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AN OVERVIEW OF SITRA’S R&D

WORK AND SERVICES - 2015-16

This year was a landmark year for SITRA, with the 
completion of 60 years of its establshment. The 
Inaugural function of the Diamond Jubilee 
celebrations was held in January 2016 and a series 
of other activities have been lined up as part of the 
annual celebrations. 
achieved in its work and services to the industry 
during the last 6 decades has been largely due to 
the excellent response and encouragement from 
member organisations as well as the support from 
the Ministry of Textiles, through grants towards 
recurring expenditure and sponsorship for 
research studies.

Efforts were directed during the year towards 
optimum utilization of the facilities that have been 
created during the last 60 years and to consolidate 
them.  Overall, it has been a fruitful and rewarding 
year for SITRA with progress and achievement in 
almost all spheres of its activity. 

 During the year, SITRA was working on as many as 
37 projects, of which 9  were completed.

The membership of SITRA at the close of the 
financial year stood at 179, comprising 235 units 
which included spinning mills, composite mills, fibre 
and machinery manufacturers, etc. Besides, 48 
small scale textile units also availed services under 
the Technical Service Card holder category. The 
needs of the powerloom and knitting sectors were 
being attended to through various service centres 
established at different locations of Tamilnadu.  

The financial position of SITRA continued to be 
stable during the year with a decent surplus of 
income over expenditure.

Towards establishing standards -(“SITRA 
STATISTICS”) exclusively for Indian mills and to 
create guideline values for fibre and yarn 
relationship characteristics, SITRA undertook an  
inter-mill survey of yarn quality. An exclusive portal 
was created for receiving the data from mills online 
for this survey. Till date, data have been received 
from 75 mills which have been interpolated 
statistically for participant mills to view changes in 
the moving average value of results, based on 
optimum  levels  of  participation.  With  more  mills 
continuing to register for the survey, a better 

Whatever success SITRA has 

The highlights of the research findings and work 
done in different areas are given below: 

CONVERSION OF FIBRE TO YARN 

approximation of the standards is expected. It is 
planned to publish the “SITRA Statistical Survey” 
book based on the results, every alternate year.

The study on the influence of pre-opening process 
in a carding machine on fibre quality attempted to 
study the influence of three parameters - lap linear 
density (GSM), licker-in speed (rpm) and the card 
throughput rate (kg/hr) that could influence fibre 
damages in the licker-in zone and  the extent of 
influence of these damages on the quality of output 
card sliver. 

The study on the quality attributes of Indian and 
imported polyester fibres and their relative 
advantages on fabric dyeability revealed that there 
was a better depth of shade in fabrics made using 
imported polyester fibres which is attributed to the 
higher amorphous regions in these fibres as 
compared to their Indian counterparts.

An attempt was made to identify the nature of 
changes in fibre characteristics; particularly fibre 
length and its distribution, fibre strength and 
elongation during drafting in cotton spinning.  Also, 
the factors contributing to the above changes 
during drafting were studied. The study revealed 
that apron spacing was the most significant 
amongst all parameters in contributing towards 
fibre breakages, with closer apron settings leading 
to a rise in short fibre content.

The influence of rotor diameter on the quality 
attributes of open end yarns made using P/C blends 
was studied. OE yarns made using 42 mm rotor dia 
were found to exhibit lower yarn to metal friction (ì) 
and about 6% higher yarn abrasion as compared to 
that of yarns made with 36 mm rotor dia.  The yarns 
from 42 mm rotor dia. were also found to exhibit 
lower hairiness to the tune of 12% as compared to 
their 36 mm counterparts.

The influence of weave type of fabrics on their 
moisture management properties was studied 
using fabrics with 4 different weaves, viz plain, drill 
(3/1 Twill), Satin (5 end) and honey comb produced 
using 40s combed compact yarn. The moisture 
management properties of the conditioned fabric 
samples were determined according to AATCC 
195-2009 on a SDL Atlas Moisture Management 
Tester and converted into a numerical value on a 
five point grade scale.  The grades were utilised to 

CONVERSION OF YARN TO FABRIC



12 different counts and varieties of yarns for each 
of which, 5 mills and above had furnished the data 

st nd
in the 31  CPQ study, covering data for the 2  
quarter of 2015 (April-June).  Between mills, the 
conversion cost differed very widely in all the 
counts ranging from 25% to about 70%, the overall 
difference being high at about 45%. Item-wise 
conversion cost also showed an increasing trend 
as the counts became finer. Of the total conversion 
cost, power cost was found to be the single largest 
component with a share of 40% followed by the 
salaries and wages cost (20%) and interest cost 

th
(13%).  The depreciation cost stood at 4  place 
(12%) followed by the stores and packing materials 
cost (9%) and the administrative overheads (6%) 

st
In the 31  Costs, Operational Performance and 
Yarn quality : Inter-mill study of key factors, for the 
period April-June 2015, a comparison was made 
with respect to 8 costs and operational parameters 

th
against the last study (30  study). Based on the 
deviations in the average values, relative changes 
in the individual mill's performance was identified 
with respect to the 94 mills which had participated 

th st
in both the studies (30  and 31 ). 

In the 2nd quarter of 2015, mills on the whole did 
not register any change in the contribution when 
compared to the corresponding quarter of 2014  
The yarn sale value registered a huge fall of         
Rs 2,520 per spindle per year (by 9%) in the 2nd 
quarter of 2015 which was mainly because of drop 
in yarn selling prices. Morever, two other major 
input costs viz. power cost and salaries and wages 
cost put together recorded a significant increase of 
Rs 530 per spindle per year.  Nevertheless, the 
substantial drop in the raw material cost (by Rs 
3,080 per spindle per year) more or less offset the 
drop in the sale value and increase in the SWC and 
power cost.  The above clearly shows that the mills 
on the whole could not take advantage of the lower 
raw material cost.  It is also interesting to note that 
the commercial performance registered by the 
mills between 2014 and 2015 is entirely different 
from that recorded by them between 2013 and 
2014.

A new study has been initiated to develop 
normalization factors for energy consumption in 
weaving for assessing specif ic energy 
consumption (SEC), similar to the one already 
developed for spinning that has been accepted and 
used by the Bureau of Energy Efficiency (BEE) 
throughout India for all designated consumers in 
the textile sector under the PAT scheme. The 

ENERGY MANAGEMENT
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categorise the fabrics into 7 categories based on 
their moisture management properties namely, 
a)Water proof fabric, b) Water repellent fabric; c) 
Slow absorbing & slow drying fabric  d) Fast 
absorbing & slow drying fabric e)  Fast absorbing & 
quick drying fabric; f) Water penetration fabric and 
g) Moisture management fabric.

A study attempted to find out how fabrics made out 
of Bt- cottons respond to resin finishing in 
comparison with fabrics made out of Non Bt-
cottons. The crease recovery angle had increased 
by about 80% in warp way and around 60% in weft 
way in all the fabrics due to resin finishing with the 
extent of increase more or less same in Bt and Non-
Bt fabric specimens. Both Bt and non-BT 
specimens exhibited higher bending length as 
compared to untreated fabrics by about 10%.  The 
tensile strength of fabrics got reduced in the case of 
non-Bt as well as Bt specimens. However, the 
extent of the strength reduction was of a higher 
order in the case of non-Bt fabrics.

The online survey of raw material cost and yarn 
selling price initiated in May 2013 has witnessed 34 
studies being completed so far. This online survey 
provides a built-in database supported queries in 
the web portal, using which a participant mill can 
access the count-wise data quickly without going 
through the voluminous survey report. Besides the 
above, trends in the movement of average YSP, 
RMC and NOV between months are also uploaded 
every month.  As many as 80 mills from different 
parts of the country have been participating in the 
study every month. The study  covers data relating 
to around 250 different counts (ranging from below 
10s to over 120s) and varieties of yarns (carded, 
combed, hosiery, compact, doubled, high twist, slub 
etc.), predominantly cotton counts.  The major 
parameters studied include Yarn selling price,  Raw 
material cost,  Net output value, Techno-
commercial index, Overall Techno-commercial 
Index, Conversion cost,  Raw material cost as a % 
of Yarn selling price; Yarn realisation  and 
Production/spindle. 

st
In the 31  study, a new parameter viz. OTCI was 
introduced with which the participant mills can 
monitor their overal l  techno-commercial 
performance every month, taking into account all 
the counts that are furnished by them in the online 
surveys. Between mills, the OTCI varied widely 
from as high as 124 to a low of 80.  

In the fifth inter-mill study on “fibre to yarn 
conversion cost”, a detailed analysis was  made for 

OPERATIONAL STUDIES
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proposed study also aims to fix standards for 
energy efficiency in weaving.

An attempt was made, based on the request of a 
supplier, to dye nylon mono-filament using 
Haematin Black natural dye and suggest a project 
plan for bulk production of Nylon dyed sutures. On 
the basis of the results, interpreted according to 
ISO 10993-5:2009 (E), it was clear that the dyed 
nylon thread is considered as non-cytotoxic and 
found capable of being used for sutures.

Under request from the Tamilnadu Water 
Investment Company Limited, SITRA conducted 
two differerent door to door surveys of textile 
processing units - one in South India and the other 
at Bangladesh. The idea behind the survey in South 
India was to explore the possibilities of establishing 
textile parks and / or Common Effluent Treatment 
Plants (CETP) with a view to tackle the pollution 
related issues of the textile processing industry and 
to promote a sustainable business environment 
under the “Integrated Processing Development 
Scheme (IPDS)” initiated by the Ministry of Textiles, 
Government of India.  The survey at Bangladesh 
was initiated by the International Finance 
Corporation (IFC) which is a part of the World Bank 
with a view to establish “Zero Liquid Discharge” 
system in the effluent treatment plants of textile 
processing units at Konabari textile cluster.  
Overall, SITRA surveyed 168 units in South India 
(Erode, Bhavani, Perundurai, Komarapalayam, 
Pallipalayam, Chennimalai and Rasipuram textile 
clusters) and 28 units in Bangladesh.   It was 
observed from the survey that majority of the units 
in Bangladesh were Composite ones consisting of 
Spinning, Weaving, knitting, Wet Processing and 
also garment making. The Bangladesh textile 
industry was found to be fairly organized than their 
Indian counterparts in terms of the technologies 
and the capacities for production of garments.

In a new study, an attempt was being made to 
replace metal mordants with natural mordants for 
the colouration of natural dyes on cotton and wool 
substrates.  Metal mordants which have been used 
extensively till now are considered toxic, hazardous 
to environment and involve complicated 
procedures, while natural mordants that are 
available from different natural resources have 
better performance and also possess the functional 
antibacterial property. It is hoped that the results of 
this work will lead to a greater commercial success 
for the colouration of baby wear materials and 
socks materials mainly in the decentralized sector.
Another new study was initiated to explore the inter-

CHEMICAL PROCESSING

relationship between fibre micronaire, maturity co-
efficient, fluorescence value, colour grade, 
convolutions per inch, honey dew content and wax 
content of various cotton varieties and their 
individual and combined effect on the dyeing 
behaviour of amongst a variety of imported and 
Indian cotton varieties with a wide range length, 
fluorescence value, colour grade (Rd & +b values), 
maturity co-efficient, etc. 

Under a project sponsored by the Science and 
Engineering Research Board, Department of 
Science and Technology, New Delhi, an attempt 
was made to study the efficiency of self assembled 
peptide (SAP) hydrogel, as a bio device for 
delivering growth factor (GF) for chronic wound 
healing where angiogenesis (the process of new 
blood capillary formation from pre-existing vessels) 
is a critical requirement for its healing. 
Recombinant human PDGF – BB is used due to the 
presence of the following properties which are 
required for the stimulation of angiogensis: a) act as 
an angiogenic promoter, b) initiates EC 
proliferation, c) elongation and reorientation, d) 
transforming their morphology to the highly 
ordered, elongated phenotype of cells lining the 
inner surface of blood vessels.

