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Abstract: This paper presents the non destructive and qualitative discrimination, classification and 
identification of Assam black tea (Camellia Sinesis (L.) O. Kuntze) with their aroma compounds using a new 
and ultra fast gas chromatograph (UFGC) analyzer. Eight different varieties of Assam black tea were 
discriminated by using their aroma profile by recording the frequency spectra of surface acoustic wave (SAW) 
sensor. The result demonstrates the power of gas chromatography to discriminate the seasonal variety tea 
samples of same origin. Principal Component Analysis is used to visualize the data variation. Standard normal 
variate (SNV) transformation is applied as a preprocessing method, to remove the slope variation of the data. 
The multivariate data analysis method, Soft Independent Modeling of Class Analogy (SIMCA) is used to 
construct the classification models, which works with the individual PCA model for each group of tea samples. 
SIMCA provides the samples belong to the same class or more than one classes. The classification Accuracy 
with SIMCA model is 100 % except for the samples E and F, which shows some overlapping in Cooman’s plot. 
The overall result demonstrates that, frequency spectra by zNose, incorporated with suitable pattern recognition 
methods can be applied as a rapid and efficient method to identify the Assam black tea varieties of same origin. 
Copyright © 2015 IFSA Publishing, S. L. 
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1. Introduction 
 

Tea is the world’s most popular beverage 
consumed by the people after the water. India is one 
of the largest producers of tea. Assam and Himalayan 
region in India are two most popular area of tea 
production. Assam tea is best for it tea-taste and 
Himalayan tea is best in their tea-aroma with the tea 
taste. Assam tea is named due to the region of its 

production, i.e. Assam, in India. There are mainly 
four types of tea available as green tea, oolong tea, 
black tea and white tea. The processing of black tea is 
in steps. First step is plucking the tea leafs, after 
plucking the tea leafs; they are collectively processed 
by withering process. The plucking of tea leaf is an 
art and after experiencing, one can pluck tea leaves, 
this gives the quality after final tea product. Two leaf 
(tender shoots) and a bud is plucked. After withering 
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process, it is passes to fermentation process after 
rolling. Fermentation is done at 25 oC to 28 oC at  
90 % relative humidity. Drying is started after 
withering the tea. The drying is done to reduce the 
moisture level up to 3 %. Shorting and grading is 
done by tea tasters, which are experts’ human panel, 
before marketing the final tea. Tea is liked by the 
people not only for its taste but also for its aroma. 
Tea contains the polyphones, catechins and 
flavenoids. Thus the combined effect gives various 
health benefits. It increases the alertness and reduces 
the cholesterol, obesity and the possibility of cancer 
[1]. The major black tea catechins are Epicatechin 
(EC), Epicatechin gallate (ECG), Epigallocatechin 
(EGC), Epigallocatechin gallate (EGCG) etc. Tea 
also contains certain amount of caffeine and tannin. 
The volatile substances of tea leaves are due to the 
tea flavor and aroma. The aroma of tea is because of 
thousands of flavor and aroma compounds present in 
trace amounts. All volatile or aromatic featured 
substances are not present in the fresh tea leaves. 
Many are present in the tea leaves and many more 
comes during the tea processing. This is very 
complex to identify. Some volatile compound are 
linalool, linalool oxide, geraniol, nerolidol, 
benzaldehyde, methyl salicylate, and phenyl ethanol 
and trans-2-hexenal, n-hexanal, cis-3-hexenol, and 
beta-ionone [2]. One of the most important flavored 
components. Linalool is identified for quality 
estimation with quartz crystal microbalance (QCM) 
sensor [3]. There are various research and 
identification of volatile odors methods using the gas 
sensors with different gas sensors array. The 
differential electronic nose is also applied for 
cigarette odor discrimination [4]. Earlier GC-MS 
system are only option for the identification and used 
for quality estimation. For small applications the GC-
MS like costly system are not always required and 
suggested [5]. The HPLC system and UV-Vis 
spectrophotometer are also used for the catechins 
identification of tea samples with electrochemical 
interpretation in terms of impedometric analysis 
using multi electrode system [6]. In this research 
work the Assam tea is classified with their tea aroma 
profiles capture with the gas chromatograph 
incorporated with pattern recognition technique. Tea 
has been graded by the human tasters and 
accordingly the tea prices are fixed. This is accepted 
by many years. Tea has its own color, tastes and 
aromas, these depends on their origins. The tea 
classification is dependent on the different types of 
tea processing methods. Tea is analyzed by their 
liquor and also by their leaf color, infusion, 
brightness etc. there are many-many instruments, 
which are used for the qualitative and quantitative 
analysis. The Gas chromatography and mass 
spectrometry (GC/MS) are very accurate for 
quantification of smells than the human taster’s panel 
[7]. Human tasters are not supposed to work or 
senses hazardous, toxic, and explosive chemical 
odors [8]. For the assessment of tea aroma profile, 
ultra fast GC analyzer system is used for the safe and 

