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General Information

The Suan Sunandha Science and Technology Journal (SSSTJ) is a double-blind peer reviewed scientific
journal published twice a year (January and July) by the Faculty of Science and Technology, Suan
Sunandha Rajabhat University. Submissions of manuscripts should be sent to the Editor of the SSSTJ by
online system: http://www.ssstj.sci.ssru.ac.th. The manuscript will be taken that all contributing authors
attest that manuscripts and material submitted to the SSSTJ are original and have not been published or
submitted elsewhere and the authors concede to the open-access distribution of the manuscript, including
all content contained therein.

Aim and scope:

Suan Sunandha Science and Technology Journal (SSSTJ) is an international academic journal that gains
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researches. Published papers are focus on state of the art science and technology. Committee of the
journal and association will review submitted papers. The authors may include researchers, managers,
operators, students, teachers and developers.
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SSSTJ Authors Guide

Types of paper:

Full length articles are typically 4 - 10 manuscript pages (including tables, figures, equations and
formulas). The articles may cover a variety of topics which are related to science or technology. Articles
must use previously published works to support the discussion of a particular subject or topic.

Plagiarism:

Submission of an manuscript implies that the work described has not been published previously (except in
the form of an abstract or as part of a published lecture or academic thesis), that it is not under
consideration for publication elsewhere, that its publication is approved by all authors and tacitly or
explicitly by the responsible authorities where the work was carried out, and that, if accepted, it will not
be published elsewhere in the same form, in English or in any other language, without the written consent
of the copyright-holder.

Acrticles and any other material published in the SSSTJ the opinions of the author(s) and should not be
construed to reflect the opinions of the editor(s) or the publisher. Manuscripts that do not meet the general
criteria or standards for publication in the SSSTJ will be immediately returned to the authors, without
detailed review. At their discretion, editors may request from the corresponding author a statement
describing specific original contributions made by each co-author.

Manuscript submission:

For submission of all manuscripts, follow the instructions of the online submission system. Hard copy
submissions cannot be accepted. Before submission, prepare and keep ready all information on the
manuscript (title, full name and affiliation of all authors, corresponding author email, abstract, name of all
files to be submitted). The author submitting the manuscript will be corresponding author. Manuscripts are
accepted only in American English. All submitted articles should report original, previously unpublished
research results, experimental or theoretical, and will be peer-reviewed.
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Role of the funding agency:

You are requested to identify who provided financial support for conducting the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in the
collection, analysis and interpretation of data; in the writing of the report; and in the decision to submit
the article for publication. If the funding source(s) had no such involvement then this should be stated.

Journal access:

Open access:

» Articles are freely available to both subscribers and the wider public

* Articles are made available to subscribers at http://www.ssstj.sci.ssru.ac.th

Regardless of how you choose to publish your article, the journal will apply the same peer review criteria
and acceptance standards.

Peer review:

All published journal papers are refereed by the international competent researchers and scientists.
Therefore, a full double - blind international refereeing process is used in which 1) Papers are sent to
reviewers for their peer review process. 2) The reviewers' recommendations determine whether a paper
will be accepted / accepted subject to change / subject to resubmission with significant changes / rejected.
For papers which require changes, the same reviewers will be used to ensure that the quality of the
revised paper is acceptable. All papers are refereed, and the Editor-in-Chief reserves the right to refuse
any typescript, whether on invitation or otherwise, and to make suggestions and/or modifications before
publication.

Additional information:

Manuscripts must be submitted by the senior author, who must accept responsibility on behalf of all
authors for all ethical requirements. The author submitting the manuscript will be listed as the
corresponding author in the published version of each accepted manuscript. There are no submission fees
or page charges.

Revised manuscripts should be returned including revision notes. The revision notes should address the
issues raised in the referee report and clearly state per page (indicate paragraph and line) which changes
have been made. Additional materials may be requested at the discretion of the editor. Authors requested
to revise their submission to SSSTJ will be given 4 weeks in which to submit the revised submission.
Revised submissions received after 4 weeks from the time at which the revision was requested will be
considered as new submissions.

References:

There are no strict requirements on reference formatting at submission. But the authors are expected to
follow the American Psychological Association (APA 6" edition) style. Where applicable, author(s)
name(s), journal title/book title, chapter title/article title, year of publication, volume number/book
chapter and the pagination must be present. Use of DOI is highly encouraged.

Avrticle structure:

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered 1.1, 1.2,
etc. (the abstract is not included in section numbering). Use this numbering also for internal cross-
referencing: do not just refer to 'the text'. Any subsection may be given a brief heading. Each heading
should appear on its own separate line.
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Avrticle formatting:

Full-length articles published in the SSSTJ should include a title, the author’s name, the author’s address,
corresponding author email, Abstract, Introduction, Materials and Methods, Results and Discussion,
Acknowledgements, References.

e Font: Times New Roman (headings 11pt and normal text 10pt)

e Title: Concise and informative. This should briefly summarize the scope of the article. Avoid
abbreviations and formulas where possible. The title should be centered at the top of the page.
e.g., Notes on the Biology of Varanus semiremix

e Authors name and affiliation: The full names referenced by numerical superscripts with
affiliation and addresses of all authors, and the full address of the corresponding author. The
name of the corresponding author along with phone, fax and E-mail information. e.g.

Author’'s Name
Author’s affiliation
Author’s address
Corresponding author email

e Corresponding author: Clearly indicate who will handle correspondence at all stages of
refereeing and publication, also post-publication. Ensure that the e-mail address is given and that
contact details are kept up to date by the corresponding author.

e Abstract: The abstract should contain brief information on purpose, methods, results and
conclusion (without subheadings). It indicates significant data, and point out major findings and
conclusions. Provide 200 — 250 words in length.

o Keywords: 3 — 6 keywords should be listed.

e Introduction: The introduction should provide sufficient background knowledge and information
to allow the reader to understand and evaluate the value of the study. It must also supply a
rationale for the study. Cite references to provide the most salient background rather than an
exhaustive review of the topic.

e Materials and Methods: Specific details about materials, instrumentation and experimental
protocols should be given here. This section should contain sufficient details so that others are
able to reproduce the experiment(s). The source of special equipment or chemicals should also be
given with the name and location of manufacturers, e.g. (Merck, Germany) or (Sigma, USA).
Techniques previously published or standardized can be simplified by literature citations. The
statistical procedures used should be explained. Primary headings for this section are in bold,
indented, with numbering. The text is run from a new line under the heading with an indentation.

e Results and Discussions: The results should be presented with clarity and precision. The
discussions should provide an interpretation of the data and relate them to existing knowledge.
Emphasis should be given to important new findings and new hypotheses should be described
clearly. This section may be subdivided and headed as in the Materials and Methods section. At
the end of this section, the authors should state the conclusion in a few sentences.

e Conclusion: The main conclusions of the study may be presented in a short Conclusions section,
which may stand alone or form a subsection of a Results and Discussions section.

o Acknowledgment: The acknowledgments should be stated in separate section at the end of the
article before the references.

e References: Please make sure that every reference cited in the text is also present in the reference
list and vice versa.

e Appendices (optional): If there is more than one appendix, they should be identified as A, B, etc.
Formulae and equations in appendices should be given separate numbering: Eq. (A.1), Eq. (A.2),
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etc.; in a subsequent appendix, Eq. (B.1) and so on. Similarly for tables and figures: Table A.1;
Figure. A.1, etc.

- Table and Figures:
Table: Please submit tables as editable text and not as image. Tables must be embedded in to
text. Headings should be in bold letters, and aligned in the text left. Vertical lines are not used. A
table should not exceed one page when printed. Use lower case letters in superscripts a, b, ¢ ... for
special remarks.
Figure legends: It should be typed in numerical order. Begin each legend with a title and include
sufficient description so that the figure is understandable without reading the text of the
manuscript.
Figures: Each figure must be embedded in to text. It should be prepared using applications
capable of generating high resolution TIFF, JPEG, PNG.
* Color or grayscale photographs: minimum of 300 dpi
* Bitmapped line drawings: minimum of 1000 dpi
» Combination bitmapped line (color or grayscale photographs: minimum of 500 dpi)
+ Headings should be in bold letters, and aligned in the text Centre
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« Affiliation

* Full postal address

« Corresponding author email
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» Manuscript has been 'spell-checked' (Spellchecker tool of MS word) and ‘grammar-checked'

« All references mentioned in the reference list are cited in the text, and vice versa

Additional Information: For additional information regarding format, content, submissions, or authoring
guidelines, please contact the editor (Email: ssstj.contact@gmail.com).

