50 to 26.50 umolTE/g protein. The increase or
decrease in ferric reducing power for protein hydrolysates may be related to the exposure of
electron-dense amino acid side chain groups, such as polar or charged moieties during hydrolysis
[41]. Chalamaiah et al. [42] reported that the reducing power of three carp roe protein hydrolysates
increased with increasing concentrations. Compounds with higher reducing power were shown to
have a better ability to donate electrons or hydrogen and serve as a significant indicator of their
potential for use as an antioxidant [29]. The antioxidant activities of DPPH’, ABTS"" and FRAP
scavenging ability, appear to be dependent on the molecular weight of the peptide [42]. In addition,
those with a low-molecular weight had lower antioxidant activity. This suggests that the
hydrolysates obtained from some edible insect protein can be used as compounds that are able to
donate electrons and thus show antioxidant activity.
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4. Conclusions

B. mori could be a good source of protein. Its water-soluble protein fraction exhibited beneficial
physicochemical and functional properties as well as high antioxidant activity. This edible insect
protein can be used as an alternative food ingredient in many food applications.
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Abstract

A simple, sensitive, precise and accurate reversed phase high performance liquid chromatographic
(RP-HPLC) method has been developed for the dissolution study of Bosentan in bulk and in
pharmaceutical dosage forms. The method was developed using the mobile phase comprising of
Triethylamine buffer pH adjusted to 2.5 with ortho phosphoric acid and acetonitrile in the ratio of
50:50 v/v over Waters Symmetry Cg column (150 mm length x 4.6 mm i.d x 5 pm particle size) at
temperature 40°C. The flow rate was 1.5 ml/ min and UV detection was at 266 nm. The retention
time of Bosentan was 4.475 mins. The recovery was found to be 99.98 % which is demonstrative
of accuracy of the protocol. Inter-day and intra-day precisions of the newly developed method
were less than the maximum allowable limit (%RSD < 2) according to ICH guidelines. The
method showed linearity in the concentration range of 35-210 pg/ ml with correlation coefficient
(r?) value of 0.9999. No interference was observed from the blank (dissolution medium) and
placebo samples. Hence the method was specific for determination of % release of Bosentan
tablets in dissolution study. In robustness study for dissolution condition there was no
significant change was observed in % release after individually changing the dissolution
parameters. Calculations for system suitability parameters met the acceptance criteria. The
percentage drug release was found to be 99.41 % for marketed Bosentan tablet. Several trials were
performed by changing the dissolution medium; the 1 % SLS dissolution medium shows
successful drug release. All the validation parameters were within the acceptance range.
Therefore, the method was found to be simple, precise, accurate, reproducible, sensitive and less
time consuming and can be successfully applied for routine quality control and analysis and
dissolution study of Bosentan in bulk and in pharmaceutical dosage form.

Keywords: Bosentan, RP-HPLC, Method development, Validation, ICH guidelines, Dissolution
studies.
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1. Introduction

Bosentan (BOS) is chemically, 4-tert-butyl-N-[6-(2-hydroxy-ethoxy)-5-(2-methoxy-phenoxy)-
[2,2]-bipyrimidine-4-yl]-benzenesulfonamide (Figure 1). BOS is used to treat pulmonary artery
hypertension [1] and to reduce number of digital ulcers [2]. BOS is an Endothelin receptor
antagonist, which belongs to a class of highly substituted pyrimidine derivatives [3]. Endothelin-1
(ET-1) is a neurohormone, the effects of which are mediated by binding to ET and ETg receptors
in the endothelium and vascular smooth muscle. ET-1 concentrations are elevated in plasma and
lung tissue of patients with pulmonary arterial hypertension, suggesting a pathogenic role for ET-1
in this disease. BOS is a specific and competitive antagonist at Endothelin receptor types ETa and
ETg. BOS has a slightly higher affinity for ET receptors than for ETg receptors. Inhibition of the
ET receptors disrupts the intracellular pathway that leads to vasoconstriction thereby causing
vasodilation. BOS is white to yellowish white powder, freely soluble in dimethylformamide,
acetonitrile; soluble in ethanol and ethyl acetate, slightly soluble in isopropanol, and very slightly
soluble in hexane, poorly soluble in water [4-8].

Figure 1. Chemical Structure of Bosentan

Literature survey revealed that few analytical methods have been reported for the
estimation of BOS by UV-Visible spectroscopic methods [9-12] and RP-HPLC methods [13-18]
Karnaker reddy et al. [13] reported RP-HPLC method development and validation of BOS drug
present in tablets using methanol : potassium dihydrogen orthophosphate buffer pH 7.8 (60:40 %
v/v) as mobile phase, at a flow rate of 0.8 ml/ min at 220 nm, Rt 3.702 mins. Muralidharan et al.
[14] reported a simple RP-HPLC method for the estimation of BOS in tablet formulation using
Acetonitrile: 10 mM ammonium acetate buffer pH 4.5 (70:30 % v/v) as mobile phase at a flow
rate of 1 ml/ min at 265 nm, Rt 3.702 mins. Sujatha et al. [15] reported a new validated RP-HPLC
method for the estimation BOS in tablet dosage form using phosphate buffer pH 4.0 and
Acetonitrile (30: 70 % v/v) as mobile phase at a flow rate of 1 ml/ min at 270 nm, Rt 3.54 mins.
Lavudu et al. [16] reported a determination of Bosentan in pharmaceutical dosage forms by HPLC
using ammonium pH 5.0 : Acetonitrile (70:30 % v/v) as mobile phase at a flow rate of 1 ml/ min
at 220 nm, Rt 1.986 mins. Kalaichelvi and Jayachandran [17] reported RP-HPLC method for
Bosentan using phosphate buffer pH 5 : Acetonitrile (45:55 % v/v) as mobile phase at a flow rate
of 1 ml/ min at 270 nm, Rt 5.7 mins. Lavudu et al. [18] reported an application of
spectrophotometry and HPLC for Bosentan using methanol and ammonium buffer (60:40 % v/v)
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as mobile phase at a flow rate of 1.0 ml/ min, Amax 227 nm, Rt 2.449 mins. Stability indicating
HPLC [19-21] and HPTLC [22] methods were reported for the estimation of BOS. Also impurity
profiling by RP-HPLC [23], determination of residual solvents by headspace gas chromatography
[24, 25], determination of BOS in rat plasma by UFLC-MS/MS [26] method were reported.
Literature survey revealed that there was no such simple RP-HPLC method for the dissolution
study of BOS in bulk and pharmaceutical dosage form. Therefore, development of a simple
RP-HPLC method for dissolution study of BOS is highly desirable. Hence, the aim of the present
study was to develop a simple and rapid RP-HPLC method for dissolution study of BOS in bulk
and in pharmaceutical dosage form and to validate the method according to ICH guidelines [27].