An attempt was made to develop a pH sensitive 
composite polyvinyl alcohol film with halochromic 
natural extract from the edible produce (EP), 
investigate its halochromic behavior at different pH 
levels and to characterize the film to identify the 
functional group in it that is responsible for the  
halochromic behavior.  It was observed that since 
PVA and EP are both biomaterials, the PVA/ EP 
composite can be used as a pH sensor for 
biomedical applications. 

In another study, Sodium alginate membrane 
(SAM) and sodium alginate-Aquarium plant (SA-
AP) biocomposite membranes were prepared and 
studied for their antimicrobial and wound healing 
activities so as to be used for biomedical 
applications.

An ideal wound-dressing material should maintain 
a moist environment at the wound interface, allow 
gaseous exchange, act as a barrier to 
microorganisms, and remove excess exudates. 
Bacterial cellulose (BC) is proven to be 
biocompatible with living tissues. But BC itself has 
poor antibacterial property which is crucial to 
prevent wound infection during the wound healing. 
So various synthetic antimicrobial agents are being 
added and they are very effective and also give a 

MEDICAL TEXTILES
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durable effect on textiles. But they do have 
associated side effects and action on non-target 
microorganisms. To address this issue, a study was 
carried out to use plants possessing antimicrobial 
properties and biologically characterize the 
bacterial cellulose  extracted from them.  The BC 
coated with N1 extract showed antibacterial activity 
against both Gram positive and Gram negative 
bacteria; whereas the H1 coated BC showed the 
activity against Gram positive alone. The water 
holding capacity of BC was also found to be high.  
The dried BC film (treated with N1 and H1) was also 
found to be non haemolytic when compared to 
dried BC (untreated). 

Keratin, belonging to the family of fibrous structural 
proteins, protects epithelial cells from damage and 
holds the epithelial cell together. The key structural 
material making up the outer layer of human skin, is 
also a part of hairs and nails and provides the 
necessary strength. A study was carried out to 
develop a keratin based wound healing substrate 
that could heal the wound in a more effective way.  
FTIR results showed the presence of amino groups 
and primary, secondary and tertiary amines which 
confirmed the presence of proteins. Cytotoxicity 
test by MTT assay protocol revealed that keratin 
biomaterial is not cytotoxic and promotes cell 
proliferation. 

Chemotherapeutic agents either administered 
alone or in combination with surgery and radiation 
are currently the most effective method for the 
treatment of metastatic cancer as it produces the 
highest survival and cure rates. The possibility of 
using self assembled peptide based biomaterial for 
the sustained delivery of chemotherapeutic drugs 
used in the treatment of ovarian and breast cancers 
was therefore attempted. Initial results have been 
encouraging.

Chicken egg shell and its membranes are 
inexpensive and abundant waste materials which 
exhibit interesting properties like moisture 
retention, biodegradability and bacterial filtration.  
The microbial filtration efficiency of Egg Sheel 
Membrane (ESM) was evaluated and the 
possibility for tissue engineering application was 
explored with specific emphasis on the growth of 
skin cells. Microbial filtration of ESM studied by 
Bacterial Filtration Efficiency (BFE) showed 
filtration efficiency of 30 % and wet penetration 
method showed no penetration of microbes across 
the shell membrane. ESM stored in different 
storage temperatures for different time periods 
were observed for structural changes using FE-
SEM and found absence of changes in its structure. 
Biocompatibility study results showed increased 
cell proliferation in autoclaved membrane;  the 

fibrous nature of ESM provided favourable 
conditions for the growth of fibroblast cells.

In an attempt to prepare cellulose nano crystal films 
for external hemorrhage applications, cellulose 
material was oxidized on the surface of the fibre. 
The oxidized cellulose surface plays an important 
role in blood coagulation.  FT-IR spectra of the 
cellulose nanocrystals were prepared by using 
different acid concentrations; all of which were 
found to give similar spectral patterns. Results also 
indicated that the moisture content in each of the 
samples differed. 

An attempt was made to explore the possibility of 
using poly diethyl acryl amide and poly diethanol 
acryl amide for drug delivery application by grafting 
them on cellulose nano crystals by free radical 
polymerization reaction. The initial results were 
found to be encouraging.

Towards separation of oil from water, an attempt 
was made to coat oil on the cellulose fibres and 
study their physical and chemical characteristics by 
using commercially available catalysis.  The fatty 
acids were isolated from vegetable oil through the 
saponification reaction. The alkylation on wood 
pulp were confirmed by FTIR spectroscopy. 

It is important to measure the fluid handling 
capacity of a dressing before opting for the specific 
material to be used for a wound care dressing. In 
the absence of an instrument in India to assess the 
fluid handling capacity characteristics, SITRA has 
intended to develop an indigenous instrument for 
achieving the purpose.  Initial work in this regard 
has been completed.

One of the important quality requirements of a 
medical face mask is its blood penetration 
resistance performance in a manner representing 
actual use as it might occur when the face mask is 
contacted by a high velocity stream of blood from a 
punctured blood vessel. At present, instruments to 
assess this characteristic of medical face masks 
are not indigenously manufactured. The present 
project aims to address this issue. Procurement of 
components required for fabrication and 
preparation of synthetic blood were completed. 
Fabrication of the testing instrument is in 
progress.

Under a project sponsored by the Ministry of 
Textiles, Govt. of India, an attempt was made to 
develop Ultra High Molecular Weight Polyethylene 
(UHMWPE) yarn braided l igaments for 
reconstruction of the Anterior Cruciate Ligament 
(ACL). ACL is one of a pair of cruciate ligaments in 
the human knee which can tear due to excessive 



usage, like in the case of sportsmen; thus affecting 
one's walking motion fully or create discomfort 
while walking. 

In a quest for finding an alternative route of drug 
administration which would help overcome, if not 
all, at least most of the disadvantages of both 
parenteral and oral routes of drug administration, a 
study was initiated to develop nanoparticle 
transdermal patches of selected cardiovascular 
drugs.  This is to combine nanotechnology with 
transdermal patches to enhance the rate of drug 
delivery. It is hoped that the study in finding a 
substitute to oral and parenteral routes can help to 
manage patients with cardiovascular disorders and 
decrease morbidity and mortality.

CONSULTANCY SERVICES

Under specific requests from mills, SITRA attended 
to consultancy assignments on wide areas of 
specialisation. It is gratifying to note that the 
requests for consultancy services have been 
consistent from the mills in recent years. During the 
year, around 70 consultancy assignments sought 
by member mills and 241 non-members were 
attended to.

TESTING AND CALIBRATION SERVICES  

SITRA’s physical, chemical and biological 
laboratories have been accredited by NABL for ISO 
/ IEC - 17025 for the various fibre, yarn and fabric 
samples tested for their properties. Several mills 
exporting yarns are seeking SITRA test reports with 
NABL logo which provides an assurance of quality 
of the product. The year witnessed 67308 samples 
of fibre, yarn and fabric being tested for their 
physical, chemical and biological properties.

During the year, 444 calibration certificates were 
issued, in addition to 3 performance certificates to 
63 mills, for testing of quality control instruments. 
Testing the quality of spinning and weaving 
accessories / spares in order to select the right 
quality is another service being offered by SITRA. A 
total of 2,395 samples covering various 
accessories like carton boxes, paper cones, rings 

To further improve the testing service, aimed at 
providing test results to the mills on a fast track, 
SITRA’s physical testing laboratories have started 
functioning in two shifts from last year. This 
measure has helped in  quickening the testing 
process by reducing the turnaround time to process 
a request.

and travellers, tubes, kraft papers, paper cores, 
worm & worm gear wheel, ring spinning spindles, 
cots, partition pad, etc., were tested. 

TRAINING 

During 2015-16, SITRA conducted 12 different 
training programmes that were attended by 591 

personnel in the supervisory and managerial 
cadres. Also, 455 operatives had undergone 
training during the year on right methods of working 
in textile mills for effective performance. Around 
300 persons were trained under the ISDS of 
Ministry of Textiles, Government of India while 1028 
persons were trained by the CoE-Meditech.

NABL  ASSESSOR EMPANELMENT

NABL has empaneled the Heads of the Physics and 
Chemistry divisions as assessors for mechanical 
and chemical testing respectively.

SERVICES TO DECENTRALISED SECTOR

The services of the 7 powerloom service centres 
(PSC) in Tamil Nadu, managed by SITRA, were 
extensively used by the various units under their 
jurisdictional cover of the service centre. A total of 
38,222 samples comprising of yarn and fabrics 
were tested and 709 persons were trained in the 
areas of loom maintenance, operation of 
shuttleless looms, calculation of fabric production, 
etc. The PSCs had also attended to 617 
consultancy assignments and created 680 designs.

SIGNING OF MOUs

During the year, SITRA signed MoUs with the 
following agencies
 

- Korea Apparel Testing & Research Institute 
(KATRI), South  Korea for an agreed 
cooperation in a) sharing information and 
technology for testing, inspection, audit and 
certification and b) develop cooperative 
projects and forward them on the principles of 
mutual respect and good faith.

- Department of Space, Government of India for 
a) the establishment at SITRA, of a Tricot Warp 
Knitting facility for producing gold plated 
molybdenum wire mesh to be used for 
unfurlable space antennas and b) for regular 
supply of these meshes to ISAC, Bengaluru.
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ITMA visit 

Director and three staff members visited ITMA 2015 
exhibition held in Milan, Italy during the month of 
November, 2015. 

The fruitful visit was translated into a research 
report benefitting member mills which elucidated 
the various developments observed at the 
exhibition.

PUBLICATIONS

During the year, SITRA brought out 31 publications 
which included 4 research / inter-mill study reports, 
3 trends, 12 online reports, 6 focus and 6 SITRA 
news publication. SITRA scientists published 4 
papers in various technical journals and presented 
10 papers in conferences and seminars.
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ORGANISATION

Table 1   Region-wise membership

       Region Spinning Composite  Fibre manufacturers, Machinery   Total

mills mills       manufacturers and others

SITRA zone 129 19  4 152

Other States  16 7 2 25

Overseas  1 1  - 2

Total members 146 27 6 179

Total units 182 47 6 235

MEMBERSHIP

The membership of SITRA has shown a small 
decrease during the year. While 5 new mills 
enrolled as members, 8 full members and 8 
associate members relinquished their membership 
due to poor operating profits.

SITRA is pleased to extend a warm welcome to the 
following 5 mills which enroled as members during 
the year. 

1)  Jai Sakthi Mills, Pollachi.

2)  Marudhamalai Sri Dhandapani.

  Spinning Mills, Coimbatore.

3)  NKCM Spinners Pvt. Ltd., Coimbatore.

4)  Seyadu Spinning mills, Tirunelveli.

5)  Tradeline Enterprises Pvt Ltd., 
     Kancheepuram.

The total membership of SITRA now stands at 179, 
comprising of 235 units (Table 1) as against 195 
members and 250 units last year. SITRA's services 
were also utilised by 48 small mills under the 
Technical Service Card holders category. In all, 283 
units have access to SITRA's services, apart from 
many small units in the decentralised sector which 
utilised the services offered by 7 Powerloom 
Service Centres, one Textile Service Centre and 4 
CAD Centres. 
 
FINANCE

The financial position of SITRA continued to be 
healthy during the year with the income registering 
a surplus of 8.22% over net expenditure. The   

recurring expenditure of SITRA during the year 
after appropriation from reserves was Rs 886.13 
lakhs. The total income, including the grants from 
the Ministry of Textiles, was Rs 958.99 lakhs.