Proofs:
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Confidence Interval for the Ratio of Bivariate Normal Means

with a Known Coefficient of VVariation
Wararit Panichkitkosolkul*

Department of Mathematics and Statistics, Faculty of Science and Technology,
Thammasat University, Pathumthani 12121, Thailand.
Corresponding author email:*wararit@mathstat.sci.tu.ac.th

Abstract: An approximate confidence interval for the ratio of bivariate normal means with a known coefficient
of variation is proposed in this paper. This application has the area of bioassay and bioequivalence when a
scientist knows the coefficient of variation of a control group. The proposed confidence interval is based on the
approximated expectation and variance of the estimator by the Taylor series expansion. A Monte Carlo
simulation study was conducted to compare the performance of the proposed confidence interval with the
existing confidence interval. The results showed that the simulation is considered confidence interval and the
estimated coverage probabilities close to the nominal confidence level for large sample sizes. The estimated
coverage probabilities of the existing confidence interval are over estimated for all situations. In addition, the
expected lengths of the proposed confidence interval are shorter than those of the existing confidence interval in
all circumstances. When the sample size increases, the expected length become shorter. Therefore, our
confidence interval presented in this paper performs well in terms of estimated coverage probability and the
expected length in considering the simulation results. A comparison of the confidence intervals is also illustrated
using an empirical application.

Keywords: Interval estimation, Central tendency, Standardized measure of dispersion, Coverage probability,
Expected length.

1. Introduction

The ratio of normal means is widely used in the
area of bioassay and bioequivalence (see, for
example, Bliss, 1935a, 1935b; Irwin, 1937; Fieller,
1944, 1954; Finney, 1947, 1965; Cox, 1985;
Srivastava, 1986; Vuorinen and Tuominen, 1994;
Kelly, 2000; Lee and Lin, 2004; Lu, et al., 2014;
Sun, et al., 2016). The ratio of normal means is
defined by &=y, /p,, where p, and p, are
the population means of X and Y, respectively.
Several researchers have studied the confidence
interval for the ratio of normal means. For example,
Fieller’s (1944, 1954) theorem constructed the
confidence interval for the ratio means. Koschat
(1987) demonstrated that the coverage probability
of a confidence interval constructed using Fieller’s
theorem is exact for all parameters when a common
variance assumption is assumed.

Niwitpong et al. (2011) proposed two confidence
intervals for the ratio of normal means with a
known coefficient of variation. Their confidence
intervals can be applied in some situations, for
instance, when the coefficient of variation of a

Vol.04. No.1 DOI: 10.14456/ssstj.2017.1

control group is known. One of their confidence
intervals was developed based on an exact method
in which this confidence interval was constructed
from the pivotal statistic Z, where Z follows the
standard normal distribution. The other confidence
interval was constructed based on the generalized
confidence interval (Weerahandi, 1993).
Simulation results in Niwitpong et al. (2011)
showed that the coverage probabilities of the two
confidence intervals were not significantly
different. However, the confidence interval based
on the exact method was shorter than the
generalized confidence interval. The exact method
used Taylor series expansion to find the
expectation and variance of the estimator of 6 and
used these results for constructing the confidence
interval for 6. The exact confidence intervals for
6 proposed by Niwitpong et al. (2011) are difficult
to compute since they depend on an infinite
summation. Panichkitkosolkul (2015) considered
an approximate confidence interval for 6 with a
known coefficient of variation. The computation of
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this confidence interval is easier than the exact
confidence interval. Additionally, the proposed
confidence interval performed as well as the exact
confidence interval in terms of estimated coverage
probability and expected length.

The existing confidence intervals for 6 are
constructed when two populations are independent.
However, none of the confidence interval for the
ratio normal means have been studied in the case of
two dependent populations. Therefore, our main
aim in this study is to propose an approximate
confidence interval for the ratio of bivariate normal
means with a known coefficient of variation. In
addition, we also compare the estimated coverage
probabilities and expected lengths of the new
proposed confidence interval, and the confidence
interval proposed by Panichkitkosolkul (2015)
using a Monte Carlo simulation.

The manuscript is organized as follows. In
Section 2, the theoretical background of the
existing confidence interval for @ is discussed. We
provide the theorem for constructing the
approximate confidence interval for & (Section 3).
In Section 4, the performance of the confidence
intervals for @ is investigated through a Monte
Carlo simulation study. The proposed confidence
interval is illustrated by using an example in
Section 5. Conclusions are provided in Section 6.

2. Existing Confidence Interval

In this section, we review the theorem proposed
by Panichkitkosolkul (2015) and use these to
construct the approximate confidence interval for 6.

Theorem 1. Let X,,..., X, be a random sample of
size n from a normal distribution with mean g,

. 2
and variance o, and Yj,.., Y, be a random sample
of size m from a normal distribution with mean 1,

and variance ;. The estimator of 8 is 6= X/Y
where X =n">X, and Y=m")Y, The

approximate expectation and variance of 6 when a
coefficient of variation, 7, =0, /,uy is known, are
respectively (Panichkitkosolkul, 2015)

E@) ~ 9(1+ %j &)

Vol.04. No.1 DOI: 10.14456/ssstj.2017.1

02 92
2
y m

Proof of Theorem 1. See Panichkitkosolkul (2015).

and var(d) ~

It is clear from Equation (1) that 6 is

asymptotically  unbiased (rLILTl E(6) =49) and
E[é/v]:e, where v=1+r§/m. Therefore, the

unbiased estimator of 6 is /v =X/v. From

Equation (2), @ is consistent (Iim var(é):o).

n,m—oo

Now we will use the fact that, from the central limit
theorem,

z - 929 [ N(0,2).

A /var(@)

Based on Theorem 1, we get

7 = Mu N(0,1).
0'2 6

+7

ng; —m Fy

Therefore, the (1—«)100% existing approximate
confidence interval for @ is

A 2 &
Clasng = OIVEZ [ 2541,

existing

where  6=X1/Y, Sf:(n—l)’lz(xi—)?)z,
i=1

v=l+7;/m and z_,, is the 100(l-a/2)

percentile of the standard normal distribution.

3. Proposed Confidence Interval
To find a simple approximate expression for the

expectation of &, we use a Taylor series expansion

of x/'y around g, 4, :

o X o[ X
» +(X #X)&{;jyx,,,y+(y ﬂy)g(yj

Lo (K] Ly e
+2(X 1) axz[yj‘ﬂ# (y—uy) Y

Hx= )yt afay(xj

< |x <|x

Hoo My

)

~<|><

Hoo My
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+0{[(x—ux>§+(y—uy)§j @J @)

Theorem 2. Let X,,..,X, and VY,..Y, be a
random samples of size n from a bivariate normal
distribution; N(yx,yy,af,af,pxy). The estimator

of 9 is 6=X/Y where X=n">X, and
i=1

\7=n’1ZYi. The approximate expectation and

i=1
variance of § when a coefficient of variation,
7, =0, / 4, is known, are respectively

2
£G) ~ Q(HT_V_MJ
N ny,

5 q 20t,p,,0
and var(d) ~ 1 a_x2+9275_ yPo9x |
n /Uy /uy

Proof of Theorem 2. Consider random variables
X and Y where Y has support (0,00). Let
O=X/Y. Find approximations for E(6) and
var(6) using Taylor series expansion of § around

My, 4, as in Equation (3). The mean of 6 can be

found by applying the expectation operator to the
individual terms (ignoring all terms higher than
two),

E(6)

o0 (X),g¢ ey
y +E{a—i(7J(X—E(X))}

oty

Vol.04. No.1 DOI: 10.14456/ssstj.2017.1

E{G——[Yé](i —E(X))(Y - E(Y_))}

| axav
+O(n™)
~ &+O+O+O+l(ZE(_)?)gvar(V)j——COV(g’f)
4y 2\ (E(Y)) (E(Y))
~ ﬂ+var(\7)i§——cov(>§’v)
Hy Hy M,

2
- &+O'y,tlx Ox

My Ny N

Ky o Ny N,

= &£1+T_§_—Typxy0x J

w0 ng,
TZ T O,

= g(“_v_ml @)
noong

An approximation of the variance of @ is obtained
by using the first-order terms of the Taylor series
expansion:

var(6)

off

St

Hy o by
var(X) . g var(Y) 24 cov(X,Y)
1 1y 1y
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2

2 _2
o, MOy 240y

2 4 3
N, Ny, N

2 207, p,, 0,
St e (5)
n 4 4y

It is clear from Equation (4) that 6 is

asymptotically  unbiased (!@E(é)z@) and

2
E[Q/U]=9, where ;7:1+%V_Tynp;lyax.

Therefore, the asymptotically unbiased estimator of

the ratio of bivariate normal means is
2

A o e R T, 1,,S,

017 =XInY where 7=1+->-—""" and T,
n n

is the sample Pearson’s correlation coefficient.