fast data acquisition. The applied fast GC system also 
known as zNose (an advance electronic nose  
(E-nose), embedded with surface acoustic wave 
(SAW) sensor), from electronic sensor technology of 
model number 7100. This can be used to discriminate 
the samples in higher accuracies that cannot be easily 
achieved by an electronic nose or tongue [9]. 
Therefore the tea aroma can be differentiated by 
measuring simple changes in the velocity, frequency, 
amplitude or phase of the acoustic wave [10]. zNose 
is incorporated with Surface Acoustic Wave (SAW) 
sensor based on microelectromechanical system 
(MEMS) technology and having SAW Quartz 
microbalance detector. It uses Helium (He) as a 
carrier gas. It can analyze vapors in 10 seconds for 
many compounds and detects hydrocarbons in the 
range of C6 – C14. The zNose is a very fast and 
accurate GC system that can identify the vapors as 
low as parts-per-trillion in concentrations5. The 
ability of frequency data obtained by zNose is 
explained here for the classification accuracy, by 
means of feature extraction and classification model, 
such as SNV, PCA and SIMCA modeling. SNV is 
used as the data preprocessing technique, it removes 
the slope variations in the data; PCA is used to create 
an independent class model for the SIMCA 
classification and validation model. 
 
 
2. Experimental 
 
2.1. Tea Samples 
 

Eight variety of Assam black tea (Camellia 
Sinesis (L.) O. Kuntze) are processed during two 
different harvesting seasons. First crop is prepared in 
March and the second crop is ready in the rainy 
season i.e.; in July to October from two leaves and a 
bud of tea plant. These tea varieties are provided by 
Council of Scientific and Industrial Research (CSIR)-
North East Institute of Science and Technology 
(NEIST), Jorhat, an esteemed laboratory of CSIR, it 
is an oldest and the largest tea research station of Tea 
Research Association (TRA), India. The eight 
varieties of tea samples are A, B, C, D, E, F, G and H 
are analyzed. Samples A, B followed by samples E 
and F are fairly good tea. Tea samples C and D are 
quite attractive in make and style and samples G and 
H are given the overall less score comparatively from 
all other tea samples. F is the best quality tea among 
all, according to the tea tasters. 
 
 
2.2. Non Destructive Method 

 
zNose is an ultra fast gas chromatograph system 

(model number 7100, Electronic Sensor Technology, 
Newbury Park, USA Part No. SYS7100C6 (DB-624 
Column)) equipped with Surface Acoustic Wave 
(SAW) Quartz microbalance detector. It gives the 
frequency output according the vapor it absorbs via a 
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capillary column. This column can work up to 200 oC 
depending upon the sample and method required. 
Operating temperature is 0 to 40 oC and the relative 
humidity is 0 – 95 % non-condensing. The system is 
calibrated with the standard alkane solution from C6 
to C14 hydrocarbon solution. The response time is  
10 second to 20 seconds for any odor after passing 
through the column; it depends on the measurement 
method. The z nose works with Helium (He), as a 
carrier gas. For suction a Stainless steel LUER inlet 
port with 50 oC to 200 oC is attached. As the odor 
passes via capillary column, more volatile vapor 

passes first, followed by less volatile ones. These 
odors are absorbed by the quartz crystal and therefore 
frequency changes accordingly and data is being 
recorded with the MicroSense software. The retention 
time vs. alkane number is shown in the Table 1. The 
analysis is done for 10 seconds of each sample with 
the zNose parameters, where Sensor temp. 60oC, 
Column temp. 40 oC, valve temp. 140 oC, ramp  
160 at 10.0 deg/sec with sensor no. 802 at  
499.700 MHz turnover freq. of sensor. The inlet 
temperature is kept at 200 oC and trap is used at  
300 oC with 3.0 ccm column flow rate [11]. 

 
 

Table 1. Retention Time vs. Alkane Number. 
 