SPONSORED PROJECTS

During the year under review, SITRA undertook 4 
sponsored research projects, 3 of which were 
sponsored by the Ministry of Textiles (MoT), 
Government of India and 1 project sponsored by 
the Department of Science and Technology, 
Government of India.

Work relating to the following DST project is making 
good progress and is planned to be completed this 
year :

1. Development of self assembled peptide 
hydrogel based bioactive dressing material for 
chronic wounds.

During the year, the Ministry of Textiles  sanctioned 
grants for the following 3 projects :

1. Design & fabrication of an instrument to 
evaluate resistance of face mask to penetration 
by high velocity of blood from a punctured 
wound

2. Design & fabrication of an instrument to 
evaluate characteristics of fluid handling 
capacity of wound care dressings

3. Development of a Heat & Moisture Exchange 
filter

Work relating to the above projects have been 
initiated and are making good progress.

7



The Ministry also sanctioned grants for 3 more 
projects towards the end of the financial year which 
are listed below.  Work relating to these projects will 
be taken up during the ensuing financial year.

1. Development of indigenous viral barrier fabric

2. Development of nanoparticle based trans- 
dermal patches of selected cardiovascular 
drugs

3. Development of a Anterior Cruciate Ligaments 
(ACL) using textile matrices

MACHINERY AND EQUIPMENT

Equiping its laboratories and pilot plants with the 
state-of-the-art machinery / instruments is an 
ongoing process every year. During the year 2015-
16, some major machinery/equipment to the tune of 

close to Rs.1 crore were acquired  which include, 
Single fibre denier tester from Lenzing Instruments, 
Fiber analysis knitter sampler from Lawson Hemphill, 
Combodata DXT for CSP system, Hand-held power & 
harmonic analyser, DO Meter, PH/EC meter, Equitron 
Fully automatic autoclave, Hot air universal oven, Dry 
bacterial penetration tester and Nitrogen 
concentrator.

STAFF

The staff strength of SITRA, which was 118 during last 
year, has witnessed a small increase to 120. The year 
witnessed the retirement of senior staff in a couple of 
departments.  With the sustained need for enhancing 
its services, consultancy and training programmes, 
necessary replacements were made by the 
recruitment of new  persons.  The staff strength of the 
PSCs stood at 42 during the year, against 41 last year.

8

Annual Report 2015 - 16



9

RESEARCH AND DEVELOPMENT

FIBRE SCIENCE

CONVERSION OF FIBRE TO YARN 

 

SITRA STATISTICS ON YARN QUALITY : 
A SURVEY BY SITRA

With the objective to create benchmarks for yarn 
quality exclusively for Indian mills and to establish a 
relationship between fibre and yarn quality 
characteristics, SITRA has commenced a survey 
and has started receiving data from mills.

Based on a preliminary study that was carried out 
last year covering 41 mills, an analysis of data was 
carried out using an external statistical consultant. 
Based on the results, it was decided to go in for a 
larger sample in a real-time online survey towards 
arriving at  meaningful conclusions. 

An exclusive web portal was created for receiving 
the data online which was officially launched on 

th
December 30, 2015 during the 56  Joint 
Technological Conference.  Data based on the test 
reports furnished on the online portal is being  
analysed using a customized statistical software.  
Mills interested in participating in the survey can 
create an exclusive login and start furnishing 
information.  Participating mills will be able to view 
changes in the moving average value of results that 
get uploaded at stipulated intervals when the 
number of participating mills reach an optimum 
level. 

So far, data has been received from more than 75 
mills and participation from more mills are expected  
in the forthcoming months.

It is planned to publish “The SITRA STATISTICAL 
survey book” every alternate year using the data 
received.

INFLUENCE OF PRE-OPENING PROCESS IN A 
CARDING MACHINE ON FIBRE QUALITY

An investigation to study  the contribution of the 
licker-in zone was carried out with specific 
objectives of understanding a) the parameter/s that 
may be responsible for the fibre damages in this 
zone and b) the extent of damages that are 
reflected in the output card sliver. The effects of the 
three factors - lap linear density (GSM), licker-in 
speed (rpm) and the card throughput rate (kg/hr) on 
the extent of fibre damage in the licker-in zone have 
been studied in detail. Two cottons, Suvin and 

Shankar 6, which vary widely in f ibre 
characteristics, were considered for the study. The 
cotton varieties were characterized using Uster HVI 
and Uster AFIS testers.

Laps with two different linear densities (350 GSM 
and 450 GSM) were prepared for both cotton 
varieties. Appropriate number of opening and 
cleaning points was employed in the blow room for 
preparing the laps. Slivers of Ne 0.15 hank were 
produced from both the cotton varieties at three 
different licker-in speeds and at three production 
rates, at both lap linear densities. 

In order to assess the fibre quality, i.e. the length, 
short fibre content and nep count per gram, the 
Uster AFIS tester was used. Input lap, fibres 
collected from the licker-in and the output sliver 
quality were studied.  Before commencing the 
study, the feed plate to licker-in setting was 
optimised individually for the two cottons .  

Effect of licker-in speed on fibre mean length    
L (n)

Fibre length parameters showed a substantial 
deterioration after the cotton fibres were acted upon 
by the licker-in, compared with the feed lap for both 
cotton varieties. For Suvin, a reduction of fibre 
mean length by as much as 25% was observed 
during the pre-opening process in the licker-in 
zone. 

As with Suvin, the results with Shankar 6 also 
reveal that the fibre mean length was significantly 
reduced as compared to the feed material (by 17 to 
27%) in fibres collected from licker-in.

Effect of licker-in speed on the Short Fibre 
Content SFC (n)

During the pre-opening process, an 
increase in the short fibre content – SFC (n) in the 
licker-in zone by about 75 % was observed for  
Suvin.  This observation, along with reductions in 
fibre mean lengths, reconfirm that fibre damages 
are indeed taking place in the licker-in zone. 

In the case of Shankar 6, the short fibre content 
increased between 55% to 90% in the licker-in zone 
as compared to that of the feed lap material. The 
results show that the short fibre contents were 
considerably lower at a licker-in speed of 1020 rpm 
with both the lap linear densities. 
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Effect of licker-in speed on nep count

Nep count in the material collected from the licker-
in zone increased by about 100% to 150% as 
compared to that in the feed material for Suvin.

When the licker-in speed was increased from 670 
to 900 rpm, irrespective of production rate (feed lap 
350 GSM), the nep count in the licker-in fibre 
showed a tendency to increase. Nep count 
increased by about 100% at production rates of 14 
& 21 kg/hr and by about 125% at 28 kg/ hr as 
compared with the feed material. It was also found 
that the nep count per gram with 450 GSM lap was 
marginally higher than that with the 350 GSM lap in 
the fibres from the licker-in.

For Shankar 6, the nep counts in fibres collected 
from the licker-in zone were considerably higher at 
more than 150% as compared to that of the feed 
lap. 

An important aspect was noticed for both the 
cottons when sliver nep count is considered. Nep 
count in slivers was lower at a licker-in speed of 780 
rpm for Suvin and 1020 rpm for Shankar 6, This is 
perhaps an indication that from the perspective of 
efficient fibre to fibre separation (nep removal), 
there is a certain optimum licker-in speed for every 
cotton, and is perhaps an independent aspect to be 
considered along with the f ibre length 
characteristics in identifying the appropriate licker-
in speed.

Effect of production rate on fibre mean length

When the production rate was increased from 14 to 
28 kg/hr, there was a reduction in mean fibre length 
L (n) by about 20% in the fibres collected from the 
licker-in, which is a substantial change. In the case 
of Shankar 6, the fibre mean length reduced 
between 15% and 25% in fibres collected from the 
licker-in zone. At  a licker-in speed of 1020 rpm, the 
mean length of fibres from licker-in increased, 
simultaneously with reductions in the fibre mean 
lengths in sliver and the production rate was 
increased from 14 to 28 kg/hr (at both lap linear 
densities.

Effect of production rate on the Short Fibre 
Content SFC (n)

For Suvin, at both lap linear densities, an increase 
in the production rate from 14 to 28 kg/hr showed a 
significant change in the SFC (n) in case of the 
fibres collected from licker-in (between 50% to 

80%). Short fibre content in sliver also increased 
with an increase in the production rate (at both lap 
linear densities) and was noticeably higher for the 
450 GSM lap. 

For Shankar 6, the short fibre content decreased as 
the production rate was increased, in the case of 
the fibres collected from the licker-in. The actual 
increase in short fibres was found to vary between 
50% and 65%. However, the short fibres in sliver 
showed a marginal increase as the production was 
increased, at both lap linear densities. Between the 
two lap linear densities used, with the 450 GSM lap, 
the short fibres in slivers were noticeably higher at 
comparable production rates.

Effect of production rate on the nep count

For Suvin, the nep counts in the fibres from licker-in 
showed more than 100% increase when compared 
to the feed lap. When the card production rate was 
increased from 14 to 28 kg/hr, there was a 
considerable increase in nep count in the card 
sliver. This trend was noticed at every licker-in 
speed. This is a clear evidence to the fact that nep 
removal efficiency of card would deteriorate at 
increasing production rates. 

In the case of Shankar 6, the nep counts in the 
fibres from licker-in zone increased by more than 
150% as compared to the feed material. As the 
production rate was increased, the nep generation 
reduced marginally. It was also observed that the 
nep generation in the licker-in zone was higher at 
the lower production rate of 14 kg/hr at both lap 
linear densities.

In the case of the card sliver, the nep count 
increased with an increase in the card production 
rate. Understandably, the fibre nep count in sliver 
was lower in Shankar 6 as compared to Suvin (extra 
long staple cotton).

The project has been completed.

STUDY ON QUALITY ATTRIBUTES OF INDIAN 
AND IMPORTED POLYESTER FIBRES AND 
YARNS MADE THEREOF 

SITRA has conducted a number of studies to 
assess the various facets of yarn & fabric 
characteristics made using the ring spinning 
system. However, details pertaining to quality 
attributes of imported polyester fibre and their 
relative advantages over fabric dyeability are 
scanty in literature. Hence, a study was carried out 
to generate relevant information in this area.
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Indian and imported polyester fibres, matched for 
their properties and were processed with MCU 5 
Cotton in 70/30 blend ratio. The major cotton quality 
attributes used for the above blending is given in 
Table 2.

Table 2   Quality attributes of cotton  in 
this study (MCU 5)

selected 

2.5 % Span  length (mm)  29.0

Micronaire value (µg/inch)  4 .0

Uniformity ratio (%)  46.5

Bundle strength (g/tex)  22.4

Fibre elongation %  5.2

64s P/C carded yarns were produced in SITRA's 
pilot mill. The major quality attributes of the P/C 
blended yarn samples are given in Table3.

Table 3   Quality attributes of yarns spun using Indian and imported polyester fibre  blended yarn- 
64sP/C

 

 

 

 

 

Yarn quality attributes  Indian  polyester  Imported  polyester  

1. Evenness (U%)  16.06  16.05  

2. Normal imperfections / km    

    - Thin  – 50%  147  272  

    - Thick +50% 632  839  

    -  Neps +200% 747  969  

     Total 1526  2080  

3. Extra sensitive imperfections / km    

    -  Thin – 40% 1113  1676  

    -  Thick +35% 2035  2485  

    -  Neps +140% 2373  3164  

     Total 5521  7325  

4. Hairiness value (H value)  3.48  3.45  

5. Rkm value (g/tex) 22.18  20.42  

6. Rkm CV%  14.05  15.88  

7. Elongation (%) 8.30  8.15  

8. Elongation CV(%)  13.42  13.54  

9. Yarn CSP 3277  2803  

 

1.0  Yarn imperfections
 
Yarns imperfections (thin places, thick places and 
neps) were estimated using UT5 instrument at 
normal sensitivity levels (thin places – 50%, thick 
places +50% and Neps +200%) and extra 
sensitivity levels (thin places – 40%, thick places 
+35% and Neps +140%). Normal imperfections as 
well as extra sensitive imperfections are lower in 
Indian polyester blended yarns as compared to  
imported polyester blended yarns by about 27%. 