From  Equation  (5), 6 is  consistent

(Iim var(é)=0).We then apply the central limit

n—oo
theorem and Theorem 2,

Z = 0/n=-0 1 N(0,2).

1 if+9212_291ypxyax
ey 7y

Therefore, it is easily seen that the (1—«)100%
approximate confidence interval for @ is

4 1(sz ., 20518,
Cl proposes :EizlaIZ\/ﬁ[Y—_z"'azT;_% )
)= XY 2 r.S
where @ = X /Y, 7?:1+T_y_7yxy .
n n

SE=(n-D*D (X, —X)’, r, is the sample
i=1

Pearson’s correlation coefficient and z,_,, is the
100(1—«/2) percentile of the standard normal
distribution.

4. Simulation Study

A Monte Carlo simulation was conducted using
the R statistical software (lhaka and Gentleman,
1996) version 3.2.2 to compare the estimated
coverage probabilities and average lengths of the
new proposed confidence interval and the existing
confidence interval for the ratio of bivariate normal
means. The data set was generated from a bivariate
normal distribution with =051 and 2 (They

represent the case of g, <, u = pand

4, > ), the correlation coefficients p, = 0.3,
0.5and 0.7 (They represent the case of low,

Vol.04. No.1 DOI: 10.14456/ssstj.2017.1

moderate and high correlations), and the ratio of
variances oy /o, =0.25, 0.5, 0.8, 1, 2 and 3 (They

represent the case of o; <o;,0; =o,ando; >0,

). The sample sizes were set at n = 10, 20, 30 and
50. The number of simulation runs was 1,000 (The
simulation results based on 1,000 runs were not
different with those based on 10,000 runs) and the
nominal confidence level 1—« was fixed at 0.95.
The simulation results are demonstrated in Tables
1-3 (Annexl1). The proposed confidence interval
has estimated coverage probabilities close to the
nominal confidence level for large sample sizes.
The estimated coverage probabilities of the existing
confidence interval are over estimated for all
situations. Additionally, the expected lengths of the
proposed confidence interval are shorter than those
of the existing confidence interval in all
circumstances. When the sample sizes increase, the
expected lengths become shorter (i.e., for the

proposed confidence interval, p, = 0.3, 05/05 =
0.25, 0.0721 for n=10; 0.0514 for n=20; 0.0327
for n=50). Therefore, the proposed confidence
interval performs well in terms of estimated
coverage probability and expected length in
considering the simulation results.

5. An lllustrative Example

To illustrate an example of the two confidence
interval for the ratio of bivariate normal means with
a known coefficient of variation proposed in the
previous section, we used the data taken from
Fisher and Van Belle (1993, Example 9.3). The
data represent erythrocyte adenosine triphosphate
(ATP) levels in youngest and oldest sons in 17
families. The data are given in Table 4 (Appendix
1). The ATP level is important because it
determines the ability of the blood to carry energy
to the cells of the body (Krishnamoorthy and Xia,
2007). The histogram, density plot, Box-and-
Whisker plot and normal quantile-quantile plot of
each variable are displayed in Figures 1 and 2
(Appendix 1). Figure 3 shows the result of the
Shapiro-Wilk multivariate normality test using
package “mvnormtest” in the R statistical software.

As they appear in Figures 1 to 3, we find that the
data are in excellent agreement with a bivariate
normal distribution. From past research, we assume
that the population coefficient of variation of ATP
in the oldest sons is about 0.1. The 95% existing
and proposal confidence intervals for the ratio of
bivariate normal means with a known coefficient of
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variation are calculated and reported in Table 5
(Appendix 1). The results confirm that the
proposed confidence interval is more efficient than
the existing confidence interval in terms of the
length of the interval.

6. Conclusions

In this study, we proposed an approximate
confidence interval for the ratio of bivariate normal
means with a known coefficient of variation.
Normally, this arises when a scientist knows the
coefficient of variation of a control group. The
approximate confidence interval proposed uses the
approximation of the expectation and variance of
the estimator. The new proposed confidence
interval was compared with the existing
approximate confidence interval constructed by
Panichkitkosolkul (2015) through a Monte Carlo
simulation study. The new proposed confidence
interval performed well for all cases in terms of the
estimated coverage probability and expected
length.

Acknowledgements

The author is grateful to the two anonymous
referees for their valuable comments, which have
significantly enhanced the quality and presentation
of this paper.

References

Bliss, C. I. (1935a). The calculation of the dose-
mortality curve, Annals of Applied Biology,
22(1), 134-167.

Bliss, C. I. (1935b).The comparison of dose-
mortality data, Annals of Applied Biology, 22
(2), 309-333.

Cox, C. P. (1985). Interval estimates for the ratio of
the means of two normal populations with
variances related to the means, Biometrics,
41(1), 261-265.

Fieller, E. C. (1944). A fundamental formula in the
statistics of biological assay and some
applications, Quarterly Journal of Pharmacy
and Pharmacology, 17 (2), 117-123.

Fieller, E. C. (1954). Some problems in interval
estimation, Journal of the Royal Statistical
Society: Series B, 16 (2), 175-185.

Vol.04. No.1 DOI: 10.14456/ssstj.2017.1

Finney, D. J. (1947). The principles of the biological
assay (with discussion), Journal of the Royal
Statistical Society: Series B, 9 (1), 46-91.

Finney, D. J. (1965). The meaning of bioassay,
Biometrics, 21 (4), 785-798.

Fisher, L. D. and Van Belle, G. (1993). A
Methodology for the Health Sciences. New
York: Wiley.

lhaka, R. and Gentleman, R. (1996). R: A language
for data analysis and graphics, Journal of
Computational and Graphical Statistics, 5, 299-
314.

Irwin, J. O. (1937). Statistical method applied to
biological assay, Journal of the Royal Statistical
Society: Series B, 4 (1), 1-60.

Kelly, G. E. (2000). The median lethal dose-design
and estimation, Statistician, 50(1), 41-50.

Koschat, M. A. (1987). A characterization of the
Fieller solution, Annals of Statistics, 15(1), 462-
468.

Krishnamoorthy, K. and Xia, Y. (2007). Inferences
on correlation coefficients:  One-sample,
independent and correlated cases, Journal of
Statistical Planning and Inferences, 137 (7),
2362-2379.

Lee, J. C. and Lin, S. H. (2004). Generalized
confidence intervals for the ratio of means of
two normal populations, Journal of Statistical
Planning and Inference, 123 (6), 49-60.

Lu, Y., Chow, S.C. and Zhu, S. (2014). In vivo and
in vitro bioequivalence testing, Bioequivace &
Bioavailability, 6 (2), 67-74.

Niwitpong, S., Koonprasert, S. and Niwitpong, S.
(2011). Confidence intervals for the ratio of
normal means with a known coefficient of
variation, Advances and Applications in
Statistics, 25(1), 47-61.

Panichkitkosolkul, W. (2015, October 13-17).
Approximate confidence interval for the ratio of
normal means with a known coefficient of
variation, In V.N. Huynh, M. Inuiguchi, and T.
Denoeux (Eds.), Integrated Uncertainty in
Knowledge Modelling and Decision Making.
Paper presented at The 4th symposium on
Integrated Uncertainty in Knowledge Modelling
and Decision Making, Nha Trang, Vietnam
(pp.183-191). Switzerland: Springer

Srivastava, M. S. (1986). Multivariate bioassay,
combination of bioassays and Fieller’s theorem,
Biometrics, 42(1), 131-141.