2. Materials and Methods

2.1 Chemicals and reagents

Working standard of BOS USP was obtained from Par Formulation Pvt Ltd. The marketed
formulation was obtained from the local market. HPLC grade acetonitrile and methanol was
procured from Fisher scientific (Hyderabad, India) and ortho phosphoric acid, triethylamine,
sodium lauryl sulfate, sodium dihydrogen phosphate, sodium hydroxide of AR grade were
purchased from Rankem (Hyderabad, India) and Merck (Mumbai, India). High purity water was
obtained by using Millipore Milli-Q water purification system (Billerica, USA). The buffer was
prepared by dissolving 1 ml of triethylamine in 1,000 ml of Milli-Q water and the pH was adjusted
to 2.5 with orthophosphoric acid. One percentage of SLS was prepared by dissolving 10 gm of
sodium lauryl sulfate in 1000 ml of Milli-Q water.

2.2 Instrumentation and chromatographic conditions

High Performance Liquid Chromatographic system (Waters Alliance, USA), equipped with an
auto sampler and PDA detector was used for the analysis. The data was recording using Empower
3 software. Dissolution apparatus (Distek, USA) was used for the dissolution study of BOS.
Analytical reversed phase Cs (Waters Symmetry column, 150 mm length x 4.6 mm i.d x 5 pm
particle size) was used for the separation. Mobile phase consisting of a mixture of triethylamine
buffer adjusted pH to 2.5 with orthophosphoric acid and acetonitrile 50:50 v/ v was delivered at a
flow rate of 1.5 ml/ min with PDA detection at 266 nm. The mobile phase was filtered through
0.45 pm membrane filter, sonicated and degassed before use. The column temperature was 40 °C.

2.3 Method development and optimisation of chromatographic conditions

Mobile phase comprising of different solvent composition were tried to achieve optimum
separation. The mobile phase consisting of Triethylamine buffer, pH-adjusted to 2.5: Acetonitrile
in the ratio of 80:20, 70:30, 60:40 and 50:50 % v/ v were tried. In the ratio of 80:20 % v/v and
70:20 % v/v the Bosentan peak was not eluted properly. At 60:40 % v/v the peak shape was good
but slightly tailing was observed. At 50:50% v/v Bosentan was eluted with sharp peak and obeyed
system suitability parameters. Finally, triethylamine buffer pH was adjusted to 2.5 with ortho
phosphoric acid and acetonitrile (50:50 v/ v) was selected as an appropriate developing medium
which gave good separation and met acceptable system suitability parameters.

2.4 Selection of column oven temperature:

The Study was started with initial stage column temperature maintained at ambient, and then
increased slowly up to 40 °C. At 40°C good peak shape, peak symmetry and better separation was
observed. The peak shape and peak symmetry was good at 40 °C than the ambient temperature.
Hence, 40 °C temperature was selected for further analysis.
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2.5 Preparation of standard solution

Standard stock solution of BOS was prepared by dissolving 35 mg of BOS in 25 ml of methanol in
25 ml volumetric flask. The solution was sonicated for 5 min. Five ml of the above stock solution
was diluted to 50 ml with 1 % SLS to get a concentration range of 140 pug/ ml.

2.6 Preparation of sample solution

BOS tablet powder equivalent to 35 mg was accurately weighed and transferred into 25 ml
volumetric flask, dissolved and make up the volume with methanol. The resulting solution was
sonicated for 15 minutes and filtered through Whatman filter paper No. 41 to obtain the
concentration of 1400 pg/ ml. Five ml of the above solution was transferred into 50 ml volumetric
flask, dissolved and made up the volume with 1 % SLS to get a final concentration of 140 pg/ ml.

2.7 Dissolution study

Dissolution test for BOS formulation was performed in the dissolution system (n = 6), dissolution
apparatus No II (paddle). The media used was 1 % SLS. The temperature of the bath was
maintained at 37°C and speed of the paddle was set at 50 rpm. The aliquots of sample were
withdrawn up to 60 min in different time intervals, and filtered through 0.45 u PVDF membrane
filtered and injected into HPLC system.

3. Results and Discussion

All of the analytical parameters for the proposed method were determined according to the
International Conference on Harmonization (ICH) guidelines.

3.1 Selection of wavelength
10 pg/ ml of BOS standard solution was scanned between 200-400 nm. The Amax was detected at
266 nm and this wavelength was fixed for analysis.

3.2 Optimization of chromatographic conditions

Mobile phase comprising of different solvent composition were tried to achieve optimum
separation. The mobile phase consisting of Triethylamine buffer pH adjusted to 2.5: Acetonitrile
in the ratio of 80:20, 70:30, 60:40 and 50:50 % v/ v were tried. In the ratio of 80:20 % v/v and
70:20 % v/v the Bosentan peak was not eluted properly. At 60:40 % v/v the peak shape was good
but slight tailing was observed. At 50:50 % v/v Bosentan was eluted with sharp peak and obeyed
system suitability parameters. Finally, triethylamine buffer pH adjusted to 2.5 with
orthophosphoric acid and acetonitrile (50:50 v/v) was selected as an appropriate developing
medium which gave good separation and met acceptable system suitability parameters.

3.3 Linearity

Linearity of the method was confirmed by constructing calibration graph. Seven solutions having
concentrations of 35, 70, 112, 140, 168, 196 and 210 pg/ ml were prepared. Then 20 pl from each
solution was injected using auto sampler and the analyses were monitored at 266 nm. The
procedure was repeated for six times. The method was found to be linear in the concentration
range of 35-210 pg/ ml with the correlation coefficient of 0.9999 which were found to be within
the accepted range of guidelines and represented a good linear relationship of the newly developed
method. The slope and intercept of the calibration curve was found to be 21908.463 and 4229.138,
respectively. The LOD and LOQ were found to be 207.5537 pg/ ml and 628.9505 pg/ml,
respectively. The calibration curve is shown in Figure 2.
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LINEARITY OF BOSENTAN
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Figure 2. Linearity plot of Bosentan
3.4 Precision3
3.4.1 Repeatability
Repeatability of the method was done by using the different analysis of the dissolution sample for

six times. The results are shown in Table 1.