The difference in imperfection values may be the 
due to surface non uniformity that was observed in  
imported polyester fibre surface while scanning by 
SEM. A separate study is required to study the 
influence of sliver cohesion and fibre crimp on the 
above fibres.
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Yarn structure using Scanning Electron  Microscope (SEM)

The structure of different polyester fibres are shown in Figure 1 (SEM images).

  

Indian polyester fibre
           

Imported polyester fibre
 

  

  

 

Figure 1  SEM images of imported and Indian polyester fibres

Single yarn strength 

P/C yarns made using Indian polyester exhibit 
higher strength values to the tune of 14% as 
compared to the imported polyester yarns.  This 
may be primarily attributed to the relatively higher 
level of crystallinity index in Indian polyester fibres.

Dyeing behavior

The yarn samples were knitted, scoured & dyed 
under identical conditions using Disperse Dianix 
Navy S2G in 1% depth for polyester component 
and Remazol Black B in 4% depth for cotton 
component. The dyed samples were tested for K/S 
v a l u e  ( s t r e n g t h  o f  d y e i n g )  u s i n g  
spectrophotometer.  The dyeing behavior of both 
the fabric samples made by using 64s P/C are 
given in Figure 2 and Figure 3 for two different 
colours.

Figure 2  Colour strength values in fabric 
samples knitted by using sample A (Indian 

polyester) and sample B (Imported polyester) for 
Navy blue colour.
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Figure 3   Colour strength values in fabric 
samples knitted by using sample A (Indian 

polyester) and sample B (Imported polyester) for 
pink colour.

The depth of shade is about 18% to 21% higher in 
the case of imported polyester as compared to that 
in the indigenous polyester samples for both the 
colours.

The higher depth of shade in articles made using 
imported polyester fibres may be attributed to the 
higher amorphous regions in these fibres.

AN INVESTIGATION INTO THE CHANGES IN 
FIBRE QUALITY DURING DRAFTING IN 
COTTON SPINNING 

An attempt has been made in the project to 
investigate the changes in the cotton fibre 
characteristics as a result of drafting. An emphasis 
is laid on identifying the nature of changes in fibre 
characteristics if any; particularly that of fibre length 
and its distribution, fibre strength and elongation 
and also on the factors contributing to the changes,  
during drafting. 

To assess changes in the fibre quality, the 
characteristics of fibres before and after drafting 
have to be determined. Any increase in the short 
fibre percentage in the output (drafted fleece) with 
respect to the input (roving) and/or changes in fibre 
strength & elongation can be ascribed to the fibre 
stresses due to drafting. Based on a study done last 
year, which showed that neither the spindle speed 
nor the main zone draft employed in the ring frame 
contribute to the fibre damages in the spinning 

process, the present study considered the following 
drafting parameters that can affect the quantum of 
drafting force experienced by the fibre : back zone 
setting, break draft and spacer size, while keeping 
the other parameters constant. 

The raw material, finisher drawing sliver and roving 
were tested in Uster AFIS Pro2 and HVI instrument 
under standard atmospheric conditions, using 
standard test  methods to estimate the fibre 
properties.  The material was processed by 
following a regular process sequence practiced in 
the spinning mill (combed process) and was 
converted into roving. The roving hank was 
maintained at 1.5 Ne. Trials were conducted on a 
pilot ring frame having a Suessen 3 over 3 double 
apron roller drafting system arrangement.

The ring spinning machine (48 spindles) was run for 
about half an hour for each trial in order to collect 
sufficient quantum of sample for testing. The 
drafted fleeces were simultaneously collected from 
all the spindles in the pneumafil suction unit, 
through the suction nozzles. The drafted fleece 
samples from the back zone and fully drafted fleece 
from the front zone were collected separately. All 
experiments were carried out in the following order: 
First, to optimise the back zone roller setting, 
samples were collected at five different back roller 
settings (with a break draft of 1.18 and with the 
widest available spacer of 7 mm).  This was 
followed by optimization of the break draft (6 
levels). Then, at the optimum back roller setting and 
break draft level, four different spacer sizes were 
tried. It is to be noted that in this study, optimum 
back zone roller setting and break draft values were 
arrived at based on the basis of fibre length 
characteristics (AFIS) and not based on yarn 
quality results.  

An increase in the UQL of cotton was observed 
from raw cotton to draw frame sliver (from 30.9 mm 
to 33.4 mm). This perhaps could be attributed to the 
straightening of the fibres (reduction in crimp) due 
to combing and drafting. Additionally, an indication 
of fibre length deterioration is seen from the roving 
process itself, where the UQL of roving dropped to 
31.9 mm (from 33.4 mm in D/F sliver). The short 
fibre percentage estimated on the basis of weight 
also increased from 3.4% to 4.8% (by number from 
9.8 to 13.0%) between draw frame sliver and 
roving. 

Influence of back zone roller setting

The fibre mean length reduction by weight and 
number to that of roving in the fully drafted fleece on 
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an average was about 5% and 9% respectively at 
various back zone roller settings. With an increase 
in the back zone roller setting from 55 mm to 75 
mm, the mean length does not change linearly and 
the difference at various roller settings is not 
significant. Also, there was no difference in the 
mean length between the back zone drafted fleece 
and the input roving. 

Similar to fibre mean length, the decrease in both 
the Upper Quartile Length (UQL) and AFIS 5% fibre 
length from the input roving to the fully drafted 
fleece was about 5 %. The short fibre percentage, 
increased with respect to roving in both weight and 
number based estimates. The increase was in the 
order of about 2.0% in weight based estimates and 
4.5 to 6.5% in number-based estimates (in absolute 
values), which is considered to be significant. The 
results indicate that the back zone setting of a 
drafting zone in the spinning machine does not 
contribute to the fibre breakage.

Influence of break draft

As the fibre length changes for various back zone 
settings were negligible, it was decided to maintain 
65 mm as the back zone setting for rest of the 
experiments. The break draft was varied from 1.08 
to 2.07 in 6 steps. For the break-drafted fleeces, as 
observed in the case with various back zone roller 
settings, there was hardly any change in the fibre 
mean length for an increase in the break-draft from 
1.08 to 2.07. However, at each level of break draft, 
fibre mean lengths were found to be less than that 
of the roving in the fully drafted fleece and the 
reduction is about 4-5% and 5-8% for fibre mean 
length by weight and number respectively. The 
trend indicates that the fibre breakages in the front 
zone (main draft zone) could be higher at lower 
break draft and vice versa.

At the same time, both the UQL and AFIS 5% length 
values for the fully drafted fleeces were less than 
that of roving by 4-5%. Here too, the trend indicates 
that both of these lengths are slightly better at 
higher break-drafts.

The short fibre percentage decreases (in terms of 
both weight and number) as the break-draft is 
increased. A decrease of 1% to 2.8 % in weight 
based estimates and 2.8% to 4.8% in number-
based estimates (absolute values) were observed. 
This confirms that fibre breakages in the main draft 
zone reduced when the break-draft is increased.

Influence of spacer size

Four different spacer sizes, 7.0 mm, 5.5 mm, 3.5 
mm and 2.5 mm, were used to adjust the nip 
opening between the top and bottom aprons in the 
study. The back zone setting was maintained at 65 
mm and the break-draft was maintained at 2.07 
(optimal values from previous experiments). When 
the spacer size was reduced from 7 mm to 2.5 mm, 
the mean length of fibre reduced by 6.5 % in weight 
based estimate and by 10 % in number based 
estimate when compared to roving. At the same 
time, the UQL and AFIS 5% length also reduced by 
3% to 5%. Significantly, the short fibre percentage 
increased by 3% by weight and 7% by number (in 
absolute values) in the drafted fleece compared to 
that of the roving when the spacer size was reduced 
from 7 mm to 2.5 mm.

The roving and the fully drafted fleece were also 
tested using a HVI tester to study the changes in 
fibre strength and elongation. Only minor changes 
were noticed in fibre strength and elongation, which 
were not significant.

The results establish that though modern drafting 
systems achieve a good yarn quality results, they 
do so with certain detrimental effect on the fibres. 

INFLUENCE OF ROTOR DIAMETER ON OE 
YARN QUALITY – AN INVESTIGATION

SITRA conducted a study to assess the influence of 
rotor diameter on the quality attributes of open end 
yarns made using P/C blends. In this connection, 
15s P/C yarns were made in OE spinning system 
using rotor dia of 36 mm and 42 mm. These yarns 
were evaluated for their quality characteristics.

OE yarns made using 42 mm rotor dia. have lower 
diameter as compared to that made using 36 mm 
rotor dia by about 6%.

In OE yarns, the centrifugal force acting on the yarn 
tail is given by

2
Centrifugal force              (  x D x N )   X  0.981

(g/tex)                               20,000

Where,        D  is the rotor diameter in mm   and   
                          N is the rotor speed in rpm

At a given rotor speed, when rotor dia. increases, 
the centrifugal force acting on the yarn tail 
increases. Due to higher centrifugal force, better 

p

 

=
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consolidation of fibres could be expected, which in 
turn would lead to lower yarn diameter.

In addition, the rotor yarn made using 42 mm rotor 
dia had relatively lower wrapper fibres. In OE yarns, 
the proportion of wrapper fibres is given by the 
equation,

% wrapper fibres

Where,    = 2.5% span length of fibres (mm)  used 
       for spinning   and

            D = rotor diameter in mm

As 'D' increases, the proportion of wrapper fibres 
in OE yarn will decrease.

OE yarn made using 42 mm rotor dia. exhibited 
lower yarn to metal friction (ì). This is attributed to a 
decrease in the area of contact between yarn & 
metal which is caused by the relatively lower 
diameter of the corresponding yarn.  OE yarns 
made using 42 mm rotor dia. had about 6% higher 
yarn abrasion as compared to that of yarns made 
with 36 mm rotor dia. 

OE yarn made using 42 mm rotor dia. exhibited 
lower hairiness to the tune of 12% as compared to 
OE yarn made using 36 mm rotor dia.  This is 
primarily attributed to the relatively lower extent of 
wrapper fibres in yarns made using 42 mm rotor 
dia.

l
p D

l

CONVERSION OF YARN TO FABRIC 

MOISTURE MANAGEMENT PROPERTIES OF 
COMPACT YARN FABRICS

A study was conducted at SITRA to assess the 
influence of type of weave of compact yarn fabrics 
on the moisture management properties.  Fabrics 
with 4 different weaves, viz. plain, drill (3/1 Twill), 
Satin (5 end) and honey comb were produced using 
40s compact yarn.

The moisture management properties of the 
conditioned fabric samples were determined 
according to AATCC 195-2009 on an SDL Atlas 
Moisture Management Tester.  The apparatus is 
based on the physical principle that the surface 
contact electrical resistance of a fabric changes 
with the content of a water based liquid solution 
near the surface.  The indices provided by the 
instruments were graded according to AATCC Test 
method 195-2009 and converted from a numerical 
value to a grade on a five point grade scale. 