Available online at http://www.ssstj.sci.ssru.ac.th

Suan Sunandha Science and Technology Journal
©2017 Faculty of Science and Technology, Suan Sunandha Rajabhat University

Sun, W., Grosser, S. and Tsong, Y. (2016). Ratio of
means vs. difference of means as measures of
superiority, noninferiority, and average

Bioequivalence, Journal of Biopharmaceutical
Statistics,d0i:10.1080/10543406.2016.1265536.

Vuorinen, J. and Tuominen, J. (1994). Fieller’s
confidence intervals for the ratio of two means
in the assessment of average bioequivalence
from crossover data, Statistics in Medicine, 13
(23), 2531-2545.

Weerahandi, S. (1993). Generalized confidence
intervals, Journal of the American Statistical
Association, 88 (423), 899-905.

Vol.04. No.1 DOI: 10.14456/ssstj.2017.1



Available online at http://www.ssstj.sci.ssru.ac.th

Suan Sunandha Science and Technology Journal
©2017 Faculty of Science and Technology, Suan Sunandha Rajabhat University

Appendix 1
Table 1. Estimated coverage probabilities and expected lengths of confidence intervals for the ratio of
bivariate normal means with a known coefficient of variation when @=0.5.

n p ol ol Coverage Probabilities Expected Lengths
& o Existing Proposed Existing Proposed
10 0.3 0.25 0.976 0.932 0.0869 0.0715
0.5 0.981 0.930 0.0755 0.0628
0.8 0.966 0.922 0.0701 0.0603
1 0.965 0.929 0.0682 0.0591
2 0.952 0.926 0.0643 0.0579
3 0.941 0.924 0.0627 0.0575
05 0.25 0.995 0.919 0.0870 0.0610
05 0.984 0.915 0.0752 0.0547
0.8 0.974 0.914 0.0698 0.0530
1 0.985 0.934 0.0680 0.0527
2 0.966 0.912 0.0636 0.0525
3 0.949 0.911 0.0634 0.0545
0.7 0.25 0.998 0.932 0.0872 0.0482
05 0.998 0.929 0.0750 0.0445
0.8 0.997 0.924 0.0706 0.0456
1 0.988 0.910 0.0679 0.0452
2 0.982 0.934 0.0637 0.0476
3 0.969 0.905 0.0623 0.0493
20 0.3 0.25 0.978 0.925 0.0618 0.0511
05 0.980 0.951 0.0532 0.0449
0.8 0.972 0.936 0.0503 0.0429
1 0.970 0.924 0.0484 0.0422
2 0.956 0.931 0.0462 0.0415
3 0.959 0.935 0.0449 0.0411
05 0.25 0.993 0.938 0.0617 0.0434
05 0.994 0.941 0.0535 0.0391
0.8 0.991 0.946 0.0498 0.0375
1 0.975 0.932 0.0484 0.0375
2 0.977 0.937 0.0465 0.0386
3 0.975 0.939 0.0450 0.0386
0.7 0.25 0.999 0.933 0.0617 0.0341
05 0.999 0.951 0.0534 0.0313
0.8 0.996 0.944 0.0496 0.0317
1 0.990 0.926 0.0486 0.0322
2 0.988 0.938 0.0462 0.0345
3 0.981 0.945 0.0449 0.0356
30 0.3 0.25 0.987 0.954 0.0507 0.0422
05 0.976 0.925 0.0436 0.0368
0.8 0.969 0.939 0.0407 0.0350
1 0.967 0.937 0.0397 0.0345
2 0.961 0.934 0.0377 0.0338
3 0.959 0.942 0.0372 0.0341
05 0.25 1.000 0.949 0.0506 0.0357
05 0.996 0.960 0.0437 0.0316
0.0310
0.8 0.985 0.946 0.0408
1 0.988 0.936 0.0396 0.0307
2 0.982 0.945 0.0375 0.0311
3 0.975 0.943 0.0370 0.0317
0.7 0.25 1.000 0.959 0.0506 0.0279
05 1.000 0.939 0.0437 0.0256
0.8 0.996 0.947 0.0409 0.0260
1 0.998 0.940 0.0398 0.0265
2 0.987 0.938 0.0376 0.0281
3 0.983 0.946 0.0371 0.0294
7
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Table 1. (Continued)

Coverage Probabilities

Expected Lengths

n o’lo?

Pry Y Existing Proposed Existing Proposed

50 0.3 0.25 0.979 0.941 0.0392 0.0327

0.5 0.975 0.938 0.0338 0.0284

0.8 0.973 0.938 0.0319 0.0276

1 0.968 0.937 0.0308 0.0267

2 0.967 0.936 0.0293 0.0264

3 0.968 0.946 0.0287 0.0263

0.5 0.25 0.995 0.952 0.0392 0.0277

0.5 0.992 0.937 0.0338 0.0245

0.8 0.987 0.950 0.0318 0.0241

1 0.982 0.937 0.0311 0.0240

2 0.978 0.954 0.0293 0.0242

3 0.974 0.948 0.0287 0.0247

0.7 0.25 1.000 0.961 0.0391 0.0216

0.5 0.998 0.946 0.0338 0.0197

0.8 0.998 0.957 0.0316 0.0201

1 0.997 0.943 0.0309 0.0205

2 0.989 0.942 0.0293 0.0220

3 0.986 0.958 0.0289 0.0229

8
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Table 2. Estimated coverage probabilities and expected lengths of confidence intervals for the ratio of
bivariate normal means with a known coefficient of variation when 8=1.

n p ol ol Coverage Probabilities Expected Lengths
& o Existing Proposed Existing Proposed
10 0.3 0.25 0.980 0.946 0.2791 0.2421
0.5 0.969 0.920 0.2150 0.1791
0.8 0.976 0.911 0.1853 0.1529
1 0.978 0.915 0.1745 0.1459
2 0.968 0.902 0.1489 0.1259
3 0.970 0.925 0.1403 0.1198
0.5 0.25 0.986 0.933 0.2781 0.2146
0.5 0.991 0.927 0.2145 0.1550
0.8 0.993 0.914 0.1850 0.1292
1 0.992 0.924 0.1751 0.1228
2 0.986 0.923 0.1497 0.1089
3 0.970 0.916 0.1423 0.1060
0.7 0.25 0.997 0.928 0.2778 0.1843
05 1.000 0.936 0.2149 0.1264
0.8 0.998 0.921 0.1845 0.1028
1 1.000 0.923 0.1729 0.0962
2 0.999 0.930 0.1502 0.0882
3 0.994 0.935 0.1407 0.0894
20 0.3 0.25 0.973 0.937 0.1959 0.1697
05 0.966 0.925 0.1516 0.1277
0.8 0.989 0.946 0.1312 0.1099
1 0.973 0.934 0.1234 0.1023
2 0.978 0.942 0.1062 0.0898
3 0.972 0.944 0.1005 0.0864
05 0.25 0.992 0.948 0.1963 0.1516
05 0.989 0.945 0.1513 0.1104
0.8 0.994 0.947 0.1312 0.0931
1 0.989 0.926 0.1233 0.0873
2 0.991 0.944 0.1066 0.0779
3 0.985 0.939 0.1000 0.0752
0.7 0.25 0.994 0.946 0.1965 0.1303
05 0.999 0.916 0.1518 0.0886
0.8 0.999 0.935 0.1312 0.0721
1 1.000 0.936 0.1233 0.0684
2 1.000 0.939 0.1071 0.0632
3 0.997 0.955 0.1004 0.0632
30 0.3 0.25 0.974 0.938 0.1601 0.1389
05 0.973 0.937 0.1243 0.1053
0.8 0.980 0.955 0.1072 0.0893
1 0.984 0.947 0.1009 0.0839
2 0.977 0.949 0.0872 0.0734
3 0.980 0.953 0.0823 0.0708
05 0.25 0.987 0.937 0.1603 0.1238
05 0.992 0.939 0.1234 0.0897
0.8 0.993 0.942 0.1072 0.0758
1 0.995 0.952 0.1012 0.0717
2 0.992 0.945 0.0877 0.0636
3 0.986 0.943 0.0823 0.0619
0.7 0.25 0.998 0.941 0.1606 0.1058
05 1.000 0.939 0.1240 0.0726
0.8 0.999 0.937 0.1075 0.0593
1 0.999 0.952 0.1012 0.0559
2 1.000 0.943 0.0874 0.0511
3 0.999 0.946 0.0821 0.0519
9
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Table 2. (Continued)

Coverage Probabilities

Expected Lengths

n o’lo?