Table 1. Repeatability studies

Sample Mean Peak Area* % Release* | Average % % RSD
No Release
1 2995113 98.3
2 3017075 99.0
3 3023718 99.2
98.93 0.43
4 3016147 99.0
5 3032621 99.5
6 3005952 93.6

Remark: "Mean of six observations
3.4.2 Intermediate precision

Intermediate precision was done by intraday and inter day analysis of dissolution sample was done
for three times in the same day and one time for three consecutive days. This is shown in Table 2.
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Table 2. Intermediate precision

Parameters % Release* SD % RSD
99.69 0.1969 0.19

Intraday 99.74 0.2014 0.20
99.97 0.1739 0.17
99.32 0.1234 0.15

Inter day 99.62 0.1523 0.13
99.53 0.1230 0.15

Remark: "Mean of six observations.
3.4.3 Reproducibility:
Reproducibility of the method was done by using the different analysts and different instruments.

The dissolution sample was analysed with different analysts and the results are shown in Table 3.

Table 3. Reproducibility studies

Sample No Analyst 1 Analyst 2
Peak area % Release Peak area % Release
1 2995113 98.3 3215897 100.1
2 3017075 99.0 3186967 99.2
3 3023718 99.2 3149781 98.0
4 3016147 99.0 3205632 99.8
5 3032621 99.5 3186839 99.2
6 3005952 98.6 3204993 99.7
Mean 98.9 99.3
%RSD 0.43 0.74

Remark: *Mean of six observations

3.5 Detection Limit
The detection limit of an individual analytical procedure is the lowest amount of analyte in a
sample which can be detected but not necessarily quantitated as an exact value.

Based on the Standard Deviation of the Response and the Slope:
The detection limit (DL) was expressed as equation (1):
DL = 330

S
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Where, o = the standard deviation of the response
S = the slope of the calibration curve
The slope S may be estimated from the calibration curve of the analyte.

3.6 Quantitation Limit:
The quantitation limit of an individual analytical procedure is the lowest amount of analyte in a
sample which can be quantitatively determined with suitable precision and accuracy.

Based on the Standard Deviation of the Response and the Slope:
The quantitation limit (QL) was expressed as equation (2):
QL = 100
S
Where, o = the standard deviation of the response
S = the slope of the calibration curve
The slope S may be estimated from the calibration curve of the analyte.

3.7 Accuracy

Accuracy of the method was confirmed by recovery studies. The accuracy was expressed by
calculating the percent recovery of the analyte from dissolution sample and % RSD was
calculated. To evaluate the accuracy of the proposed method, successive analysis of four different
concentrations of 25 %, 50 %, 100 % and 150 % standard BOS were carried out using proposed
method. The recovery studies were performed in triplicate. The percentage recovery and % RSD
were found to be 99.9638 % and 0.0516 %, respectively. This indicates that there was no
interference due to excipients used in formulation. Hence, the proposed method was found to be
accurate (Table 4).

Table 4. Accuracy of the method for the determination of Bosentan

Spiked :(r;:ioel:in: R?cl(l:\(f)eli'lelzti " Peak % Mean (%) SD %
level Area* Recovery | Recovery RSD
(mg) (mg)

25% 30.042 29.993 730938 99.83

25% 30.119 30.119 734019 100.00

25 % 30.139 30.139 734518 100.00

50 % 60.307 60.300 1469540 99.99

50 % 60.220 60.187 1466788 99.95

50 % 60.278 60.237 1467998 99.93

100 % | 120.595 120.590 2938812 100.00

100 % | 120.846 120.843 2944988 100.00 99.96 0.05 0.05
100 % | 120.759 120.661 2940543 99.92

150% | 181.173 181.165 4415051 100.00

150 % | 181.057 181.045 4412127 100.00

150 % | 181.134 181.088 4413178 99.97

Remark: "Mean of six observations.
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3.8 Specificity

For the specificity study, the blank, placebo, standard and sample solution were prepared and
injected for the determination of interference in the retention time of BOS peak. No interference
from blank and placebo was observed at the retention time of the BOS. Therefore, it was
concluded that the method was specific and can assess unequivocally the analyte of the interest in
the presence of possible interference. The chromatograms for the blank, placebo, standard and
sample are shown in Figure 3.
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Figure 3. Chromatogram (a) blank, (b) placebo, (c) standard, (d) sample
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Figure 3. Chromatogram (a) blank, (b) placebo, (c) standard, (d) sample (cont.)

3.9 System suitability test

System suitability test was used to verify the precision/ reproducibility of the system that is
adequate for the analysis to be performed. Parameters such as theoretical plates, tailing factor and
reproducibility (% RSD for peak area of five replicates) were determined and compared against
specifications. Five replicate injections of standard BOS solution were run using HPLC.
Theoretical plate and tailing factor were determined. The theoretical plates were found to be 7829
and tailing factor was found to be 0.97 which were found to be within the limit (Table 5).
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Table 5. System suitability parameters

S. No Parameter Obtained value Acceptable
limit
1 Retention time (min) 4.475 -
2 Theoretical plates 7829 >2000
3 Tailing factor 0.97 <2
4 %RSD 0.3115 <2

3.10 Robustness

Robustness of the method was checked by making slight changes in chromatographic and
dissolution conditions like mobile phase ratio, pH of buffer, flow rate, temperature, medium
volume, medium strength, and rpm. It was observed that there were no marked changes in the
chromatograms, which demonstrated that the developed RP-HPLC method was found to be robust
(Table 6).