The Overall Moisture Management Capability 
(OMMC) was calculated using the formula

OMMC = C1 x AR  + C  x R + C3 x SSb 2 b

Where AR  is the absorption rate (bottom surface)b

R is the one way transport capability SSb

is the spreading speed(bottom surface)
and 

C , C  & C  are system constants. 1 2 3

The system constants used in the formula were C  1

= 0.25, C  = 0.50 and C  = 0.25 based on human 2 3

perception studies in which the one-way transport 
capability was found to be twice as important as 
absorption rate and spreading speed. Depending 
on the grades obtained by different fabrics during 
moisture management testing, the fabrics were 
classified into 7 categories and details are given in 
Table 4.

S.No
 

Moisture  management grade
 

Classification of the 

fabric

1)

 

: Absorption 

 
: Spreading

 

: One Way Transport 

 

–

 

Very slow

 
–

 

Slow

 

–

 

No 

 

Water proof f abric

2)

 

: Absorption

 

: Spreading

 

: One

 

Way Transport

 

: Wetting 

 

–

 

No

 

–

 

No

 

–

 

Poor

 

–

 

No 

 

Water repellent f abric

3)

 

: Absorption 

 

: Spreading

 

: One Way Transport 

 

–

 

Slow

 

–

 

Slow

 

–

 

Poor 

 

Slow absorbing & 
slow drying f abric

4)

 

: Absorption 

 

: Spreading

 

: One Way Transport

 

: Wetting time

 

–

 

Medium t o Fast

–

 

Slow

 

–

 

Poor

 

–

 

Medium to Fast

Fast absorbing & 
slow drying f abric

5)

 

: Absorption

 

: Spreading

: One Way Transport

: Wetting time 

–

 

Medium to Fast

– Fast

– Poor

– Medium to Fast

Fast absorbing & 
quick drying fabric

6) : One Way Transport

: Spread ing Area

– Excellent

– Small

Water penetration 
fabric

7) : Absorption

: Spreading

: Spreading Area

: One Way Transport

: Wetting time 

– Medium to Fast

– Fast

– Large

– Good to Excellent

– Medium to Fast

Moisture 
management fabric 

Table 4  Fabric classification as per Moisture 
Management Grade

INFLUENCE OF RESIN TREATMENT ON THE 
QUALITY ATTRIBUTES OF BT-COTTON 
FABRICS

Resin finishing is widely used to impart wrinkle-
resistance to cotton fabrics and garments. 
Considerable loss in strength of the resin finished 
fabrics has been a major concern for the Industry.
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In one of the earlier studies conducted  by SITRA, it 
was found that Bt cottons were weaker as 
compared to their Non-Bt counterparts by 10% to 
15% in different length groups. As a continuation, a 
study was carried out to find out how fabrics made 
out of Bt- cottons respond to resin finishing in 
comparison with the fabrics made out of Non Bt-
cottons. The fibre properties of the two cottons (Bt 
and non-Bt) are given in Table 5.

Table 5  Quality attributes of non-Bt and 
Bt cottons (30s)

S.No.
 

Fibre quality attributes
 

Non -Bt
 

(SHS)  

Bt cotton

(SHT)

1
 

2
 

3

 4

 5

2.5% span length (mm)
 

Mic.
 

value (micro grams/inch)
 

Bundle strength (gms/tex)

 Crystalinity index (%)

 Degree of polymerisation

27.0
 

3.8
 

25.0

 78

 2800

27.5

4.3

22.0

62

2400

Two fabrics were woven using the yarns produced 
with Bt-cotton as well as Non Bt-cotton. Fabric 
constructional details are given in Table 6.

 Table 6  Fabric constructional details

S.No .
 

Cotton used for 

fabric formation

 

Ends/Inch
 

Picks /Inch
 

Warp count

(Ne)

Weft count

(Ne)

1

 

Bt cotton

 

66.0

 

61.0

 

30 30

2 Non Bt -cotton 66.0 61.0 30 30

The fabrics were washed, desized, scoured & 
bleached.  In the finishing formulation, a wetting 
agent was used to promote absorption of finish 
during the padding set-up.  The padding was done 
on a padding mangle and the pressure was 
adjusted for 100% expression. The samples, after 
curing, were subsequently washed with 5 g/l of 

0
Na CO , at 50 C for 5 minutes to remove the 2 3

unreacted chemicals. Then, the fabric samples 
were rinsed and air dried. 

Fabric samples were then padded, squeezed with a 
2 0

pressure of 3 kg/cm , dried at 100 C for 2 min 
0

followed by curing at 160 C for 4 min. The samples 
were washed and dried. The cured fabric samples 
(made out of Bt & Non-Bt Cottons) were evaluated 
for their performance after one washing & drying 
cycle to remove the unreacted reagents and the 
catalyst. A standard method was used to measure 
the conditioned crease recovery angle (AATCC66-
2014). 

Results revealed that the resin finishing had 
increased the crease recovery angle in both Bt and 
Non-Bt fabrics; by about 80% in the warp way and 
around 60% in the weft way.  

Treated fabrics were found stiffer as compared to 
non-treated fabrics in both Bt as well as Non Bt 
specimens.  Treated fabrics exhibited 10% higher 
bending length as compared to the untreated 
fabrics in both the cases. This is attributed to the 
accelerated catalytic reaction at high temperature. 
When the treated fabrics were dried during curing, 
the molecules present in the finishing agent would 
react with the cellulose surfaces and the reactivity is 
higher due to high temperature which gives rise to 
higher activation energy to both the hydroxyl 
groups of the substrate and the finishing agent. As 
the cross-links introduced between the hydroxyl 
groups were covalent bonds that held the cellulose 
molecules together, they would function as a 
swelling restraint. When the fibre cross sectional 
area increases and other factors remain constant, 
the stiffness will increase.

Due to resin finishing, the tensile strength of fabrics 
g o t  r e d u c e d  i n  t h e  c a s e  o f  n o n - B t  
as well as Bt specimens. However, the extent of  
strength reduction is of a higher order in the case of 
non-Bt fabrics. In non-Bt fabrics, due to finishing, 
the tensile strength got reduced by about 30% in 
warp way and about 15% in weft way. However, in 
Bt fabrics, the reduction is around 13% in warp way 
and around 8% in weft way. 

CHEMICAL PROCESSING 

DYEING OF NYLON SUTURES USING 
HAEMATIN BLACK (LOGWOOD EXTRACT) : A 
project sponsored by an industry

Haematin black dye supplied by an industry 
partner, M/s. Aurolab was used to dye 10-0 Nylon 
6,6 monofilament. The Nylon Monofilament was 
converted into a knitted fabric using FAK knitting 
machine.

A number of dyeing trials were carried out on the 
given FAK knitted fabric using Logwood extract 
using laboratory dyeing machines. Pre-mordanting 
and post-mordanting with metallic salts such as 
Copper sulphate, Alum, Sodium Di-chromate, 
Stannous chloride, etc.,  were tried. It was found 
that post mordanting with sodium dichromate gave 
the best results in the trials. 
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The following process sequence was followed:

Converting the nylon monofilament

 into FAK knitted fabric

0
Soaping at 80  C for 15 minutes

Hot wash

Cold wash

Prepare the dye solution separately with 

cold water followed by hot water

Set the dye bath to pH 4 to 5 using 

acetic acid and add the dye solution

Feed the sample and rise the 
0

temperature to 85  C

Run for 1 hour

Take out the sample, drain the dye

 liquor and do cold wash

In a fresh bath, feed the sample and set

 the pH 4 to 5 using acetic acid

Add 5 g/l of Sodium Dichromate
0

Rise the temperature to 60  C and run for 20 
minutes

0
Rise the temperature to 80  C and run 

for 1 hour

(The black colour develops during this period)

Take out the sample and do cold wash, rinse 
thoroughly

The sample is dried, unraveled into yarn and 
taken for analysis

 

 

 

 

 

 

 

 

 

 

 

 

 

The Nylon mono-filament dyed by SITRA and a 
reference imported suture yarn were viewed under 
microscope and also measured for the difference in 
colour using the computer colour matching system 

Gretag Macbeth 7000 A spectrophotometer and 
K/S graph comparison (Figure 4).

It was observed that the SITRA dyed nylon yarn 
was darker and uniform when compared to that of 
the reference yarn. It was also seen that the SITRA 
dyed yarn was free from Oligomer deposits.

 

Figure 4   K/S values of SITRA dyed sample and 
Reference sample

The dyed nylon mono-filament yarn was tested for 
the colour fastness to washing and perspiration and 
the results are given below:

Colour fastness to washing:
   -  Change in colour : 4 to 5
    -  Staining : 4 to 5

Colour fastness to perspiration
  -  Acidic : 4 to 5
    -  Alkaline : 4 to 5

The nylon mono-filament dyed by SITRA was 
tested for the extractable colouring matter and it 
was found that there is no colour intensity in the 
extraction. Hence, the nylon mono-filament dyed by 
SITRA has passed this test. 

The SITRA dyed mono-filament yarn was tested for 
the tensile strength and attachment strength and it 
was observed that it meets the requirements of U.S 
Pharmacopea. 

The SITRA dyed mono-filament yarn was also 
tested for the presence of Chromium content using 
Atomic Absorption Spectrometer and it was noted 
that the Haematin black dyed yarn was free from 
soluble Chromium content.
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EXTRACTION AND APPLICATION OF 
NATURAL TANNINS FOR IMPROVED ECO-
COLOURATION AND ANTIMICROBIAL 
PROPERTIES ON COTTON AND WOOL

Today, natural colorants are becoming more 
important for the textile colouration and are 
considered as non-toxic, non-hazardous, requiring 
a simple technology and relatively more eco-
friendly in nature as compared to most of the 
synthetic dyes which are petrochemical based 
products causing environmental pollution and 
health hazards. Higher levels of metals used for the 
fixation of natural dyes are a health risk even at low 
concentrations for human beings as well as aquatic 
life. Hence, the search for natural mordants is 
inevitable. 

Hence, SITRA took up a project to identify and 
extract tannins from unexplored natural sources 
and study their application as natural mordants for 
the improved eco-colouration of cotton and wool 
with an antimicrobial property.

Since all natural textile materials made of cotton, 
wool, silk, etc., are susceptible to microbial attack, 
there is a preference these days for textiles finished 
with antibacterial finishes. 

Natural mordants from different natural resources, 
which have not been exploited hitherto for natural 
dyes colouration on cotton and wool substrates 
with improved performance and functional property 
namely antibacterial property, are tried as a 
replacement for metal mordants. It is hoped that 
this project will lead to a greater commercial 
success for the colouration of baby wear materials 
and socks materials mainly in the decentralized 
sector.

Microbiological testing was carried out for 
evaluation of antimicrobial activity of an  extracted 
sample of Cashew Nut Skin Testa (CNST), against 
Gram-positive bacteria Staphylococcus aureus (S. 
aureus) and Gram-negative bacteria Escherichia 
coli (E. coli) 

A qualitative analysis (Russell, 1935) was carried 
out by treating 0.5% solution of the above tannin 
product with various reagents such as aqueous 
ferric chloride, gelatin, lead acetate and copper 
sulphate solution. The colour change after the 
addition of reagent was observed.

A set of qualitative experiments,  carried out with 
various reagents, revealed that CNST extract gave 
identical colour and precipitation reaction when 

compared with the phlobatannins or condensed 
tannins as mentioned in the literature. It produced a 
dark green precipitate with aqueous ferric chloride 
and dark red solids with dilute HCl solution which  
clearly confirmed that tamarind seed coat extract is 
of condensed tannins. 

Scope of further work

Application of the extracted tannins as mordant for 
the eco-colouration of popular natural colourants 
such as turmeric, henna, Indian madder, etc., and 
optimization of the process is under progress. 
Antimicrobial property, both qualitative and 
quantitative, of the eco-coloured materials as well 
as the effect of mordanted materials and wash 
durability will be investigated. 

