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4 4   DATA ANAYSIS
4.1 Calculation of Moisture Content

The moisture content (w/w wet basis) was calculated using the equation 4.1.

                                    4.1

Where,

The wet basis moisture content was converted to dry basis using the equation 4.2.

            4.2

Where,

The average initial moisture content was found to be 0.5844 (w/w wet basis) and

calculated dry basis moisture contents of cinnamon chips at different temperatures

are mentioned in Table 5.1.
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The rate of drying was calculated using the equation 4.3.

4.3

Where,

4.2 Gas Chromatography and Mass Spectrometer Analysis

The extracted cinnamon bark oil samples were analysed to identify the volatile

organic compounds by the method of Gas-Chromatography and Mass-Spectrometer

(GC-MS) analysis. Figure 4.1 depicts the chromatogram of the cinnamon bark oil

hydro distilled from cinnamon chips which were dried using air at 35 °C condition

(Trial  1).  Gas  chromatograms  of  cinnamon  oil  at  different  drying  temperatures  are

shown in Appendix A. The volatile organic compounds which were indicated as a

peak in gas chromatograms were identified by matching with the recorded mass

spectra from the National Institute of Standards and Technology (NIST08. LIB)

libraries data provided by the software of the GC-MS systems, whose spectra most

closely resemble with the submitted component spectrum. Li, et al., (2013) identified

the volatile organic compounds using the libraries of National Institute of Standards

and  Technology  (NIST05.  LIB),  provided  by  the  software  of  the  GC-MS  systems.

The submitted spectrum is commonly originated from a GC/MS data file, where it

can be a single mass spectral scan or an average.
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Appendix B represents the comparison of the standard and mass spectra of different

volatile organic compounds in cinnamon bark oil obtained in the current study. Each

search produces a “hit list” of library spectra, which was ordered by similarity to the

target spectrum according to a computed “match factor”. Ideally, this quantity should

reflect  the  likelihood  that  the  user  and  reference  spectrum  arose  from  the  same

compound. Quantitative analyses of each essential oil component were carried out by

a peak area normalization measurement. Relative content percentage was calculated

as the area corresponding to each component with regards to the total area of the

chromatogram. Gas chromatogram data sheets at different drying temperatures are

represented in Appendix C. Table 5.2 summarizes the relative content (%) of volatile
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Retention time
(min)

Volatile organic compounds in
cinnamon bark oil

3.115 p-xylene

3.409 styrene

5.257 Benzene,1,2,3-trimethyl

5.487 α-phellandrene

5.93 p-cymene

6.049 β-phellandrene

7.718 linalool

9.372 benzenepropanal

9.78 terpinen-4-ol

10.888 cinnamaldehyde

12.234 cinnamaldehyde-E

14.478 eugenol

16.098 caryophyllene

16.667 cinnamyl acetate

18.747 2-methoxy- cinnamaldehyde

23.987 benzyl benzoate

Figure 4.1: Chromatogram of cinnamon bark oil (35 °C temperature -Trial 1)
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organic compounds of cinnamon bark oil at five air drying temperatures (ambient, 35

°C, 40 °C, 45 °C and 50 °C).

4.3 Statistical Analysis

Statistics is a mathematical tool for quantitative analysis of data, and as such it serves

as the means by which we extract useful information from data. Statistical analyses

are a critical component of research.

One way - analysis of variance (ANOVA) test and principal component analysis

(PCA) test in IBM SPSS statistics 19 statistical software were used to assess the

significance of the differences among the samples dried at different air drying

temperatures.

4.3.1 One way ANOVA

Analysis of variance (ANOVA) is a statistical test for detecting differences in group

means when there is one parametric dependent variable and one or more independent

variables. The ANOVA procedure can be used correctly if the following conditions

are satisfied. The dependent variable should be of the type either interval data or ratio

data. Interval data type means, the differences of two scale of measured variable are

same. Ratio data type means, size of one scale of measured variable has half, twice or

three times than other scale. The populations should be approximately normally

distributed. The population variances should be equal (homogeneity of variances) and

the observations are all independent of one another. Post-Hoc multiple comparison

procedures (eg: Student-Newman-Keuls (SNK) and etc.) are used to determine which

means are significantly different, if there are more than two treatments (Gaur & Gaur,

2009).

4.3.1.1 Performing the ANOVA with SPSS

One way ANOVA was used to compare the group means of five dying temperatures.

By referring Table 5.2, temperature intervals (ambient, 35 °C, 40 °C, 45 °C and 50
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°C) and 16 volatile organic compounds of cinnamon bark oil were considered as

independent variable and dependent variables respectively. Null Hypothesis (H0:

μambient=  μ35=  μ40=  μ45=  μ50, μ represents mean temperature), alternative hypothesis

(H1: not H0) and α level (α = 0.05) were defined.

An assessment  of  the  normality  and  homogeneity  of  data  was  a  prerequisite  for  one

way ANOVA test. The significance value (Sig.) in Levene’s F test, greater than 0.05

means that homogeneity of variances (variances of each independent group are

similar) can be achieved. If the Levene's F statistic is less than 0.05 (significant), the

variances of each independent group are not similar and the significant differences

between groups are determined using Welch test instead of ANOVA table. If the

significance value is less than 0.05, then there are statistically significant differences

between groups. There are two main methods of assessing the normality; graphically

and numerically. Shapiro-Wilk test was applied for verifying the normality of data set.