Table 6. Robustness

Parameter Retention Peak area* % RSD USP

Time* Tailing
Flow Rate 1.35 ml/ min 5.156 3313367 0.06 0.91
1.65 ml/ min 4.247 2708208 0.08 0.91
Column Temp 35°C 4.770 2978422 0.10 0.92
45°C 4.541 2975434 0.13 0.90
Mobile phase 48:52 4.007 2968468 0.05 0.92
52:48 5.476 2973257 0.15 0.90
Normal Buffer 2.3 4.677 2961037 0.06 0.91
pH 2.7 4.820 2957455 0.04 0.91
Wavelength 264 4.474 2987501 0.44 0.91
268 4.480 3013954 0.43 0.91
Strength of 0.8% SLS 4.476 2994092 0.97 0.91
Medium 1.2% SLS 4.483 3013470 0.69 0.91
Volume of 882 ml 4.473 3050004 1.16 0.91
Medium 918 ml 4.478 2941830 1.49 0.91
RPM 48 4471 3000895 0.56 0.91
52 4.479 3041987 0.38 0.91

Remark: "Mean of six observations

3.11 Filter study

A filter study was performed to determine the suitability of filter used and to determine the
amount of filtrate to be discarded before a sample solution was collected for analysis. The peak
area found in the filtered fractions of sample solution was comparable to the peak area found in
the centrifuged portion of sample solution. There was no significant difference in peak area
between different volumes filtered. Therefore the 0.45 um PVDF and Nylon filter were suitable
for use and the discarding of 4 ml of sample solution as filtrate as stated in the method (Table 7).
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Table 7. Filter Study

Sample Name Peak Area % Difference
Centrifuged (10 min @ 3500rpm) 3002048 NA
0.45u PVDF filtered, 3 ml discarded 3008720 0.2200
0.45u PVDF filtered, 4 ml discarded 3009031 0.2300
0.45u PVDF filtered, 5 ml discarded 3013272 0.3700
0.45u PVDF filtered, 6 ml discarded 3011554 0.3100
0.45pu Nylon filtered, 3 ml discarded 3002468 0.0100
0.45u Nylon filtered, 4 ml discarded 3008625 0.2100
0.45u Nylon filtered, 5 ml discarded 3015016 0.4300
0.45u Nylon filtered, 6 ml discarded 3005939 0.1200

3.12 Dissolution

The method was applied to dissolution study of BOS. The percentage drug release was found to be
99.41 % for Bosentan tablet 125 mg and 99.99 % for Marketed Bosentan Tablet 125 mg. Several
trials were performed by changing the dissolution medium, the 1% SLS dissolution medium

showed successful drug release. The results are shown in Table 8.

Table 8. Determination of percentage release in marketed formulation

Injection Label claim (mg) % Drug Release
Tracleer 125 mg 125 mg 99.99 %

Bosentas 125 mg 99.98%

Lupibos 125 mg 98.64%

3.13 Solution stability

The stability of both standard and sample solutions was studied by observing the peak areas of
both the drugs. The amount calculated at different time intervals was within the acceptable limit.
The results indicate that the solutions were stable up to 48 hours. The stability data is illustrated in

Table 9.

Table 9. Solution stability of sample at room temperature

Time Peak Area* Retention % Release* %
Time Difference

Initial 2995113 4.481 98.3 NA

24 h 2990682 4.483 98.1 0.14

48 h 2983104 4.485 97.9 0.40
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3.14 Comparison of the developed method with the reported methods

Lavudu et al. [16, 18] reported two methods for the estimation of BOS by RP-HPLC but the
retention times were found to be 1.986 mins and 2.449 mins, respectively. When calculating
capacity factor, it was low and the separation was not good. Hence, the developed method had
more advantageous than the reported methods. Karnakar reddy et al. [13] selected the detection
wavelength as 220 nm. But the Amax of BOS was more than 265 nm. Hence, the detection was not
clearly done in the reported method. The developed method was validated accordance with ICH
guidelines and met all the acceptance criteria. The system suitability parameters calculated also in
the accepted range. Hence the developed method can be used for the effective routine quality
control analysis and dissolution study of BOS in bulk, tablet dosage form and in dissolution
medium.

4. Conclusions

A simple, precise, accurate and reproducible RP-HPLC method has been developed and validated
for the quantitative determination of Bosentan in the dissolution sample. A complete dissolution of
BOS could be achieved after 45 min using apparatus II (paddle) at 50 rpm in 900 ml of dissolution
medium (1 % Sodium lauryl sulphate). Based on the above studies, it was concluded that the
developed RP-HPLC method was specific, accurate, precise, rugged, robust and linear over the
concentration range. The report obtained in the validation parameter met the respective acceptance
criteria. The results were statistically validated. Hence, the developed method can be used for
routine quality control analysis and dissolution study of Bosentan in bulk and in pharmaceutical
dosage form.
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Abstract

Cellulose/TiO, composite film was prepared for UV shielding applications. Cellulose was extracted
from sugarcane bagasse by ball milling process. The cellulose/ TiO, composite film with different
concentrations of cellulose showed a synergic feature of optical transparency and UV-blocking. The
crystalline structure of cellulose was characterized by X-ray diffraction (XRD). The treated cellulose
has higher crystallinity than the untreated cellulose. Fourier transform infrared spectroscopy (FT-
IR) analysis shows the evidence of chemical treatment hemicellulose and lignin removal from
sugarcane bagasse. The optical properties were measured by UV-Vis spectrometer, the results of
TiO, and cellulose solution correspond to UV- A and UV- C absorbance regions with high
transparent of cellulose composite films. The revealed results are essential for UV protecting
materials application.

Keywords: nanocellulose composite, TiO,, UV-shielding, ball milling

1. Introduction

Cellulose is the most abundant resource material on earth. Cellulose is natural, renewable and
biodegradable polymers [ 1, 2]. It is a linear homo-polysaccharide composed of (1 — 4) linked D-
glucose units. Cellulose can be found in wood, cotton, rice straws, and sugarcane bagasse [2-5].
Sugarcane bagasse is a residue from sugar and alcohol industries. Many industries have used
sugarcane bagasse as a raw material for electronic sensor, paper production, fermented products,
and packaging [ 3]. In general, sugarcane bagasse contains 40- 50% cellulose, 25-35% of
hemicellulose and 18-24% of lignin [3, 5]. Various methods, such as acid hydrolysis, ionic liquid
treatment, enzymatic hydrolysis and mechanical treatment, can be used to obtain cellulose. As a
mechanical treatment, ball milling is a top-down technique from micro to nano-scale materials. Ball
milling is widely used for the preparation of nanoparticles because of its simple operation, use of
relatively inexpensive equipment, and its broad applicability to most types of biomass [6-7].

*Corresponding author: E-mail: kanokthip.bo@kmitl.ac.th
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Hybrid inorganic/ organic materials constitute a new class of functional nano- composites
that exhibit high optical, thermal, and mechanical properties due to synergistic effects [8-9]. Natural
cellulose is a linear polymer of f-(1—4)-D-glucopyranose with abundant surface hydroxyl groups
forming plentiful inter- and intra- molecular hydrogen bonds. These hydroxyl groups provide
suitable substrate for metal oxide incorporation onto the cellulose surface. Moreover, the extensive
hydrogen bond network builds up a defined hierarchical order of supra- molecular organization for
providing a chamber with the formation of inorganic nano- materials. Incorporation of TiO2 to
polymer casting solution could greatly affect the morphologies and properties of the resulting
composite. Consequently, a wide range of applications can be obtained such as antimicrobial, anti-
fungal, UV protective or self-cleaning properties. TiOzis a promising metal oxide that is extensively
utilized in many industrial processes due to its stability, biocompatibility, non-toxicity and low cost
[5-8].