It is hoped that the result of this work can help in 
understanding the efficacy of the natural mordant 
from natural resources and its application for 
fixation of natural dyes on cotton and wool 
substrates. Also, the outcome will generate an eco-
friendly  product (Baby wear material) with value 
added properties which are easy to develop and 
that can be popularized among the local natural 
dyers in order to obtain eco friendly textile products.

DOOR TO DOOR SURVEY OF TEXTILE 
PROCESSING UNITS

SITRA was retained by the Tamil Nadu Water 
Investment Company Limited to conduct two 
different door to door surveys of textile processing 
units - one at various textile clusters across South 
India and the other in Bangladesh. The idea behind 
the survey in South India was to explore the 
possibilities of establishing textile parks and / or 
Common Effluent Treatment Plants (CETP) with a 
view to tackle the pollution related issues of the 
textile processing industry and to promote a 
sustainable business environment under the 
“Integrated Processing Development Scheme 
(IPDS)” initiated by the Ministry of Textiles, 
Government of India. The survey at Bangladesh  
was initiated by the International Finance 
Corporation (IFC) which is a part of World Bank with 
a view to establish “Zero Liquid Discharge” system 
in the effluent treatment plants of textile processing 
units at Konabari textile cluster. 

Overall, SITRA was assigned to survey 168 units 
(Erode, Bhavani, Perundurai, Komarapalayam, 
Pallipalayam, Chennimalai and Rasipuram textile 
clusters). Out of the 168 units surveyed by SITRA, 
about 72% were proprietorship owned units, 3%
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were partnership units and 3% public and the 
balance  6% were private limited companies.

The major findings of surveys conducted by SITRA 
are given below:

The total  installed processing capacity of the units 
surveyed was 94386 kg per day of yarn and 
2,30,219 kg per day of fabric. Majority of the 
industries used bore well water (about 51.71%) for 
their production purpose, where as industries 
suitated in the SIPCOT, Perundurai employed river 
water and also recycled water for the production. 

In terms of machinery employed for the dyeing of 
knitwears, soft flow machines were majorly used 
where as in case of cotton, hank dyeing mainly the 
sectors like Rasipuram, Komarapalayam, Bhavani, 
Chennimalai, etc use Anda, thazzhi and Pits for 
bleaching purpose. In order to reduce the usage of 
water, many industries combined the treatment 
process using different chemicals and reduced the 
number of stages of production cycle. Thus, the 
cleaner and greener production technologies were 
not adopted in this cluster to counter the pollution 
related issues. 

Out of the 168 units surveyed, about 37% use 
reactive dyes and 21% used direct dyes. It is also 
evident from the survey that units were still using 
Naphthol, Ajantha, Sulphur and a few other class of 
dyes which are banned.

Some of the cleaner technologies advocated by 
SITRA to the industries are the following:

ØUse of formaldehyde-free chemicals for 
fixing

ØUse of bio-degradable thickeners and 
binders

ØUse of alternate nitrogen based chemicals, 
instead of sodium silicate for fixing.

ØAvoid using kerosene or other petroleum 
products for formulation of the emulsion

ØDigital printing technology may be adopted 
in a phased manner

ØIn the case of bleaching / dyeing units, use 
of enzymes, bio-surfactants, etc., shall be 
encouraged.

ØStone washing or denim washing of jeans 
may be tried with laser or vacuum and 
UltraViolet radiation technologies.

ØUse of dyes with high exhaustion rates may 
be used.

Majority of the printing units did not have Material 
Safety Data Sheet (MSDS) for any of the chemicals 

used. Further, no regular analysis of the waste 
water generated was being carried out by these 
small scale units. The employees of the processing 
units were skilled on their respective job nature (as 
most of the units are printing), but were not 
educated on the latest technologies and machinery 
upgradation and had less awareness on the 
environmental issues due to the effluent being let 
out from the units. The overall waste water 
generated per day by the surveyed units was 12010 
Kilo litres per day (KLD). 

In a similar manner, another survey was conducted 
at Konabari, Ghazipur District, Dhaka, Bangladesh. 
Textiles have been an extremely important part of 
Bangladesh's economy for a very long time for a 
number of reasons. Bangladesh is the world's 
second biggest exporter of clothing after China. In 
Asia, Bangladesh is the one of the largest exporter 
of textile products providing employment to a great 
share percent of the work force in the country. 
Currently, the textile industry accounts for 45% of all 
industrial employment in the country. Although the 
industry is one of the largest in Bangladesh and is 
still expanding, it faces massive challenges, 
principally because the country does not produce 
sufficient raw materials, has unfavorable trade 
policies, and inadequate incentives for expansion. 

Out of the 28 units surveyed by SITRA in this 
cluster, about 93% were private owned units and 
the balance 7%  partnership units. There were no 
proprietary and public sector units in this cluster. 
The total installed processing capacity of the 28 
units surveyed is  3,04,668 kg. per day of Knit 
(Hoisery) fabrics, 1,81,786 kg. per day of woven 
fabric (contains 2,28,440 pcs of woven garment 
materials) and 17,000 kg of yarn . The processing 
units in this cluster used ground water with the help 
of bore facilities in their units. Around 96.6% of the 
units used bore well water and only 3.4% unit's use 
water purchased from tanker. Further, none of the 
units were recycling the water due to lack of 
Reverse Osmosis (RO) plant in their ETP for 
processing. Machines employed for the dyeing 
process of knitwear were 95% were denim washing 
machines used in garment washing units. 

It was also observed from the survey that majority of 
the units were Composite ones consisting of 
spinning, weaving, knitting, wet processing and 
also garment making. Thus, Bangladesh textile 
industry was fairly organized than its Indian 
counterpart in terms of the technologies and the 
capacity of production of garments. 
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DEVELOPMENT OF NORMALIZATION 
FACTORS TO ASSESS SPECIFIC ENERGY 

Textile industry has been declared as one of the 
energy intensive industries and more mills are 
coming under the gambit of the PAT Scheme of the 
Bureau of energy efficiency (BEE) as designated 
consumers. Manufacturing activity in the textile 
sector involves a wide variety of optional value 
enhancing operations and the machinery used 
have different level of modernity and automation.

SITRA has already established a methodology for 
assessing specific energy consumption standards 
for single yarn manufacturing process and its value 
addition. The same has been accepted and used by 
BEE throughout the nation for all designated 
consumers in textile sector coming under the PAT 
Scheme. SITRA methodology helps the spinning 
mill determine their energy efficiency and 
achieve continual improvement from time to time.

Fabric production is heterogeneous as compared 
with the spinning sector.   Weaving process 
includes warping, sizing, loom shed, 
and air for operating air jet looms and 
cleaning operations. Weaving 

types of operating with different reed 
widths, loom speeds, picks per yarn 

of weave and these are the important 
factors influencing the specific energy consumption 

production. In weaving process, power 
cost accounts for about 35% of the total conversion 

of looms.

Units per loom shift, was introduced a years 
ago and it cannot be used for comparison purpose 
due to variation in PPI, reed width and speed of 
operation. A common parameter, units per million 
meters of weft insertion can be taken as a reference 
for comparison purpose. Energy consumption 
based on weft insertion rate is independent of PPI, 
reed width and yarn count.

Conventional shuttle looms, slow speed and high 
speed automatic looms, first generation projectile 
looms, second and third generation air jet, rapier 
and projectile looms are working in the Indian textile 
industry. There is a wide variation in the energy 
consumption of the above mentioned looms. 
Energy consumption in weaving process in relation 
to production parameters such as linear meter, 
square meter and fabric weight will  

CONSUMPTION  (SEC)  FOR WEAVING

to 

humidification 
compressors 

sector consists of 
various looms 

inch(PPI), 
count, types 

in fabric 

cost in different type 

few 

lead to erratic 
conclusions in the comparison process.   

ENERGY CONSERVATION Normalisation factors should be developed for 
million meters of weft insertion for a standard speed 
of weft insertion rate.

UMM - Units per million metres of weft insertion 
varies from mill to mill due to the type of looms and 
weft insertion rate (mpm). Conversion factor can be 
developed for an air jet loom (1.9m width at 1000 
ppm) which can be kept as a standard. This 
consumption index is not affected by reed width, 
PPI, warp, weft yarn count and weight of the fabric 
(GSM). Further attempts should be made to 
develop a common expression for overall specific 
energy consumption in weaving.

The proposed study would benefit a large number 
of weaving & composite mills by providing a 
benchmark for energy consumption and help them 
to improve energy efficiency and conserve energy.

Plan of work

Energy measurement will be carried out for 
different types of machinery used in warping, 
sizing, loom shed, humidification and air 
compressors to establish normalization factors to 
assess specific energy consumption.

OPERATIONAL STUDIES

st
31  COSTS, OPERATIONAL PERFORMANCE 
AND YARN QUALITY: INTER-MILL STUDY OF 
KEY FACTORS (APRIL-JUNE 2015)

This study was the thirty-first in the series on inter-
mill study on 'Costs, Operational Performance and 
Yarn Quality'. In this study, 134 mills had 
participated. The following were some of the main 
findings of the study.

Comparison with last study (April-June 2014)

A comparison has been made with respect to 8 
costs and operational parameters against the last 

th
study (30  study). Based on the deviations in the 
average values, relative changes in the individual 
mill's performance have been identified with 
respect to 94 mills which had participated in both 

th st
the studies (30  and 31 ). 

In the 2nd quarter of 2015, mills on the whole did not 
register any change in the contribution when 
compared to the corresponding quarter of 2014 
(Table 7).  The yarn sale value registered a huge fall 
of Rs 2,520 per spindle per year (by 9%) in the 2nd 
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quarter of 2015 which was mainly because of the 
drop in yarn selling prices. Morever, two other major 
input costs viz. power cost and salaries and wages 
cost (SWC) put together recorded a significant 
increase of Rs 530 per spindle per year.  
Nevertheless, the substantial drop in the raw 
material cost (by Rs 3,080 per spindle per year) 
more or less offset the drop in the sale value and 
increase in the SWC and power cost.  The above 
clearly shows that the mills on the whole could not 
take advantage of the lower raw material cost.  It is 
also interesting to note that the commercial 
performance registered by the mills between 2014 
and 2015 is entirely different from the performance 
recorded by them between 2013 and 2014    
(Figure 5).
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Figure 5  Commercial performance during 2013 – 
2015

Between 2013 and 2014, the mills witnessed a 
significant increase in both yarn sale value (YSV) 
and raw material cost (RMC), but with a drop in the 
contribution (by Rs 840 per spindle per year).  

Between 2014 and 2015, the mills, however, 
registered a substantial drop in both the YSV and 
RMC, but with no change in the contribution.  The 
above clearly indicates that the commercial 
performance is becoming more volatile.