It  is  more  appropriate  for  small  sample  sizes  (<  50  samples)  but  can  also  handle

sample  sizes  as  large  as  2000.  If  the  Significance  value  of  the  Shapiro-Wilk  test  is

greater than 0.05 then the data is normal and if not, then the data significantly deviate

from  a  normal  distribution.  In  order  to  determine  normality  graphically,  output  of  a

normal Q-Q (quantile-quantile) plot can be used. This plot compares each point in

data set to where those points would be in an idealized (calculate expected normal

values),  perfectly  normal  distribution  with  the  same mean and  standard  deviation  as

data set. If the data are normally distributed then the data points will be close to the

diagonal line. If the data points stray from the line in an obvious non-linear fashion

then the data are not normally distributed (Ho, 2006).

One way ANOVA in IBM SPSS statistics 19 was applied for analyzing the effect of

drying temperatures (ambient, 35 °C, 40 °C, 45 °C and 50 °C) on these 16 volatile

organic compounds of cinnamon bark oil separately (Refer Appendix D-Figure D.1 &

D.2). Mean, standard deviation and average standard error were calculated for five

drying temperatures of volatile organic compounds of cinnamon bark oil, using one

way ANOVA. Range of minimum and maximum values were obtained to provide an

overall indication of the level of variations manifested by the drying temperatures.
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Verification of homogeneity and normality for data set was achieved. The flow chart

for applying ANOVA using SPSS software is given in Figure 4.2.

Figure 4.2: Flow chart of ANOVA procedure in SPSS software

Relative content % of cinnamon
bark oil components

at different drying temperatures

Define null hypothesis,
alternative hypothesis & α level

Identify independent & dependent
variables

Do ANOVA to
check significance of

group means

Do Welch test to
check significance of

group means

Yes

Do Levene’s  F
test to check
homogeneity

Do Shapiro-Wilk
test to check

normality

Yes NoIs
Sig > 0.05

Yes

Is
Sig > 0.05

Is
Sig < 0.05

Yes

Is
Sig < 0.05

Do ANOVA with SNK test
to compare means
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In  ANOVA  table,  F-ratio  is  MST/MSE  and  Sig.  is  the  significance  level  for  the  F-

ratio. If the significance value less than 0.0005 means that F-ratio is highly significant.

In SPSS software, this significance value is mentioned to three digits as 0.000 and it is

not actually zero. The mean square for between groups gives the mean square of each

source of variance, is often called “Mean Square Treatment”, or MST.  The mean

square for within groups is often called “Mean Square Error”, or MSE. Each mean

square is the relevant sum of squares divided by its degrees of freedom (df).

Student-Newman-Keuls (SNK) test was used to compare means of drying

temperatures (ambient, 35 °C, 40 °C, 45 °C and 50 °C). The means of temperature

groups were divided into homogeneous subsets that were statistically significantly

different from each other. If two groups appear in the same column, then those groups

are not significantly different.

The coefficients of variation (RSD or %RSD) for these five drying temperatures were

determined by the ratio of standard deviation to the mean.

4.3.2 Principal component analysis (PCA)

The central idea of principal component analysis (PCA) is to reduce the

dimensionality of a data set consisting of a large number of interrelated variables,

while retaining as much as possible of the variation present in the data set. The goals

of PCA are to (a) extract the most important information from the data table, (b)

compress the size of the data set by keeping only this important information, (c)

simplify  the  description  of  the  data  set,  and  (d)  analyze  the  structure  of  the

observations  and  the  variables.  In  order  to  achieve  these  goals,  PCA  computes  new

variables called principal components which are obtained as linear combinations of

the original variables. The assumptions underlying PCA can be classified as statistical

(normality and linearity) and conceptual (homogeneity) (Jolliffe, 2002).

The complete set of data in Table 5.2 was subjected to principal component analysis

(PCA) using the varimax rotation method (Refer Appendix D- Figure D.3). This

analysis was done for identifying the interrelated variables. Correlations between

Clic
k h

ere
 to

 buy

A
BB

YY PDF Transformer 2.0

www.ABBYY.com
Clic

k h
ere

 to
 buy

A
BB

YY PDF Transformer 2.0

www.ABBYY.com

http://en.wikipedia.org/wiki/Coefficient_of_variation
http://www.abbyy.com/buy
http://www.abbyy.com/buy


37

volatile organic compounds of cinnamon bark oil & principal components (PCs) and

explained variance % & cumulative variance % of principal components were

calculated. Explained variance % of principal components was the percentage

variance of each and every PC divided by total variance. For a good principal

component solution, a particular volatile organic compound should load high

correlation value on one principal component and low correlation values on all other

principal components in the rotated component matrix. In case if a volatile organic

compound has high correlation on more than one principal component, it may be

wanted to drop from the analyses. Correlation value > 0.6 was considered as relevant

for that principal component and the value may be positively or negatively signed.

The Principal component plots were plotted using principal component scores for four

replicates of each drying temperatures.
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