In this work, cellulose was extracted from sugarcane bagasse by ball milling with mild acid
hydrolysis and cellulose/ TiO» composite films were prepared for an ultraviolet protecting material
candidate.

2. Materials and Methods

2.1 Materials

Sugarcane bagasse was collected from plantations located at Sing Buri province, Thailand and used
as a starting source of cellulose. Other reagents used were sulfuric acid, sodium hydroxide and
hydrogen peroxide.

2.2 Methods

2.2.1 Isolation of cellulose

For extraction of cellulose, sugarcane bagasse was dried in sunlight and then cut into small pieces.
The cut bagasse was milled into a powder. The bagasse powder (100 g) was dewaxed using 5%
(v/v) sulfuric acid solution (2000 mL) for 2 h with constant stirring at 60 °C. The water- soluble
components were removed with 50% (v/v) ethanol solution. The dewaxing process was repeated for
4 times. The residue was consequently washed with distilled water until the pH of the washed water
became neutral. This step was conducted to remove lignin. In order to remove hemicellulose, the
residual was bleached using 24% hydroogen peroxide and 4% sodium hydroxide solution with
mechanical stirring at 60 °C for 2 h, filtered, and washed with distilled water to neutrality. After
that, the slurry of 1% (wt/wt) purified cellulose in water was processed by grinding with ball milling
process with the two different diameters size of zirconia balls (2 and 5 mm), in which the ball to
material weight ratio was 3: 1. The milling was performed for 24 h at 275 rpm with distilled water.
The product was filtered and washed with distilled water until the pH of the washing water became
neutral

2.2.2 Preparation of cellulose and cellulose/TiO: composite films

For preparing cellulose and cellulose/ TiO, composite films, poly vinyl alcohol (PVA) was used for
solution preparation. The 5% (wt/wt) PVA solution was prepared by dissolving in distilled water.
Cellulose (0.05, 0.5, and 1% (wt/wt)) was added to the PVA solution. The stirring was performed at
80 °C for 2 h. After that, the mixed precursor was dispersed by sonication for about 5 min. For the
preparation of cellulose/ TiO, composite films, the 0.01% (wt/wt) TiO, solution was prepared by
dispersed it in distilled water then added to the 5% (wt/wt) PVA solution using mechanical stirrer for
1 h. After that cellulose of 0.05, 0.5, and 1% (wt/wt) was added to the PVA/TiO, solution then stirring
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at 80 °C for 2 h and the resulting mixture was dispersed by sonication for 5 min. The final suspension
was casted in PET plates and dried at 55 °C for 4 h to remove water before characterization.

2.3 Characterization

The chemical constituents of sugarcane bagasse and cellulose composite were investigated by FTIR
spectroscopy (Thermo Scientific Nicolet 6700). The FTIR spectra were recorded in the region
between 4000 and 400 cm™!. The crystalline structure and phase identification of the cellulose
composites were investigated by X-ray diffraction (Rigaku, Smartlab). The optical transmittance of
the prepared films was measured from 200 to 700 nm using UV-Vis spectrometer (PG, T90+).

3. Results and Discussion

3.1 FTIR spectroscopic analysis

FTIR spectra of sugarcane bagasse and extracted cellulose are shown in Figure 1. Accordingly, all
samples have three main absorbance regions (Figure 1(a)) in the ranges of 800-1200 cm™!, 1200-
1800 cm™ and 2500-3900 cm™! which are assigned to different vibrations mode of various functional
groups as observed in Figure 1(b)-(d). The peak at 832 cm’! indicates the bending vibration of the
arene C-H bond in lignin. The peak was not found after the bleaching and extracted cellulose by
ball-milling in sample (3) and (4). The peak at 897 cm™! in sample (3) and (4) is associated with -
glycosidic linkages between glucose units in cellulose/hemicellulose [10]. This characteristic peak
was not found in lignin structure (sample (1) and (2)) indicating that the bleached and extracted
samples contain greater amount of cellulose and hemicellulose. The strong peaks observed in the
spectra of all samples between the ranges of 1034, 1051 and 1160 cm! are related to the C-O
stretching of cellulose, in plane aromatic C- H deformation vibration of lignin, and C- O
antisymmetric stretching vibration of glucosidic ring in cellulose/ hemicellulose and pyranose ring
C-0O-C asymmetric stretching of cellulose/hemicellulose, respectively [12]. The peak at 1105 cm!
can be assigned to the C-O-C glucosidic ring vibration in cellulose. The absorption peaks at 1200
cm! is O-H deformation vibration mode of cellulose, while the 1240 cm™! peak is aryl C-O out of
plane stretching vibration in lignin. After bleaching process, the lignin peaks are not found in
samples (3) and (4), revealing the complete removal of lignin. The absorption peaks at 1320 cm™!
which are present in all samples are assigned to CH, wagging. The peak at 1365 cm™ and 1450 cm
! correspond to the bending vibrational mode of C-H and C-O bonds in polysaccharide aromatic
rings and the C-H asymmetric deformations, respectively [10 - 12]. The peak at 1513 cm™ is derived
from vibration mode of C=C aromatic ring skeletal in lignin. After bleaching process and extraction
in sample (3) and (4), this characteristic peak of lignin vanished. The peak at around 1600 cm™! in
raw bagasse and dewaxed sample is due to C=0 stretching vibration. This peak also disappears in
extracted and blenched samples. The wide absorbance peak at around 1634 cm™! in the extracted
and blenched samples is associated with absorbed water in cellulose. Moreover, the peak positioned
at 1728 c¢cm ! is correlated to C= O stretching vibration of carboxylic group of lignin and
hemicellulose [ 10-12]. The cellulose samples after bleaching process do not have the peak at 1728
cm’!, indicating that lignin and hemicellulose are totally removed from sugarcane bagasse [13-15].
The absorption peak at around 2900 cm™! is due to the C-H stretching vibration. The broad peak at
around 3340 cm’! is attributed to the O-H stretching vibration of the OH groups.