Alkane Number C6 C7 C8 C9 C10 C11 C12 C13 C14 
Retention Time 1.40 2.46 4.04 5.98 8.10 10.30 12.50 14.64 16.74 

 
 
2.3. Tea Sample Preparation for zNose 

Analysis 
 

To study the Assam tea aroma profile, with gas 
chromatography system, we have taken 10 gm tea 
samples in the glass bottle of 100 ml capacity. Five 
replicas from each variety tea are prepared for the 
analysis. Total 40 samples are prepared for the 
chromatographic analysis. All nondestructive tea 
samples are placed inside an environmental chamber 
(ESPEC Corp., made in Japan ser. No. 92005210) for 
two hours to collect the tea aroma headspace in a 
larger amount for proper odor collection by the 
zNose system. After that the samples are taken out at 
room temperature for 30 minutes. The experiments 
were done with the 5 cm bent needle inserted through 
the vial septa into the glass bottle for tea aroma 
suction and a 6’ inch straight needle is also inserted 
for fresh air passes to the bottom of the tea samples 
and proper odor suction by inlet pump of zNose. The 
z nose data acquisition is started for 10 seconds of 
inlet and the system is switched on. The data 
recoding is performed for 10 seconds. 
 
 

2.4. Data Analysis 
 

2.4.1. Data Preprocessing 
 

Frequency data is captured using saw sensor of 
zNose and the integrated software, ‘MicroSense5_44’, 
with the ultra fast gas chromatograph (UFGC) system 
i.e. zNose. The Savitzki Golay method is used for 
taking the first derivative spectra followed by the 
base line correction is applied to the frequency data. 
SNV is applied on the derivative data and the final 
data is used for the SIMCA analysis. The standard 
normal variate (SNV) is used as a data preprocessing 
method. SNV is measured by the relation, Z=(X-µ)/σ, 
where Z is a Standard Normal Variate, X is normal 
variate , µ is mean and σ is the standard 
deviation .The Unscrambler X 10.2 software version 

is used as a statistical tool for the data analysis. After 
preprocessing the data, principal component analysis 
(PCA) is used to create the PCA model for each 
group of samples. Therefore, eight PCA model is 
created for eight groups of samples, because it is the 
preliminary stage for SIMCA analysis. SIMCA 
analysis needs the individual PCA model for samples 
identification. Membership limit gives the impression 
of significance level. 
 
 
2.4.2. Soft Independent Modeling of Class 

Analogy (SIMCA) 
 

SIMCA is a method of supervised data 
classification. It has the training data set for the 
creating initial PCA model. In SIMCA modeling, the 
number of PCA model is equal to the number of 
group of samples, because each group needs to create 
its PCA model for making the SIMCA model. 
Residual standard deviation is used as a measure of 
critical distance for classification. New observation 
or data sample is projected into each PC model and 
their residual distance is calculated. If the residual 
distance from the model is below their statistical limit 
the sample is defined of that class. And If the residual 
variance is high, then the sample does not belong to 
that group This measure may belong to more than 
one class in this modeling [12]. A SIMCA model 
(Cooman’s plot) is given by the Fig. 1. 
 
 
3. Results and Discussion 
 

Volatile flavor components constitute just 0.01– 
0.02 % from the total dry weight, where most of the 
aromatic samples contain higher percentage of 
volatile constituents than black tea. SIMCA is a 
supervised method of classification, because it has 
the class information to build the model. The soft 
means that the sample may belongs to more than a 
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single class. SIMCA analysis gives various aspects of 
the sample analysis. Cooman’s plot gives the 
information of two groups of samples in different 
area or line of pairs, i.e., Cooman’s plot gives the 
information about sample distance to model. Plot 
‘Si/So vs. Hi’ is the plot between ‘leverage and 
sample distance to model’. Cooman’s plot gives the 
classification between samples in a strong manner 
that, each sample has its own region. Cooman’s plot 
is shown in Fig. 1 for samples classification. 
 
 

 
 

Fig. 1. Analogy of SIMCA Modeling (Cooman's Plot). 
 
 
3.1.1. Derivative Spectral Response of Tea 

Samples 
 

The frequency data is taken using zNose for  
10 seconds. The Derivative data is used for the 
analysis. First derivative spectra and SNV processed 
data plot in shown in Fig. 2. SNV method eliminated 
the slope variations in the spectral data. SNV is 
mainly applied for the spectroscopic data, it 
smoothen the data by centering and scaling each 
spectrum and also adjust the baseline shift and 
multicollinearity along with the detrending. It is a 
noise removal preprocessing and gives better form of 
the data in a way that the data is clearly representable 
for classification problems. 
 
 
3.1.2. Principal component Analysis (PCA) 
 

To identify the data variation in chromatographic 
data, PCA is performed for the score plot data 
visualization. PCA is a dimensionality reduction 
technique for large variables data sets. PCA 
eliminates the redundant data from the large data and 
retains the valuable data variables for the data or 
sample discrimination. The principal component 
analysis is done on the Assam tea GC data and is 
given in Fig. 3. 