Pry Y Existing Proposed Existing Proposed

50 0.3 0.25 0.976 0.945 0.1240 0.1079

0.5 0.978 0.948 0.0960 0.0814

0.8 0.978 0.946 0.0830 0.0693

1 0.981 0.952 0.0783 0.0654

2 0.979 0.945 0.0679 0.0573

3 0.971 0.945 0.0637 0.0546

0.5 0.25 0.993 0.953 0.1241 0.0960

0.5 0.991 0.939 0.0961 0.0700

0.8 0.996 0.951 0.0831 0.0586

1 0.991 0.951 0.0783 0.0552

2 0.995 0.957 0.0677 0.0491

3 0.993 0.952 0.0639 0.0480

0.7 0.25 0.994 0.944 0.1239 0.0827

0.5 0.999 0.948 0.0963 0.0557

0.8 1.000 0.947 0.0832 0.0459

1 1.000 0.936 0.0784 0.0430

2 0.997 0.951 0.0678 0.0397

3 0.999 0.958 0.0638 0.0400

10
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Table 3. Estimated coverage probabilities and expected lengths of confidence intervals for the ratio of
bivariate normal means with a known coefficient of variation when 8 =2.

ol o2 Coverage Probabilities Expected Lengths
" Py o Existing Proposed Existing Proposed
10 0.3 0.25 0.964 0.948 0.5137 0.4757
0.5 0.978 0.955 0.3725 0.3347
0.8 0.976 0.945 0.3051 0.2675
1 0.974 0.939 0.2779 0.2406
2 0.981 0.924 0.2141 0.1792
3 0.979 0.916 0.1879 0.1564
0.5 0.25 0.969 0.942 0.5131 0.4488
0.5 0.975 0.948 0.3727 0.3087
0.8 0.988 0.924 0.3045 0.2376
1 0.988 0.944 0.2775 0.2140
2 0.995 0.932 0.2147 0.1533
3 0.991 0.917 0.1889 0.1335
0.7 0.25 0.976 0.945 0.5134 0.4228
05 0.994 0.943 0.3729 0.2795
0.8 0.991 0.939 0.3034 0.2088
1 0.996 0.935 0.2769 0.1853
2 1.000 0.915 0.2142 0.1252
3 1.000 0.933 0.1891 0.1040
20 0.3 0.25 0.967 0.951 0.3619 0.3358
05 0.977 0.953 0.2629 0.2364
0.8 0.968 0.928 0.2148 0.1891
1 0.982 0.950 0.1967 0.1694
2 0.986 0.948 0.1512 0.1274
3 0.984 0.961 0.1339 0.1112
05 0.25 0.974 0.952 0.3632 0.3181
0.5 0.987 0.959 0.2634 0.2181
0.8 0.982 0.951 0.2145 0.1705
1 0.990 0.940 0.1959 0.1512
2 0.991 0.936 0.1517 0.1098
3 0.994 0.928 0.1332 0.0944
0.7 0.25 0.981 0.947 0.3620 0.2979
0.5 0.991 0.941 0.2631 0.1977
0.8 0.999 0.930 0.2149 0.1483
1 0.993 0.930 0.1961 0.1302
2 0.998 0.937 0.1512 0.0886
3 1.000 0.939 0.1336 0.0744
30 0.3 0.25 0.964 0.950 0.2959 0.2748
05 0.978 0.953 0.2147 0.1938
0.8 0.975 0.950 0.1754 0.1536
1 0.981 0.954 0.1598 0.1392
2 0.976 0.946 0.1237 0.1051
3 0.970 0.941 0.1090 0.0911
05 0.25 0.977 0.960 0.2958 0.2584
05 0.982 0.950 0.2147 0.1770
0.8 0.986 0.955 0.1753 0.1383
1 0.990 0.944 0.1598 0.1246
2 0.996 0.943 0.1239 0.0898
3 0.991 0.945 0.1093 0.0773
0.7 0.25 0.978 0.940 0.2956 0.2419
05 0.996 0.964 0.2146 0.1607
0.8 0.997 0.936 0.1754 0.1210
1 0.994 0.951 0.1601 0.1064
2 1.000 0.949 0.1234 0.0725
3 1.000 0.932 0.1091 0.0606
11
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Table 3. (Continued)

n p ol o’ Coverage Probabilities Expected Lengths
Xy Y Existing Proposed Existing Proposed

50 0.3 0.25 0.978 0.960 0.2287 0.2118
05 0.964 0.938 0.1664 0.1498

0.8 0.973 0.946 0.1359 0.1196

1 0.973 0.941 0.1238 0.1077

2 0.973 0.948 0.0959 0.0810

3 0.984 0.953 0.0844 0.0707

0.5 0.25 0.976 0.959 0.2287 0.2000

05 0.989 0.954 0.1664 0.1375

0.8 0.988 0.960 0.1357 0.1079

1 0.989 0.954 0.1240 0.0962

2 0.993 0.952 0.0960 0.0698

3 0.993 0.951 0.0846 0.0599

0.7 0.25 0.984 0.951 0.2288 0.1877

05 0.991 0.949 0.1662 0.1245

0.8 0.995 0.945 0.1358 0.0938

1 0.995 0.941 0.1237 0.0823

2 1.000 0.938 0.0960 0.0565

3 0.998 0.936 0.0846 0.0470

Table 4. Erythrocyte adenosine triphoshate (ATP) levels in youngest and oldest sons.

Family 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Youngest 4.18 516 485 343 453 513 410 477 412 465 6.03 594 599 543 500 482 525
)

Oldest 481 418 448 419 427 487 474 453 372 462 583 440 487 544 470 414 530
v)

Table 5. The 95% confidence intervals for theratio of bivariate normal means with a known coefficient
of variation of the ATP levels in youngest and oldest sons.

Methods Confidence intervals Lengths
Lower limit Upper limit
Existing 0.9648 1.1424 0.1776
Proposed 0.9923 1.1159 0.1236
12
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Figure 1. (a) histogram, (b) density plot, (c) Box-and-Whisker plot and
(d) normal quantile-quantile plot of the ATP levels of youngest sons.

(a) (b)

0.8

0.6
L

Density
0.4
!

Frequency
01 2 3 45 6 7

N
o
o
o

35 4.0 4.5 5.0 55 6.0 3.0 35 40 45 50 55 6.0 6.5

ATP ATP

(c) (d)

5.5
!
55

)

5.0
L
5.0
L

4.5
L

Sample Quantiles
4.5
o
o

4.0
1
4.0

Theoretical Quantiles

Figure 2. (a) histogram, (b) density plot, (c) Box-and-Whisker plot and
(d) normal quantile-quantile plot of the ATP levels of oldest sons.

Shapiro-Wilk normality test
data: Z

W = 0.9668, p-value = 0.7601

Figure 3. Shapiro-Wilk test for multivariate normality of the ATP of youngest and oldest sons.
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Abstract: A leaf spot disease was observed on Aloe vera plants growing in nurseries and botanical gardens of
Gwalior, Madhya Pradesh, India. Symptoms were noticed on the tips and the middle part of the leaves in the
form of small, circular, dark brown necrotic spots, with an average diameter of 0.6-1.4x0.5-0.9 cm. Dark brown
colonies with granular appearance was consistently isolated from the infected tissue on PDA. Conidia were
hyaline, aseptate and rod shaped measuring up to 12.5-20x7.5-15 um. Based on the morphological and cultural
characteristics, fungus was identified as Polyrostrata indica Prameela and Nita Mathur. Pathogenicity test
conducted on healthy Aloe leaves showed typical leaf spot symptoms after fourteen day of infestation. To the
best of our knowledge, this is the first record of this pathogen on A. vera in India.

Keywords: Aloe vera, Leaf spot, Polyrostrata indica, Disease, India.