From the FTIR analysis, it is shown that sample (1) and (2) contain lignin and
hemicellulose. After bleaching process with hydrogen peroxide solution and extraction of cellulose
by ball-milling, the characteristic peak of hemicellulose and lignin vanished. The cellulose was
purified by chemical and mechanical treatments to remove of lignin and hemicellulose during
cellulose isolation process.
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Figure 1. (a) FTIR spectra of lignocellulose, (b) FTIR spectra in the region between (800-1200 cm™),
(c) between (1200-1800 cm™") and between (2500-3900 cm™).

3.2 X-ray diffraction

X-ray diffraction was used to analyze the cellulose structure and crystalline. There are several
polymorphs of cellulose (I, II, III and IV). Typically, cellulose in natural such as trees, plants,
tunicates, algae, and bacteria is cellulose I polymorph with monoclinic and triclinic structures. The
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XRD pattern of cellulose I contains the main diffraction peaks at 28 are around 16.5°, 22.5° and
34.5° which correspond to the (110) (200) and (004) lattice planes [ 16]. The XRD results were
shown in Figure 2 in which sample (a) is untreated cellulose and sample (b) is treated cellulose by
ball-milling 24 h. There are two main peaks at 16.5°, 22.5" in the XRD pattern of untreated cellulose
with broadening base peak due to the amorphous nature. After the cellulose was treated by bleaching
and ball-milling process, the flat base line in (110) and (200) peaks with the small peak at 26 =
34.5° are observed. From the XRD results, it can be summarized that the bleaching and ball-milling
processes increased the crystallinity of cellulose because the hydrolysis in bleaching process
removed the amorphous lignin and hemicellulose [11, 17].

(200)

(110)

\/ (004)

(b) cellulose ball-milling 24h

Intensity(cps)

T T T T T T T T T T T T T T T T T T T T T
5 10 15 20 25 30 35 40 45 50 S5 60 65 70
2-Theta(deg)

Figure 2. XRD patterns of (a) sugarcane bagasse, (b) cellulose ball-milling 24 h

3.3 Transmittance

The UV absorbance spectra of TiO; and cellulose solution were measured from 200 to 700 nm. The
absorbance of TiO; and cellulose solution shown in Figure 3 exhibits its UV-blocking ability. The
strong absorbance peak at around 200 nm and 350 nm of cellulose and TiO, solution correspond to
UV-C and UV- A regions, respectively. UV- Vis spectra in transmission mode was recorded for
PVA/ cellulose without TiO, and PVA/ cellulose with TiO, composite films with different
concentrations of cellulose (0.05, 0.5 and 1 wt %). The results of transmittance were shown in
Figure 4. Bare PVA/cellulose without TiO» and PVA/cellulose with TiO, composite films have
rather high transparency in visible region implying that these films are able to transmit visible light
while shielding UV radiation. As the same time, when increasing the concentration of cellulose
composite films, the UV transmittance decreased (Figure 4) . Meanwhile, as the film was
incorporated with TiO,-P25 nanoparticles, their transparencies in UV region ranging from 250-350
nm drastically decreased but their values in visible region insignificantly decreased. The feature can
be related to the typically strong UV absorbance character of cellulose and TiO».

115



Current Applied Science and Technology Vol. 18 No. 2 May-August 2018
DOI: 10.14456/cast.2018.6

—Ti0, (P25
T 10, (125)

cellulose ball-milling 24h

0.8 4

5 0.6

0.4

Absorbance (a.u.)

0.2 4

0.0 4

*

T " T g T T > T ’
200 300 400 500 600 700
Wavelength (nm)

Figure 3. The UV absorbance spectra of TiO and cellulose solution.
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Figure 4. UV-Vis spectra of PVA/cellulose films (a) and PV A/cellulose composite films (b)

4. Conclusions

In this study, cellulose was successfully isolated from sugarcane bagasse by ball-milling process
and acid leaching. The FTIR spectra analysis shows that the chemical treatment could remove most
of hemicellulose and lignin from the sugarcane bagasse as shown by the disappearance of
characteristic peaks of hemicellulose and lignin. The XRD pattern revealed that the treated cellulose
by bleaching and ball- milling process has a higher crystallinity than the untreated cellulose. The
absorbance regions of of TiO, and cellulose solution correspond to UV-A and UV- C while the
optical transparency of cellulose composite films are high transmittance.Thus the composite films
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have the optical properties of UV protecting with high transparency. Under these conditions, the
obtained results show that the cellulose composite films could be applied for the realization of
transparent, low-cost, lightweight, and flexible substrates in UV-blocking fields.
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Abstract

By definition, a dilute magnetic semiconductor is a I[I-IV or III-V semiconductor in which some of
the nonmagnetic ions are replaced by magnetic ions. Defects due to Zn vacancies in ZnO nano
particles (NP’s) can induce virtual magnetic moments in this semiconduct or making it a room
temperature ferro magnet. The systematic changes in the magnetic behaviors of ZnO NP’s doped
with non magnetic Al, Ag, Mg and Sb ions are observed. The changes are usually explained in terms
of the increased stability of the zinc vacancies when the vacancies are a part of new impurity
complexes formed when the impurity ions substitute for the zinc ions. In most cases, this explains
the increases in the saturation magnetizations as more nonmagnetic impurities are substituted into
the ZnO NP’s.

Keywords: ZnO nanoparticles, Zn vacancies, Virtual magnetic moments, Hysteresis Loops, DFT
calculations.

1. Introduction

Dilute magnetic semiconductors [1] or DMS’s are semiconductors in which some of the
nonmagnetic ions are replaced by magnetic ions. At the present time, the main examples are (Ga,
M)As, (Ga, Mn)P and (Ga, Mn)N [2]. To be useful, the semiconductors must undergo a
ferromagnetic transition above room temperature. The Curie temperature T, of (Ga, Mn) As is Tc ~
170 K while (Ga, Mn) P and (Ga, Mn) N have T¢’s of approximately 400 K and 940 K, respectively
[3]. To help in the search for new DMS, Coey et al. [4] have calculated the T¢ of possible new DMS
created by the doping of the II-IV semiconductors with different magnetic TM impurities. The
magnetic properties of the TM ions are due to the presence of unpaired electrons in the magnetic
transition metal ions. The electron orbiting in one direction will create a magnetic moment in one
direction, while the electron orbiting in the other direction will create a magnetic moment in the
opposite direction. If the electrons are paired, the two magnetic moments will cancel out.