Further analysis shows that out of the 94 common 
mills, nearly one-half of the mills (46 mills) 
registered an increase in the contribution (by Rs 
1,240 per spindle per year) with the increase 
ranging from Rs 10 to Rs 9,030 between mills 
(Figure 6). The remaining mills recorded a drop of 
Rs 1,140 per spindle per year in the contribution 
with the drop ranging from Rs 90 to Rs 5,780 
between mills.  In these mills, the drop in the raw 
material cost (by Rs 2,900) could not off-set the 
drop in the yarn sale value (by Rs 3,590) and 
increase in the power cost and salaries and wages 
cost (by Rs 450).  On the other hand, the increase in 
the contribution in the 46 mills was due to the drop in 
the raw material cost (by Rs 3,230 per spindle per 
year) which more than off-set the reduction in the 
yarn sale value (by Rs 1,400) and increase in the 
two other major input costs (by Rs 590 per spindle 
per year).
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Figure 6   Differences in the contribution between 
the two studies 

(Q2 of 2014 and Q2 of 2015)

Table 7  Comparison of costs and operational 
parameters between the two studies
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ONLINE SURVEY OF YARN SELLING PRICE 
AND RAW MATERIAL COST

SITRA had initiated this unique monthly online 
inter-mill study of RMC and YSP in May 2013.  Till 
March 2016, 35 studies have been completed.  As 
many as  80 mills from different parts of the country 
have been participating in the study every month.  It 
covers the following data relating to around 250 
different counts (ranging from below 10s to over 

   
  

Parameter

 

Common mills' (94) average

30th study
(Apr.-

 

June 2014)
31st study

(Apr.- June 2015)

Contribution -

 

Rs/spindle/year

 

5,180 5,210

Salaries and wages cost

 

-

 

Rs/spindle/year

 

2,040 2,190

Power cost  -

  

Rs/spindle/year

 

3,140 3,520

Raw material cost  -

 

Rs/kg of yarn

 

- Rs/spindle/year

158

17,920

125

14,840

Yarn selling price  - Rs/kg 264 231

Yarn sale value  - Rs/spindle/year 28,280 25,760

Prodn./spl./8 hrs.(adj.to 40s) in g 102 103

Spindle utilisation (%) 94 95

Average count 46s 45s
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Yarn selling price (YSP )  (Rs/kg)  

Raw material cost (RMC)
 

(clean material cost) (Rs/kg of yarn)
 

Net out put value (NOV)

 
(Rs/kg

 
of

 yarn & Rs/spl./shift)

TCI (techno-commercial index)

 OTCI (overall techno -
commercial index)

 
Conversion cost (Rs/kg of yarn)

 
RMC as a % of YSP

 

Yarn realisation (%)

Production/spindle 

(rotor)/8 hours (g)

Yarn quality

-
 

Count CV%

-

 
Strength CV%

-

 

CSP

 -

 

U%

 
-

 

Imperfections/1000 m

-

 

Hairiness Index

st
On 21  of every month, the survey report, 
numbering around 70 pages, is being uploaded in 
the web portal “rmcysp.sitraonline.org”. The 
speciality of this online survey is the built-in 
database supported queries in the web portal, 
using which a participant mill can access the count-
wise data quickly without going through the 
voluminous survey report. Besides the above, 
trends in the movement of average YSP, RMC and 
NOV between months for 11 popular counts are 
also being uploaded every month – both tabular 
and graphical forms.  Figures 7 and 8 show the 
trends in the movement of RMC, YSP and NOV of 
40s C and 60s C compact yarns during the past 34 
months (April 2013 to February 2016).

st
In the 31  study, a new parameter viz. OTCI was 
introduced with which the participant mills can 
monitor their overall techno-commercial 
performance every month, taking into account all 
the counts that are furnished by them in the online 
surveys.

th
In the 34  study (January 2016 data), 56 mills had 
furnished the count-wise production data using 
which the OTCI was estimated and were ranked to 
know about their status in comparison with their 
competitors.

Between mills, the OTCI varied widely from as high 
as 124 to a low of 80.  In one-fourth of the mills, the 

overall techno-commercial performance in January 
2016 was almost at par with their competitors' 
performance (OTCI: 102 to 98).  On the other hand, 
slightly more than one-third of the mills had 
maintained a better performance (OTCI > 102) 
while about 40% recorded a lower performance 
(OTCI < 98).

INTER-MILL STUDY ON FIBRE TO YARN 
th

CONVERSION COST - 5  STUDY

The study was conducted based on the conversion 
cost particulars that were collected from the mills in 

st nd
the 31  CPQ study, covering data for the 2  quarter 
of 2015 (April-June). A detailed analysis has been 
made for 12 different counts and varieties of yarns 
received from more than 5 mills which had 
furnished the data.

Total conversion cost in 2015

Average conversion cost, in terms of per kilogram 
of yarn, was found to increase as the count became 
finer i.e. from as low as about Rs 60 in 30s to a high 
of about Rs 130 in 60s counts (Table 8).
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Figure 7 Movement of YSP, RMC and NOV 
between months (40s C)
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between months (60s C-Comp.)
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counts (ranging from below 10s to over 120s) and 
varieties of yarns (carded, combed, hosiery, 
compact, doubled, high twist, slub etc.), 
predominantly cotton counts.  
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Table 8 Count-wise conversion cost
                                                                                                              Period: April-June 2015

 

Between mills, the conversion cost differs very 
widely in all the counts ranging from 25% to about 
70%, the overall difference being high at about 
45%.  Such a wide difference in the conversion cost 
between mills is mainly due to the differences in the 
operational parameters like production rate, labour 
productivity,  capacity uti l isation, energy 
consumption, etc. as well as cost parameters such 
as wage rate, salaries, power cost per unit, stores 
and packing materials cost, interest commitment 
and investment on plant & machinery and partly 
because of the differences in the method of 
estimation of yarn cost.

In terms of per kilogram per count, the conversion 
cost does not show any trend between the counts.  
It averages at about Rs 2.0 per kg per count, 
varying from Rs 1.70 to Rs 2.30 between the 
counts.  However, in terms of per spindle shift, the 
total conversion cost shows a declining trend as the 
count becomes finer i.e. in 30s , it is around Rs 11 
whereas in 60s, it is only about Rs 9.

Item-wise conversion cost in 2015

Item-wise conversion cost also shows an 
increasing trend as the count becomes finer (Table 
9).  For example, the salaries and wages cost in 30s 
K count averages at about Rs 12 per kg of yarn 
whereas in the fine count (60s C), it is more than 2 
times higher at about Rs 29 per kg of yarn.  The 
power cost which is around Rs 24 per kg of yarn in 
30s K count, is more than 2 times higher at about Rs 
58 per kg of yarn in 60s C.

Another interesting observation is that amongst the 
6 cost components, the power cost is found to be 
the single largest component with a share of 40% 
followed by the salaries and wages cost (20%) and 
interest cost (13%). The depreciation cost stands at 

th
4  place (12%) followed by the stores and packing 
materials cost (9%) and the administrative 
overheads (6%) (Figure 9).
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S. 
no.

 

Count
 

Conversion cost/kg of yarn (Rs)  Conv. 

cost/ 

kg/ 

count 

(Rs)
 

Conv. 

cost/ 

spl./ 

shift 

(Rs)
 

No. 
of 

mills

 
Average  

Mini-
mum

 

Maxi-
mum

 

% 

differ -
ence

 

1.  30s K  60.4  51.5  77.2  50  2.01  9.9  8 

2.  30s CH-Ex.  59.5  50.3  72.9  45  1.98  11.5  6 

3.  32s K  68.9  61.2  77.3  26  2.15  9.8  6 

4.  32s CH-Ex.  59.7  45.7  77.1  69  1.87  10.7  5 

5.  40s K  88.2  70.5  100.0  42  2.21  9.5  10  

6.  40s C  78.6  62.0  96.7  56  1.97  9.8  6 

7.  40s C -Comp.  77.2  63.6  91.1  43  1.93  10.5  8 

8.  40s CH  69.3  55.9  85.4  53  1.73  9.2  9 

9.  50s C -Comp.  98.8  79.3  120.6  52  1.98  9.2  8 

10.  50s CH -Ex.  105.2  88.0  115.1  31  2.10  9.7  7 

11.  60s C  137.8  124.2  157.8  27  2.30  8.5  6 

12.  60s C -Comp.  127.5  114.8  159.8  39  2.13  8.9  5 
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Power 
cost

 

Interest  cost

Depreciation 
cost

Overheads

40%

 

20%

 13%

 12%

 9%
6%

Stores and 
packing 
materials cost 

Figure 9  Share of item-wise conversion cost on 
the total cost

 

Reasons for the inter-mill differences in the 
conversion cost

Besides the differences in the operational and cost 
parameters, as mentioned earlier, the incorrect 
method of yarn costing also contributes 
significantly for the huge inter-mill differences in the 
conversion cost between mills.

Many spinning mills have been estimating count-
wise yarn cost incorrectly.  SITRA has come across 
a number of cases wherein the persons dealing 
with costing do not have adequate exposure about 
the spinning process.

Major deficiencies that were noticed in some mills in 
the estimation of yarn cost are given below.

1. Not considering actual yarn realisation data 
to arrive at clean raw material cost.

2. Using estimated power cost, instead of 
actual power cost, for apportioning the 
same to different counts.

Salaries and 
wages cost 

Table 9 Item-wise conversion cost per kg of yarn
(Amount: Rs/kg of yarn)
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S.  
no.  

Count  
YSP  

(a)  

RMC  

(b)  

Conversion cost  
Net  

profit  

(a-b-c)  
SWC  Power  

Stores 
& 

packing
 

Admn.  

OH  
Int.  Dep.  

Total  

(c)  

1.  30s K  168.1  108.7  11.9  24.3  4.7  5.2  7.6  6.7  60.4  (-)1.0  

2.  30s CH-Ex.  185.3  118.3  12.5  23.7  6.2  3.4  4.9  8.9  59.5  7.5  

3.  32s K  170.1  108.6  18.5  25.6  5.3  4.8  7.2  7.4  68.9  (-)7.4  

4.
 

32s CH-Ex.
 

189.5
 

120.5
 
11.5

 
24.5

 
5.3

 
2.6

 
5.6

 
10.2

 
59.7

 
9.3

 

5.
 

40s K
 

189.3
 

109.9
 
19.3

 
33.5

 
5.1

 
6.1

 
12.9

 
11.5

 
88.2

 
(-)8.8

 

6.
 

40s C
 

210.8
 

127.4
 
15.6

 
31.7

 
7.1

 
4.4

 
11.5

 
8.3

 
78.6

 
4.8

 

7.
 

40s C -Comp.
 

224.4
 

125.3
 
12.0

 
32.7

 
6.6

 
3.2

 
11.3

 
11.5

 
77.2

 
21.9

 

8.
 

40s CH
 

203.2
 

127.3
 
14.4

 
27.5

 
8.1

 
3.7

 
7.7

 
7.8

 
69.3

 
6.6

 

9.
 

50s C -Comp.
 

256.9
 

135.3
 
19.2

 
41.4

 
9.5

 
3.9

 
12.5

 
12.3

 
98.8

 
22.8

 

10.
 

50s CH -Ex.
 

232.3
 

124.6
 
19.8

 
43.8

 
9.1

 
9.0

 
13.4

 
10.1

 
105.2

 
2.5

 

11.

 
60s C

 
252.4

 
131.0

 
28.6

 
58.2

 
10.8

 
9.0

 
17.0

 
14.2

 
137.8

 
(-)16.4

 

12.

 

60s C -Comp.

 

289.0

 

139.0

 

22.9

 

54.5

 

12.9

 

7.4

 

17.5

 

12.3

 

127.5

 

22.5
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3. Apportioning wages cost to different counts 
based on actual spindle shifts instead of 
considering count-wise operat ives 
requirement (based on spin plan).

4. Using a notional overheads cost and 
interest cost data.

5. Using some fixed stores cost instead of 
considering actual stores cost.

6. Considering a notional packing materials 
cost (per kg of yarn) for different types of 
packages instead of using actual cost.

7. Allocation of various input costs to different 
counts based on ring frame spindle shifts.

8. Estimating the conversion cost per kg of 
yarn per count by dividing the total 
conversion cost with total yarn production 
and average count.

9. Arbitrarily fixing the conversion cost i.e. 
carded counts: Rs 1.60 per kg per count; for 
combed counts: Rs 1.90 per kg per count.