1. Introduction

Genus Aloe has a history of economic and
medicinal uses that span thousands of years and is
the source of some of the oldest known herbal
medicines. Aloe vera (L.) Burm. fil, is a succulent,
perennial, drought resistant medicinal herb of the
family Aloaceae. It has naturalized throughout the
warm regions around the world including Africa,
Asia, China and India. The Egyptians called it
“sanctuary plant of immortality” (Park & Lee,
2006). Plant is stemless with triangular, elongated,
fleshy leaves ranging in color from light green to
bright green and the margin of the leaves are spiny.
Most of the active chemical constituents are found
in the leaves which composed of rind, juice and gel
(Ramachandra & Rao, 2008). The mucilaginous gel
at the centre of leaves is also called “aloe gel” is
used for wvarious medicinal, cosmetic and
nutraceuticals applications. Gel contains 98.5%
water and 200 potentially active chemical
constituents like vitamins, enzymes, minerals,
sugars, lignin, saponins, salicylic acids, and amino
acids (Boudreau & Beland, 2006; Yebpella et al.,
2011). Its gel is used both, topically (treatment of
wounds, minor burns, and skin irritations) and
internally to treat constipation, coughs, ulcers,
diabete, headaches, arthritis, immune-system
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deficiencies (Vogler & Ernst, 1999; Eshun & He,
2004; Steenkamp & Stewart, 2007).

Aloe vera has gained attention of plant pathologist
because of various fungal and bacterial diseases
like leaf spot, anthracnose, soft rot, dry leaf rot and
root rot occur during its cultivation which lead
economic loss to the crop. Among the various
diseases, leaf spot is one the most devastating
disease of Aloe vera which causes changes in
morphological characteristics as well as in
biochemical constituents also. Alteration in the
antioxidant potential of Aloe vera due to infection
of Alternaria alternata has also been reported by
Pritam & Kale, (2007). Keeping in view the
medicinal as well as cosmetic importance of Aloe
vera, the present study was aimed to isolate and
identify fungal pathogen associated with leaf spot
disease.

2. Material’s and methods

An intensive survey of various nurseries and
botanical gardens located in five major areas of
Gwalior city i.e. Morar, City Centre, Chetakpuri,
Kampoo and Lashkar was carried out in 2011 to
explore the fungal disease on A. vera plants.
Infected leaves samples of A. vera were collected
randomly in sterile polythene bags, brought to
the Mycology and Plant Pathology Laboratory at
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School of Studies in Botany, Jiwaji University,
Gwalior and kept at room temperature for further
analysis. Diseased leaves were washed in running
tap water to remove soil & other unwanted
contaminants. All the collected plant samples were
examined morphologically with the help of
magnifying glass. Leaf spot tissues were cut into
small pieces, surface sterilized with 1% sodium
hypochlorite (NaOCI) solution for 2 min and then
washed three-four times in sterile distilled water.
The sterilized leaf pieces were then aseptically
transferred to petri-plates containing Potato
Dextrose Agar and incubate at 27+2 °C for 5 to 6
days. The fungal growth on inoculated leaf pieces
was sub cultured on fresh Potato Dextrose Medium
(PDA) medium for identification purposes.

Microscopic examinations were performed by
mounting fungal hyphae in lacto-phenol cotton-
blue mixture. The isolated fungus was identified on
the basis of cultural characteristics (Shape, size and
color of colony) and microscopic features
(characteristic of mycelium, diameter of conidia
and pycnidia) as described by Devi et al. (2009).
The further Identification of pathogens was
confirmed at the Indian Type Culture Collection
(ITCC), IARI, New Delhi, India.

Pathogenicity of the isolated organism was
confirmed on detached healthy leaves of A. vera.
Three healthy leaves were surface sterilized with
1% sodium hypochlorite solution (NaOCI).
Artificial pricks approximately 2 mm deep on the
upper surface of leaves were made by sterilized
needle. Under aseptic conditions spore suspension
(1x 10° spore ml™) of the isolated organism was
sprayed through sprayer on leaves and lined with
moist blotting paper. Leaves sprayed with sterile
distilled water served as control. Leaves were
incubated at 25+2 °C for 12-14 days. The causal
organism from the infected leaves was re-isolated
on PDA medium.

3. Results

During survey it was revealed that pathogen
found associated with leaf spot disease on A. vera
was observed only in winter season i.e. December
to January. Leaf spot infection was recorded from
almost all the nurseries and botanical gardens.
Results exhibited that Polyrostrata indica isolated
from the infected leaf samples.
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3.1. Symptoms of the Disease

Morphological examination revealed changes in
terms of colour, texture and appearance of the
leaves. Infected leaves were light green in colour,
mushy and less fleshy, margin of the leaves were
distorted. The disease appeared as small, circular,
light maroon spots on tips and the middle portion
of leaves. Progressively, the size of spots enlarged,
sunken, and became brown colour bordered with
water soaked margins. At the maturity, spots
became dry, necrotic and turned into brownish
black in colour with an average size of 0.6-1.4x0.5-
0.9 cm (Fig. 1 A-B).

3.2. Identification of Causal Organism

The fungal colonies on PDA showed dark brown
colour with granular appearance. Mycelium was
thin, hyaline turned into thick walled. Rough
septate mycelium attached to the pycnidia, long
thick hairs were immersed or semi immersed.
Pycnidia were black having beak through which
spores were discharged in cirrus form.
Conidiogenous cells were hyaline and smooth with
large globose guttulae. Conidia were hyaline,
aseptate, smooth and rod shaped measuring up
t012.5-20%7.5-15 pum in diameter (Figure 2 A-D).
Based on the cultural and microscopic characters,
the fungus was identified as Polyrostrata indica
Prameela and Nita Mathur (#1TCC-8188.11).

3.3. Pathogenicity Test

Initiation of symptoms was appeared on the fifth
day of infestation. Initially, round, water soaked
spots were appeared on the upper surface of leaves.
As the infection progressed, spots got sunken and
brown in color. On the fourteen day, the spots
become necrotic and turned into brownish black in
color. The symptoms of disease noticed during
pathogenicity were almost similar to the natural
symptoms. The pathogen was re-isolated from all
inoculated leaf samples. However, no symptoms
were observed on control plants. The fungi were re-
isolated from the infected leaves and were
compared with the original culture of Polyrostrata
indica.

4. Discussion

Aloe vera, being like a cactus plant has enjoyed a
long history as a herbal remedy and is perhaps the
most popular herb in use today. It is highly
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Figure 1. (A-B) Symptoms of leaf spots on Aloe vera caused by P. indica. (1S-Initial symptoms; LS- Later

symptoms).

Figure 2. A. Culture of P. indica on PDA (ten days old); B. Microscopic view of Conidia, C Hairy pycnidia; D

Pycnidia releasing conidia

appreciated due to its multifarious uses and high
medicinal values. Besides having therapeutic
potential, A. vera has been reported to infect with
different leaf spot pathogens. Various fungal patho-
gens have been reported to cause leaf spot disease
on A. vera such as Fusarium phyllophilum (Kishi et
al.,, 1999); Alternaria alternata (Manjul et al.,
2008; Kamalakannan et al., 2008; Bajwa et al.,
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2010; Abkhoo, 2013), Colletotrichum
gloeosporioides (Avasthi et al., 2011); Fusarium
oxysporum (Kawuri et al,. 2012); Nigrospora
oryzae (Zhai et al.,, 2013) and Phoma betae
(Awvasthi et al., 2013), Sphaeropsis sapinea (Kamil
et al., 2014), Curvularia lunata & C. ovoidea
(Avasthi et al., 2015); Alternaria tenuissima
(Vakalounakis et al., 2015) Phomopsis sp. (Avasthi
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et al, 2016), Cladosporium sphaerospermum
(Avasthi et al, 2016) and Phoma
eupyrena (Avasthi et al., 2017).

A new genus Polyrostrata was described in the
family Sphaeropsidaceae in 2009 (Uma et al.,
2009). There are scarce published reports on this
pathogen. Polyrostrata indica, has been reported
from the stem of Erianthus munja (Devi et al.,
2009). To the best of our knowledge, this is the first
report of leaf spot disease on A. vera caused by P.
indica in the India.

Acknowledgements

Authors are grateful to Head, School of Studies
in Botany, Jiwaji University, Gwalior, Madhya
Pradesh, India, for laboratory assistance and Indian
Type Culture Collection (ITCC), IARI, New Delhi,
India for fungal identification.

References

Abkhoo, J. (2014). Evidence of Alternaria
alternata causing leaf spot of Aloe verain
Iran, Journal of Phytopathology, 162 (7-8),
516-518.

Arunkumar, S., and Muthuselvan, M. (2009).
Analysis of Phytochemical Constituents and
Antimicrobial Activities of Aloe vera L.
against Clinical Pathogens. World Journal of
Agricultural Sciences, 5 (5), 572-576.

Avasthi, S., Gautam, A.K., and Bhadauria, R.
(2016). First report of Cladosporium
sphaerospermum causing leaf spot disease of
Aloe vera in India. Journal of Crop Protection
5 (4), 649-654.