*Corresponding author: E-mail: fscimt@ku.ac.th
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For T > T¢ a spontaneous magnetic field will arise in the DMS. This field will cause the
electric current, which consists of both spin up and spin down electrons, to split into two currents,
one consisting of a current of one spin and the other of the opposite spin. In other words, the
magnetic field lowers the energies of the spin down electrons, and increased the energies of the spin
up electrons; resulting in a current of spin down electrons and another of spin up electrons. The
level of the energy gap of the semiconductor can be raised or lowered by adjusting a bias field. This
could result in the filtering of one of the components of the current, allowing only currents of one
spin direction to pass through. This phenomenon is needed in spintronics devices [5] where
information is not only contained in the charges stored but also in the spins of the electrons stored.

The world of magnetism was turned upside down when Venkatesan et al. [6] observed
magnetism in the dielectric oxide HfO, nanoparticles (NP’s). Neither the Hf* nor the O% ions have
unpaired electrons and according to Hund’s rule, they should not have magnetic moments.
Sundarssan et al., [7] have stated that ferromagnetism is a universal feature of NP’s of otherwise
nonmagnetic oxides such as CeO,, Al,O3, ZnO, TiO; and In,Os. All of these oxides are also the II-
VI semiconductors. Anisotropic ferromagnetism has been observed in one of these oxide NP’s, ZnO
when doped with 5 atomic % Sc, Ti, V, Fe, Co or Ni by Venkatesan et al. [8]. Anghei et al. [9] have
observed ferromagnetism in ZnO NP’s doped with Cr and Mn. These reported behaviors of ZnO
NP’s doped with magnetic TM impurities makes them dilute magnetic semiconductors (DMS).

Our interests in this paper are the doping of ZnO NP’s with nonmagnetic TM ions and
other ions which do not possess unpaired electrons. We are interested in the ions Sb, Ag, Al and
Mg. We begin by noting that ZnO NP’s would be expected to be nonmagnetic since neither Zn>*
ions and O ions (like the Hf*" ions and O* ions in HfO, NP’s) have unpaired electrons, but
ferromagnetism has been observed in ZnO NP’s. Hong et al., [10] have observed ferromagnetism
in the undoped semiconducting oxide TiO,, HfO»and In,O3nano films. Since the bulk form of these
three oxides are diamagnetic, they proposed that the room temperature ferromagnetism observed are
due to either defects caused by oxygen vacancies or zinc vacancies when the thin films were formed.
Rainey et al. [11] proposed that these defects were also responsible for the room temperature
ferromagnetism in ZnO. There was a large effort to determine which defect was responsible for the
RTM. This was done experimentally by looking for correlations between the presence of RTM and
whether there was oxygen or zinc defects present. Many of the early studies came to the conclusion
that the oxygen vacancies were connected to the appearance of RTM [12, 13].

Using first principle density functional theory (DFT), Wang et al. [14] found that the
introduction of vacancies at the Zn sites in the wurtzite structure of the ZnO crystal into the DFT
calculations produced virtual energy levels located around the vacancy sites into which the 2p orbital
electrons of the neighboring oxygen ions could occupy. The spin polarized configurations of these
electrons had a lower energy than the nonspin polarized configuration. This meant that the formation
of a virtual magnetic moment was favored. Peng et al. [15] developed the d° model of magnetism
in the DMS. Working against the formation of the virtual magnetic moment was the extreme
instability of the zinc vacancy itself. DFT calculations have shown that the life time of Vz,
(designation of a zinc vacancy) can be stabilized by having the zinc vacancy be part of the impurity
complex formed when impurities are doped into the ZnO NR’s.

Wang et al. [14] studied the effects of doping LI, Mg or Al into ZnO NP’s. Their DFT
calculations found the magnetic moments on the zinc vacancies were 1.91, 1.5 or 0.92 pug when the
zinc vacancies were part of the impurity complexes Vz, + Lizn, Vza + Mgz, or Vzy, + Algy,
respectively (Xz, denoting a X ion replacing the Zinc ion at one of its sites). Lu et al. [16] studied
the effects of substituting a group V element (N, Sb, As and P) into the ZnO NP’s. They believed
that the stability of the ferromagnetic phase arises from the p-p and the p-d and Zn-2d orbital and it
would decrease with the increase in the dopant atomic number due to the lower electronegativity of
the dopant ions. Thus the FM stability induced by the formation of the Xz, + nVzn complex decrease
in the order N <Sb< As < P because of the delocalization of the O-2p orbital of the dopant ions. ‘n’
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is the number which insure the charge neutrality of the substitution. Limpijumnong et al. [17] found
that the formation energy of the Asz,+ 2Vzscomplex (1.59 eV) is lower than that of the Sbz, +2Vz,
complex (2.00 eV). Tian et al. [18] obtained direct experimental evidences for the importance of the
Sbzs + 2Vz, complex to the properties of the Sb-doped ZnO NP’s.

Thus the physics behind the increase in the magnetizations of the doped ZnO NP’s with
magnetic or nonmagnetic impurities are different. The changes in the magnetic properties of ZnO
NP’s when doped with magnetic ions are due to the increases in the number of magnetic ions while
the changes due to the doping with nonmagnetic ions are due to the increases in the stability of the
zinc vacancies when they are part of a impurity complex. To gain more insights into this facet, we
have looked at the changes in the magnetic properties of ZnO NP’s when the number of nonmagnetic
ions replacing the Zn ions in the NP’s are systematically changed. As pointed out by Ventekasen et
al. [6] and by Peng et al. [15] the observation of ferromagnetism in a series of materials which do
not contain ions with partially filled d or f bands is a challenge to the theory of magnetism. Peng et
al., further asked “whether the observed magnetismis an intrinsic property of the host material or
an extrinsic property depending sensitively on the type of dopant used to induce the magnetization.”
We have performed some magnetization studies to help gain more insights into these new types of
DMS.