Tea tasters are scored as F is the best tea and tea 
samples A and B are fairly good followed by samples 
E and F. the samples C and D are of good make and 
style. Sample G and H having fewer score to other 
tea samples. some of the features is well defined by 
the score plot, which an unsupervised method of 
sample discrimination. The score plot of PC1 vs. PC2 

and PC1 vs. PC3 identified the samples A and B very 
close to each other and samples E and F are also 
close to each other. The sample C and D are 
somewhere different with samples A, B, E and F. 
sample G and H are not well defined but having the 
clusters in their own regions. Therefore the SIMCA 
model is applied for group identification because 
SIMCA classification uses the individual PCA model 
for each group of samples. 
 

 
 

Fig. 2. Assam Tea Gas Chromatograph Data Plot. 
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(a) 

 
(b) 

 
Fig. 3. PCA score plot of aroma data of Assam tea; 

(a) PC1-PC2, (b) PC1-PC3. 
 
 

3.2. Classification of Samples by SIMCA 
 

3.2.1. Cooman’s Model 
 

The supervised classification method is used to 
create the classification model for identification of 
Assam tea aroma samples. in this research work, the 
aroma samples are used to make the individual PCA 
model for each group of tea samples. SIMCA uses 
the independent PCA model of individual group 
samples. Cooman’s plot gives the visualization of 

sample distance to each individual model. The 
samples are clearly classified in this analysis. The 
Assam tea aroma samples of group A, B, C, D, G and 
H are well differentiated with each other as given in 
Fig. 4. The tea samples of group E and group F have 
some overlapping features according to this analysis, 
therefore, these two groups of samples have some 
common aroma features. The Cooman’s plot between 
B to other groups and C to other groups and so on, 
are also well separated from each other. 

 
 

(a) 
 

(b) 
 

 
(c) 

 
(d) 

Fig. 4 (a-d). Cooman’s Plot between different groups of Samples,  
(a) A-B, (b) A-C, (c) A-D, (d) A-E. 
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(e) 
 

 
(f) 

 
(g) 

 

 
(h) 

 
Fig. 4 (d-h). Cooman’s Plot between different groups of Samples,  

(e) A-F, (f) A-G, (g) A–H (h) E-F. 
 
 

3.2.2. Si/So vs. Hi Model 
 

This common nature is also reflecting in the other 
SIMCA analysis plot in Fig. 5. This is ‘Si/So vs. Hi’ 
model, where, Si, is the sample-to-model distance, So, 
is membership limit and Hi, is sample leverage. In 
this model a single group should belong in between 
the two lines of pairs, if other samples are present in 
this area, means, it will also belongs to that group. 
Here the samples F is identified successfully but 
samples form group E is also showing their presence 
in this area, therefore samples from group E having 
the aroma nature of group F. 

 
 

3.2.3. Modeling Power 
 

The contribution of variables to creating the 
model gives the idea about the modeling power. If 
the modeling power of variable should be near to one 
to make a model. The modeling power should be 
greater than 0.3 for successful SIMCA model. The 
Modeling power, graph plot is given below in Fig. 6. 
This model has much more numbers of variables 

having modeling power greater than 0.3 as shown in 
the Fig. 5. The SIMCA model giving the best 
classification results with different other 
preprocessing techniques and according to the tea 
taster’s scores this method is showing best 
classification and identification for different tea 
samples. 
 
 

 
 

Fig. 5. Si/S0 vs. Hi. 



Sensors & Transducers, Vol. 186, Issue 3, March 2015, pp. 104-111 

 110

 
 

Fig. 6. Modeling Power Graph Plot of Assam Tea Samples A, B, C, D, E, F, G and H. 

 
 
4. Conclusions 
 

The overall result demonstrated that the aroma 
data of Assam tea samples by zNose coupled with the 
suitable pattern recognition is high potential to 
discriminate the samples with non destructive 
method. There are eight variety of Assam tea samples 
were analyzed in this research work. The frequency 
of saw sensor is recorded and first derivative is 
performed on the baseline corrected data. Therefore 
derivative data is preprocessed with SNV technique 
and further analyzed by creating the individual PCA 
model of each group. These PCA model is used to 
make the SIMCA model for group identification for 
each variety of tea samples. The identification of tea 
samples with zNose using the tea aroma is a very fast 
and very accurate method; therefore UFGC method 
can be integrated with the electronic tongue and 
vision system for faster assessment of tea quality and 
control the tea quality for the production in the tea 
automation industries. Integrating this nondestructive 
zNose model with all the chemical methods and 
sensory panel for tea quality assessment, this method 
gives considerable improvement to the tea quality 
monitoring and control for the tea Industries. 
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