Avasthi, S., Gautam, A.K., and Bhadauria, R.
(2017). First report of leaf spot disease caused
by Phoma eupyrena Sacc. on Aloe vera from
Madhya Pradesh, India. Arch Phytopathology
Plant Protect, 50 (1&2), 62 —69.

Avasthi, S., Gautam, A.K., and Bhadauria, R.
(2013). First report of Phoma betae on Aloe
vera in India, Arch Phytopathology Plant
Protect, 46 (12), 1508-1511.

Avasthi, S., Gautam, A.K., and Bhadauria, R.
(2016). First report of Phomopsis sp. on Aloe
vera in India. Plant Pathology & Quarantine,
6 (2), 176-179.

Avasthi, S., Gautam, AK., and Bhadauria, R. (2015a).
Occurrence of leaf spot diseases on Aloe

barbadensis Miller caused by Curvularia species

Vol.04. No.1 DOI: 10.14456/ssstj.2017.2

17

from Madhya Pradesh, India, Biodiversitas,
16 (1), 79-83.

Avasthi, S., Gautam, A.K., and Bhadauria, R.
(2011). First report of anthracnose disease of
Aloe vera caused by Colletotrichum
gloeosporioides, Journal of research in
Biology, 6 (1), 408-410.

Bajwa, R., Mukhtar, 1., and Mushtag, S. (2010).
New report of Alternaria alternata causing
leaf spot of Aloe vera in Pakistan, Canadian
Journal of Plant Pathology, 32(4), 490-492.

Boudreau, M.D., and Beland, F.A. (2006). An
evaluation of the biological and toxicological
properties of Aloe barbadensis (Miller). Journal
of environmental science and health. Part C,
Journal of Environmental Carcinogenesis and
Ecotoxicology, 24(1), 103-154.

Devi,T.P., Mathur, N., Singh, O.P., and Maheswari,
C.U. (2009). Polyrostrata, a new genus of

Sphaeropsidaceae  from  India.  Indian
Phytopathology, 62(2), 233-236.
Djeraba, A., and Quere, P. (2000). In vivo

macrophage activation in chicken with
acemannan, complex carbohydrates extracted
from Aloe vera, International Journal of
Immunopharmacology, 22 (5), 365-372.

Eshun, K., and He, Q. (2004). Aloe vera: A
valuable  ingredient for the  food,
pharmaceutical and cosmetic industries - A
review. Critical Reviews in Food Science and
Nutrition, 44 (2), 91-96.

Kamalakannan, A., Gopalakrishanan, C., Renuka,
R., Kalpana, K., Lakshmi, L.D., and
Valluvaparidasan, V. (2008). First report of
Alternaria alternate causing leaf spot on Aloe
barbadensis in India. Australian Plant Disease
Notes, 3 (1), 110-111.

Kamil, D., Sharma, D.K., Devi, T.P., and Singh, M.
(2014). First report of leaf blight of Aloe vera
caused by Sphaeropsis sapinea in India.
Journal of Plant Pathology, 96 (2), 113.

Kawuri, R., Suprapta, D.N., Nitta, Y., and Homma,
T. (2012). Destructive Leaf Rot Disease
Caused by Fusarium oxysporum on Aloe
barbadensis Miller in Bali. Agricultural
Science Research Journal, 2 (6), 295 — 301.

Kishi, K., Furukawa, T., and Akot, T. (1999).
Purple Spot of Aloe (Aloe arborescens Mill.)
Caused by Fusarium phyllophilum Nirenberg
et O'Donnell (New Disease). Annals of the -


http://resjournals.com/ARJ/Pdf/2012/June/KAWURI%20et%20al.pdf
http://resjournals.com/ARJ/Pdf/2012/June/KAWURI%20et%20al.pdf
http://resjournals.com/ARJ/Pdf/2012/June/KAWURI%20et%20al.pdf

Available online at http://www.ssstj.sci.ssru.ac.th

Suan Sunandha Science and Technology Journal
©2017 Faculty of Science and Technology, Suan Sunandha Rajabhat University

Phytopathological Society of Japan, 65 (6),
576-587.

Park, J.H., and Kwon, S.W. (2006). Chemical
components of aloe and its analysis. In: Park
YI, Lee SK, editors. New perspectives on
Aloe, New York: Springer. p 23-66.

Ramachandra, C.T., and Rao, S.P. (2008).
Processing of Aloe vera gel: A review,
American Journal of Agricultural and
Biological Sciences, 3 (2), 507-510.

Steenkamp, V., and Stewart, M.J. (2007).
Medicinal applications and toxicological
activities of Aloe products, Pharmaceutical
Biology, 45 (5), 411-20.

Uma Maheswari,C., Prameela Devi, T., Mathur N.,
and Singh O.P. (2009). Polyrostrata, a new
genus of Sphaeropsidaceae from India. Indian
Phytopathology, 62(2), 233-236.

Vakalounakis, D.J., Kavroulakis, N., and
Lamprou, K.K. (2015).Occurrence of Leaf
Spot Caused by Alternaria tenuissima on
Aloe barbadensis in Greece, Plant Disease,
doi.org/10.1094/PDI1S-07-15-0803-PDN.

Manjul, P., Shubha, T., Gurha, S. N. and Tripathi
V. K. (2008). Dry rot and leaf spot of Aloe
barbadensis caused by Alternaria alternata.
Journal Annals of Plant Protection Sciences,
16 (2): 512-513.

Vogler, B.K. and Enst E. (1999). Aloe vera a
systematic review of its clinical effectiveness.
British Journal of General Practice, 49 (447),
823-828.

Yebpella, G.G., Adeyemi, H.M.M., Hammuel, C.,
Magomya, A.M., Agbaji, A.S., and Okonkwo,
E.M. (2011). Phytochemical screening and
comparative study of antimicrobial activity of
Aloe vera various extracts. African Journal of
Microbiology Research, 5 (10), 1182-1187.

Zhai, LF, Liu J,Zhang, M.X.,Hong, N.,Wang, G.P.,
and Wang, L.P. (2013). The first report of leaf
spots in Aloe vera caused by No. 9, Nigrosp-
ora oryzae in China. Plant Disease, 97, 1256.

18
Vol.04. No.1 DOI: 10.14456/ssstj.2017.2



Available online at http://www.ssstj.sci.ssru.ac.th

Suan Sunandha Science and Technology Journal
©2017 Faculty of Science and Technology, Suan Sunandha Rajabhat University

One-step Green Synthesis of Chitosan-Silver Nanoparticles

Wuttichai Phae-ngam®, Kheamrutai Thamaphat**",

Fueangfahkan Chutrakulwong®®, Chutima Oopathump*
'Department of Physics, Faculty of Science and Technology, Phranakhon Rajabhat University, Bangkhen, Bangkok 10220, Thailand
2Green Synthesis and Application Laboratory, Department of Physics, Faculty of Science, King Mongkut’s University of Technology
Thonburi, Bangmod, Bangkok 10140, Thailand
Applied Science and Engineering for Social Solution, King Mongkut’s University of Technology Thonburi,
Bangmod, Bangkok 10140, Thailand
“Division of Physics, Faculty of Science and Technology, Rajamangala University of Technology Krungthep,
Sathorn, Bangkok 10120, Thailand

Corresponding author E-mail: *5903607@yah00.c0m

Abstract: In this work, the silver nanoparticles (AgNPs) were successfully synthesized using chitosan derived
from shrimp shells through a simple and eco-friendly method called the green synthesis. The chitosan not only
acted as the reducing agent for Ag®, but also stabilized the AgNPs to protect nanoparticles from aggregation.
The as-synthesized colloidal chitosan-AgNPs was yellowish-brown color with a maximum absorption
wavelength at approximately 434 nm. The size and shape, and crystal structure of AgNPs were characterized by
transmission electron microscopy and X-ray diffraction spectrometry, respectively. The results indicated that
the AgNPs was spherical particles with a diameter of 23.5 = 0.6 nm. The XRD pattern peaked at different
diffraction angles corresponding to the (111), (200), (220), and (311) planes indicated that AgNPs had face-

centered cubic (fcc) structure.

Keywords: Green synthesis, Silver nanoparticles, Chitosan, Biopolymer.