2. Materials and Methods

The various doped ZnO nanorods (NR’s) were fabricated using the standard hydrothermal method.
To fabricate the Sb dopedNC'’s, stoichiometric amounts of (Zn (NO3),:6H»0) and SbCl; were weight
out to yield Zn;«SbyO NP’s (x = 0.05 0.15, 0.25 and 0.30) and mixed together in an aqueous
solution. The pH was adjusted to 10 by the addition of NaOH. Each solution was then placed
separately into a Teflon-lined auto cave and heated to 150° C for 20 hrs. To fabricate the Ag doped
NR’s, stoichiometric amounts of (Zn(NOs),'6H>0) and Ag(NOs), were weight out to yield Zn;.
AgyO NP’s (x = 0.03, 0.04 and 0.05) and the same procedure was repeated except that the
temperature of the auto cave was set at 180° C. For the Al doped NR’s, stoichiometric amounts of
(Zn(NO3),'6H,0) and Al(NO3), were weight out to yield Zn;<AlkO NP’s (x = 0.01, 0.02 —0.01)
and the last process was repeated. For the Mg doped NC’s, stoichiometric amounts of (Zn
(NO3),:6H,0) and Mg (NOs), were weight out to yield Zn,.\MgbO NP’s (x =0.01, 0.02, 0.03, 0.04
and 0.05) and the previous process was repeated. When the concentration of Zn?* and (OH)" ions in
the each of the solution placed in the auto cave reached the critical super saturation value of ZnO,
ZnO nanoparticles began to form. During the rest of the time in the auto cave, the remaining Zn*",
(OH) and the various impurity ions would be deposited on the (001) face of wurtzite structure of the
initial ZnO nanocrystals resulting in the formation of nanorod shaving a hexagonal structure.

3. Results and Discussion

The magnetizations of the various nonmagnetic doped ZnO NR’s were measured at room
temperature using either a vibrating sample magnetometer or a SQUID magnetometer located in the
Department of Material Science, Faculty of Engineering, National University of Singapore. From
the hysteresis loops of Zn;xSbcO (x = 0.0, 0.05, 0.15, 0.25 and 0.30) we extracted the values of the
saturation magnetizations. This was done by subtracting the diamagnetic contribution to the
magnetization. The results taken from Nakarungsee et al. [19] are plotted in Figure 1. In Figure 2,
we have plotted the values of the saturation magnetization of Znl-xAgxO (x=0.0,0.1,0.2,0.3, 0.4
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and 0.5) taken from Robkhob et al. [20]. The dependences of the saturation magnetizations of the
two are quite different. For the Sb doped ZnO NR’s, the saturation magnetization decreases as more
nonmagnetic Sb ions are substituted in, while the saturation magnetization increases as more
nonmagnetic Ag ions are substituted in. This latter behavior is keeping with the assumption that the
magnetizationis due to the increased stability of the Zn vacancies when it becomes part of an
impurity complex Agz, + 2Vz,.
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Figure 1. Dependence of the saturation magnetization of Zn;_«SbxO NR’s on the level of Sb doping.
The replacement of the Zn ions by the non-magnetic Sb ions leads to increase in Ms. The increase
is not a systematic one, i.e., the increase in Ms is not a systematic one.
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Figure 2. Dependence of the saturation magnetization of Zn; xAgxO NR’s on the level of Ag doping.
The increase in the Mg is explained as being the result of the increase stability of the Zn vacancies
when they are part of an impurity complex made up of Zn vacancy defect the defect arising from
the replacement of Zn ion by an Ag ion.
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To clarify this, we measured the saturation magnetization of Al doped ZnO NR’s,
ZnixAlO (x = 0.0 — 0.1 in steps of 0.01) and plotted the results [21] in Figure 3. Ignoring the
saturation value of ZngosAloosO NR’s, the saturation magnetizations of Zn;.xAlO NR’s tend to
increase as more Al isdoped in until concentration of the Al ions reaches x = 0.07. This behavior is
consistent with the explanation used to explain the behavior of the saturation magnetization of Zn;.
xAgx0 Zn;«Agy0, the substitution of the nonmagnetic ions stabilized the Zn vacancies. To gain more
insight in these new types of DMS, we have fabricated Mg doped Zn;.xMg,O (x =0.02. 0.046, 0.054
and 0.07). The hysteresis loops of the Zn; \MgxO were taken with a VSM at room temperature. From
these loops, we obtained the saturation magnetization of each of the Mg doped ZnO NR’s. The
saturation magnetization are plotted on Figure 4. As is seen, as x increases from 0.046 to 0.07, the
saturation magnetizations increase in line with the behaviors seen in Figures 2 and 3. The behavior
of Mg for the Sb doping and the magnetization values which do not follow the general increase in
the magnetization of the other (Al, Ag and Mg) doped ZnO NR’s, may reflect the point raised by
Peng et al. [15] that the observed properties may be an extrinsic property which depends on the type
of dopant used to induce magnetization and whose nature is not understood.

12

Saturation Magnetization (x10* kOe)

mol% of Al

Figure 3. Dependence of the saturation magnetization of Zn;xAlyO NR’s on the level of Al doping.
Since the dependences of Ms on the level of substitution of one nonmagnetic ion (Zn) by another
nonmagnetic Ag ions are quite defferent, the change in Ms due to the replacement of a Zn ion by a
third nonmagnetic ions (Al) was done to see which behavior is the typical behavior and which is
atypical. Except for the x =0.05 NP, the saturation magnetization is seen to increase as X is increased
from x=0.01 to 0.07, meaning that the behavior due to Ag doping is the typical one, i.e., the increase
in Ms in the increase stability of the Zn vacancies when other nonmagnetic ions are substituted for
the Zn ions.
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Figure 4. Dependence of the saturation magnetization of Zn;«MgiO NR’s on the level of Mg
doping. If the increase in the Ms as additional nonmagnetic ions replaces the nonmagnetic Zn ions
is a general feature of the new class of dilute magnetic semiconductors, the same behavior would be
ex-pected if another nonmagnetic ion is used. The Mg ions are another nonmagnetic ions. As we
see, the saturation magnetization increases as more Mg ions replace the Zn ions.

4. Conclusions

According to the definition of Dilute Magnetic Semiconductors (DMS), the doped ZnO NR’s which
we are studying are not dilute magnetic semiconductors since the impurities being substituted for
the nonmagnetic Zn ions are not magnetic ions. They are nonmagnetic ions, so that the systems we
are studying do not fit the definition of DMS. Complicating matters the magnetism observed in ZnO
NP’s are due to defects, missing Zn ions, i.e., vacancies. The magnetic moments are virtual moments
which arise when virtual energy levels of the virtual electronic statesformed about the missing Zn
ions are occurred by a pair of electrons from the neighboring oxygen ions in the wurtzite structure
ZnO NP’s. This virtual magnetic moment are magnetic since theoreticalbcalculations show that the
spin polarized configuration of the electrons in the virtual atom have a lower energy than that of the
non spin polarized configuration. This makes them real leading to real consequences so virtual
reality becomes real. Thus, our virtual DMS become real DMS and should be further studied to see
if they have real applications.
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