1. Introduction

In recent years, nanotechnology has been
developed rapidly for widespread applications in
various fields of science and technology including
applied physics, materials science, chemistry,
biology, electrical engineering, and mechanical
engineering (Roy et al., 2013). Nanotechnology,
which is multidisciplinary subject, divided into
three main areas: nanobiotechnology,
nanoelectronics, and nanomaterials. Nanomaterials
research is a fundamental field of nanotechnology
for the development of materials for supporting
nanobiotechnology and nanoelectronics researches
(Das and Mitra, 2014).

Nanomaterials, materials with structure in
nanoscale ranging from 1-100 nm, regularly show
unique properties in electronic, catalytic, optical,
magnetic, physical, chemical and biological
characteristics compared to their macro scale
counterparts (Abou El-nour et al., 2010; Kshirsagar
et al., 2011; Sharma et al., 2009). Consequently,
the size-controllable synthesis of nanomaterials to
obtain the specific property is an area of special
scientific interest. Many researchers have attempted
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continually to synthesize noble metal nanoparticles
for application in technological and environmental
challenges in the areas of nanoelectronic devices,
catalysis, medicine, consumer products and water
treatment (Ahamed, 2010; Sharma et al., 2009).
Among various metal nanoparticles, the silver
nanoparticles (AgNPs) are the most extensively
interesting metal nanoparticles because of their
distinctive properties such as superior electrical
conductivity, optical property, oxidative catalytic
and antibacterial activity (Kassaee et al. 2008;
Sharma et al., 2009). The chemical reduction is the
most commonly approach for the synthesis of
colloidal AgNPs dispersed in water or organic
solvents. It is the reduction of silver ions (Ag®) in
aqueous solution to the formation of silver atoms
(Ag°) following with agglomeration into clusters
and eventual growth into AgNPs using a reducing
agent. A number of reports in the literature typically
use sodium borohydride, sodium citrate, ascorbate,
elemental hydrogen and ammonia as the reducing
agent (Alarcon et al., 2015; Song et al., 2009;
Szczepanowicz et al., 2010). Unfortunately, they are
hazardous chemicals, low material conversions, high
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energy requirements, difficult and wasteful
purifications (Veerasamy et al., 2011).

Nowadays, the green chemistry or sustainable
chemistry based on the usage of environmentally
friendly materials and the development of eco-
friendly processes has played an important role in
many researches and developments. Three main
steps based on green chemistry perspective are
selection of solvent medium, selection of
environmentally benign reducing agent, and
selection of nontoxic substance for AgNPs stability
(Abou El-nour et al., 2010; Sharma et al., 2009).
Among many natural products, biopolymers, which
can be acted as reducing agent and capping agent
simultaneously, are the extreme interesting
substances for the generation of polymer-AgNPs
composites because of their potential application in
numerous areas such as antibacterial packaging,
drug delivery, sensor and actuator (Cheviron et al.,
2014; Pandey et al., 2012; Yang et al., 2014).

Chitosan is a product of deacetylation of chitin,
which is the second most abundant natural
polysaccharide after cellulose. The production of
chitin and chitosan is currently based on crab and
shrimp shells (Kumar, 2000). Chitosan, a novel
biopolymer, is nontoxic, biodegradable, biofunctional,
biocompatible and antimicrobial material. Therefore,
the aim of this work is to  present a low cost, easy,
rapid and environmentally benign method for the
preparation of AgNPs using chitosan as both the
reducing agent and the capping agent.

2. Materials and Methods
2.1 Preparation of chitosan solution

High molecular weight chitosan flakes with a
degree of deacetylation of 90% derived from
shrimp shells were provided by Seafresh Chitosan
(Lab) Company Limited, Thailand. The chitosan
powder was dissolved in 2%(v/v) acetic acid at
room temperature for 12 h to achieve 1%(w/v)
chitosan solution.
2.2 Synthesis of chitosan-silver nanoparticles

For the synthesis of the chitosan-AgNPs, the
silver nitrate (AgNO;) used as a source of Ag* was
purchased from POCH. A stock solution of 52 mM
AgNO; solution 15 ml of 52 mM was added into 30
ml of 1 %(w/v) chitosan solution and stirred
vigorously for 1 h. Then, the homogeneous solution
was heated at 121 °C and 15 psi for 15 min in an
autoclave. After heat treatment, the solution color,
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absorption spectrum, AgNP size and morphology,
and crystal structure were investigated. The
characterization methods were described as
follows.
2.3 Optical and physical characterization of
chitosan-silver nanoparticles

The colloidal chitosan-AgNPs prepared in
previous section was collected to investigate
localized surface plasmon property using UV-vis
spectrometer (Avantes AvaSpec-2048). In order to
investigate the AgNP size and shape, the sample
was dropped on a carbon-coated copper grid and
monitored by transmission electron microscope
(JEOL JEM-2100) operating at an accelerating
voltage of 200 kV. For the examination of AgNPs
crystal structure, the sample was prepared by drop
casting on a silicon (100) wafer to obtain a thick
film of the AgNPs colloid and subsequent drying in
the air ambient conditions. The X-ray diffraction
(XRD) patterns of the as-synthesized AgNPs was
carried out using a D8 Advance Bruker Analytical
X-ray system with a monochromatic Cu Ko
radiation (A = 1.54 A) operating at 40 kV and 40
mA.

3. Results and Discussion

661

=

() (®)
Figure 1. Photographs of the colloidal chitosan-
AgNPs: (a) before and (b) after heat treatments.

From experiment, the solution color was changed
from light yellow (color of chitosan solution) to
yellowish-brown after heating at 121 °C for 15
min as illustrated in Figure 1. This color change
phenomenon indicated that Ag+ was reduced to
Ag’. Then, the silver atoms agglomerated into
oligomeric clusters and eventually formed AgNPs
(Sharma et al., 2009). The formation of AgNPs
was supported by appearance of a single plasmon
peak at the wavelength of 434 nm as shown in
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Figure 2. Moreover, the plasmon band was not
changed during keeping colloidal chitosan-AgNPs
at the room temperature. It indicated that the highly
stable AgNPs was produced.

434 nm

Absorbance (a.u.)

05

T T T T T T T T T T T T T T T T T T T 1
350 400 450 500 550 600 650 700 750 800 850
Wavelength (nm)

Figure 2. Surface plasmon resonance characteristic
of the colloidal chitosan-AgNPs.

Figure 3. TEM image of the AgNPs prepared using
chitosan as a reducing agent and capping agent
through green method.

From TEM image as shown in Figure 3, it
indicated that the as-synthesized AgNPs are mainly
spherical shape. Their particle sizes were
determined using the ImageJ Program. It revealed
that the average particle diameter of the as-
synthesized AgNPs was 23.5 + 0.6 nm (Figure 4).
Furthermore, the selected area electron diffraction
(SAED) patterns in Figure 5 exhibits a set of rings
suggesting that the AgNPs are polycrystalline in
nature corresponding to the XRD patterns as
illustrated in Figure 6.
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Figure 4. Particle size distribution of the AgNPs
prepared using chitosan as a reducing agent and
capping agent through green method.

2 1/nm

Figure 5. SAED patterns of the colloidal chitosan-
AgNPs show several lattice fringes corresponding
to the (111), (200), (220) and (311) planes.

From Figure 6, it showed a good agreement with
the JCPDF file No. 04-0783. The sharp diffraction
peaks appeared at the angles of 37°, 44° 64° and
77° corresponding to the (111), (200), (220) and
(311) facets of silver with face centered cubic (fcc)
crystal structure, respectively. From all results, they
confirmed that the method presented herein can be
the effective approach for the synthesis of AgNPs.
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Figure 6. XRD patterns of the colloidal chitosan-
AgNPs.

The obtained colloidal chitosan-AgNPs can be
further used to fabricate chitosan-AgNPs composite
film by casting method as shown in Figure 7.

A A ALY

T
I’iKl\

Figure 7. Example of the chitosan-AgNPs
composite transparent film fabricated by casting
method on the glass plate.

4. Conclusions

Chitosan from bio-waste can be used as a
reducing agent and capping agent in the synthesis
process of nanoscale silver particles without adding
other chemical substances. Due to the characteristic
of optical property of AgNPs called as surface
plasmon resonance, the colloidal chitosan-AgNPs
and chitosan-AgNPs composite thin film could be
applied as a colorimetric sensor in many areas such
as food and beverage, environment, and
agriculture.
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