Changes in the total conversion cost between 
2010 and 2015

The total conversion cost on the whole registered 
an increase of about 38% by 2015 as compared to 
the conversion cost that prevailed in 2010 with the 
increase ranging from 20% to 55% in the different 
counts (Table 10).  The increase in the conversion 
cost during the past 4 years works out to 7% per 
year compounded.

Table 10  Changes in the conversion cost 
between 2010 and 2015

Count  

Conversion cost  

 
(Rs/kg of yarn)

 

% increase in the 

conversion cost in 

2015 over 2010
2010  2015  

24s CH -Ex.  38.6  50.6  31

30s CH -Ex.  45.4  59.5  31

40s K  63.8  88.2  38

40s C  65.1  78.6  21

50s CH -Ex.  68.1  105.2  55

60s C  92.3  137.8  50

60s C -Comp.  93.0  127.5  37

Item-wise conversion cost in 2010 and 2015

An analysis of the item-wise conversion 
cost shows that all the 6 cost components had 
witnessed an increase during this period.  The 
increase in the power cost accounted for about 

50% of the overall increase in the conversion cost, 
followed by the increase in the salaries and wages 
cost (25%) (Figure 10).  The remaining four cost 
components viz. stores and packing materials cost, 
administ rat ive overheads,  in terest  and 
depreciation registered a single digit increase of 
about 6%.

 
Power cost

Interest cost

Stores cost

Administrative 

overheads

Salaries and  
wages cost

51%

 

25%

 
8%

 7%

 

4%Overall increase: 38%

Depreciation5%

Figure 10   Contribution of item-wise cost on the 
overall increase in the conversion cost in 2015 

over 2010

Power cost per unit during this period had 
registered a jump of about 40% (from Rs 4.74 per 
unit in 2010 to Rs 6.62 per unit in 2015, as per the 

th st
25  and 31  CPQ studies).  The salaries and wages 
cost had also witnessed an increase of about 20% 
during this period.

Assessment of machinery condition: A new 
approach

In any manufacturing industry, maintenance of 
machinery assumes significance, since the 
machinery condition plays a vital role in deciding 
productivity and quality of the products that are 
manufactured by them.  Spinning mills periodically 
carryout routine and preventive maintenance 
activities by involving maintenance personnel like 
fitters, helpers, cleaners, etc.  Some mills have the 
practice of checking the quality of maintenance 
work, immediately after its completion, mostly by 
the QAD personnel.

SITRA has not come across any appropriate 
maintenance system with which one can 
thoroughly check and record the condition of each 
and every component/part of various machines in a 
spinning mill including vital settings. Hence, SITRA 
has proposed a unique audit for condition of 
machinery viz., “Assessment of machinery 
condition based on a comprehensive checklist” 
which would cover the entire machinery in a 
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spinning mill including post spinning machines, 
humidification plant, OHTC, AWES and yarn 
conditioning plant. The 'Checklist Manual' which 
runs into around 150 pages, has been prepared. 

The salient features/benefits of the new auditing 
system are

Salient features

- A comprehensive 'Checklist' has to be 
used.

- Components/parts of each and every 
machine have to be checked in stopped/ 
running condition.

- This activity would involve both subjective 
and objective assessments. Wherever 
needed, tools/gauges should be used.  It 
has been estimated that as many as 50 
different tools and gauges would be 
required for a spinning mill to successfully 
conduct the audit.

- Mills could rate the condition of each and 
every component /part of various 
machines using a 5 point scale.

- 

- The checklist also covers the condition 
/functioning of safety components such as 
machine covers and door limit switches so 
as to ensure safety of workers. 

- The assessment must be carried-out by 
persons other than regular maintenance 
personnel, preferably by the QAD staff, 
either working in the same mill or in the 
group mills, as the case may be.  But, the 
personnel concerned must be trained 
thoroughly in carrying-out this task. A 

Rating Points

Good  (G)

Above average (AA)

Average (A)

Below average (BA)

Poor (P)

5

4

3

2

1

minimum of 2 persons will be required to 
carry out this task

.- The audit must be carried-out periodically 
covering the entire machinery, preferably 
once a year.

Benefits

- Overall rating of machines either 
individually or as a group/department-wise 
could be arrived at.

- Components which would require 
immediate attention (repair /renovation 
/replacement) could be listed out for each 
machine.  This would be helpful for the 
management to take a decision on 
modernising (renovation /replacement) the 
machines and also for budgeting.   

- Mills could find out the machines that are 
responsible for the poor yarn quality or low 
machine productivity (if any).

- Mills could revisit the frequencies of 
var ious main tenance schedu les .  
Introduction of new maintenance 
schedules /activities will also be possible 
so as to ensure better upkeep of the 
machines.

- Streamlining of the material flow for a given 
product-mix i.e. allocation of suitable 
machines in the manufacturing line 
towards achieving the required yarn 
quality/output will also be possible.

- This audit would also be helpful for the mills 
to identify the machines that are 
responsible for certain market complaints.

A pilot study was conducted in 3 spinning mills.  The 
study will be conducted in a few more mills. A 
comprehensive publication incorporating 
guidelines for mills to implement this audit in their 
units will be brought-out.  Since the auditing system 
involves more voluminous data, it has been 
proposed to simplify the system with a suitable 
software so as to make the system more effective 
and informative.
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MEDICAL TEXTILES

I D E N T I F I C AT I O N  O F  F U N C T I O N A L  
COMPOUND IN AN AQUARIUM PLANT AND               
ITS PRELIMINARY ASSESSMENT FOR 
ANTIBACTERIAL  ACTIVITY 

Objectives of the project

1. To prepare extracts of aquarium plant and 
analyze their phytochemical properties

2. To evaluate the extracts for their antioxidant 
activity

3. To investigate the extracts for their biological 
applications

1. Phytochemical analysis

The phytochemical analysis of the ethanolic extract 
of Aquarium plant showed the existence of 
bioactive components such as alkaloid, flavanoid, 
tannin, terpenoid, steroid, proteins and amino 
acids. Glycosides, carbohydrates and saponins are 
absent (Table 11).

S.No Phytochemicals  *Aquarium plant

(Ethanol)
 

1  Alkaloid  (+)  

2 Flavonoid  (+)  

3 Tannin  (+)  

4 Glycosides  (-)  

5 Protein  (+)  

6 Amino acid  (+)  

7 Carbohydrates  (-)  

8 Saponin  (-)  

9 Steroid  (+)  

10 Terpenoid  (+)  

*(+) Present, (-) Absent

2. Antibacterial activity 

The antibacterial activity of Aquarium plant leaf 
extracts with different solvents such as ethanol, 
methanol, chloroform, ethyl acetate and petroleum 
ether were studied using  ATCC bacterial cultures 
of Staphylococcus aureus, Bacillus cereus (Gram 

Table 12   Antibacterial activity of the aquarium plant leaf extract using different solvent against ATCC 

bacterial cultures by Well diffusion method

 

Solvents 

Test Organisms  

S. aureus - 

ATCC 6538 

B. cereus-   

ATCC 13061  

E.coli-   

ATCC 25922  

K pneumoniae-

ATCC 4352

Carbinol  - 21  21  19  

Chloroform 19 24  21  21  

Ethanol  16 25  25  25  

Ethyl acetate - 22  17  20  

Petroleum ether - 13  13  10  

Control  
(Chloromphenicol)

26 35  30  29  

Table 11  Phytochemical analysis of the ethanolic 
extract of Aquarium plant

positive), Escherichia coli and Klebsiella 
pneumoniea (Gram negative).  The ethanolic 
extracts showed superior antibacterial results 
among all the four ATCC bacterial cultures 
compared to other extracts. The better inhibitory 
result was found in the case of Bacillus cereus, 
Klebsiella pneumoniae and E. coli but not in S. 
aureus (Table 12). 
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3. Antibacterial activity against wound 
pathogenic organisms

The ethanolic extract of aquarium plant showed 
antibacterial activity against all wound pathogenic 
organisms except Staphylococcus aureus by Well 
diffusion method. The extracts proved that the 
maximum zone of inhibition was in Pseudomonas 
aeruginosa, E.coli and Proteus vulgaris, followed 
by Proteus mirabilis, Bacillus subtilis, Enterobacter 
aerogenes and Klebsiella pneumonia (Table 13).

Table 13  Antibacterial activity of the ethanolic 
extract of Aquarium plant

 

S.No

 

Test organisms

 

Zone of inhibition (mm)

Ethanolic extract of 

Aquarium plant

Control

(Chloramphenicol)

1

 

Bacillus species

 

22 24

2

 

Escherichia coli

 

21 21

3

 

Enterobacter aerogenes

 

17 19

4 Klebsiella pneumonia 21 23

5 Pseudomonas aeruginosa 22 18

6 Proteus mirabilis 19 24

7 Proteus vulgaris 23 22

8 Staphylococus auerus 14 21

4. Antioxidant activity

Dose dependent antioxidant activity was observed 
for the ethanolic extract of Aquarium plant (Figure 
11).

Figure 11  Antioxidant activity of DPPH, Total 
antioxidant capacity (TAC), 

Hydrogen peroxide scavenging activity

5. FT-IR and GC-MS analysis of the extract

FT-IR analysis of the extract showed primary 
amines, aromatics and aliphatic amines specific 
functional groups (Figure 12).  

Figure 12  FTIR Spectroscopy of Aquarium plant 
powder, Ethanol and Aquarium plant extract

Results of GC-MS analysis showed the peaks for 
lupeol, Lucenin2, Betulin, á- Amyrin, L-Serine, etc. 
which are reported for their antimicrobial activity  
(Table 14).

 

 

 

    

    

    

 

Table 14   GC- MS analysis of Aquarium plant 

leaf extract

Peak 
no

 

Retention 
time

 

% 
Area

 

A compound name
Molecular 
formula

Molecular 
weight

1

 

29.34

 

1.48

 

2,3-bis(3', 4'-Dimethoxy 
-5,6- dimethoxy

 

C26H26O7 450

2

 

30.55

 

11.91

 

2-Hydroxy-8-methoxy

-3-carboxylic acid ethyl 
ester

 

C16H15NO4 285

3

 

31.51

 

6.46

 

L-Serine, O-(phenylmethyl) 

- (CAS)

C10H13NO3 195

4

 

33.12

 

10.18

 

Lucenin 2

 

C27H30O16 610

5

 
33.89

 
6.06

 
Lupeol

 
C30H50O 426

6 33.89 6.06 Betulin C30H50O2 422

7 33.89 6.06 à-Amyrin C30H50O 426

8 36.57 0.52 Rhodopin C40H58O 554

 

phenyl)

benzo [b] furan

pyrrolo[2,1-a] isoquinoline
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DEVELOPMENT OF SELF ASSEMBLED 
PEPTIDE HYDROGEL BASED BIOACTIVE 
DRESSING MATERIAL FOR CHRONIC 
WOUNDS 
(Sponsored by the Science and Engineering 
Research Board, Department of Science and 
Technology, New Delhi) 

Angiogenesis, the process of new blood capillary 
formation from pre-existing vessels is essential for 
embryogenesis, functioning of the female 
reproductive system, diabetic retinopathy, wound 
repair, tumor growth and other conditions. The 
formation  of  new  capillaries/vessels  requires  the 
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involvement of several cell types, particularly large 
population of endothelial cell (EC) and the 
proteolytic enzymes expressed by these cells, 
growth factors, migration of EC toward an 
angiogenic stimulus and the deposition and 
breakdown of extracellular matrix. The coordinated 
interplay of these processes leads ultimately to 
tubular morphogenesis, and to capillary formation 
in the presence of pericytes. Under certain 
pathological conditions such as diabetes, venous 
and pressure ulcer, the ordered process gets 
disturbed and affects the new capillary formation 
and halts the healing mechanisms. 

Several studies addressed this issue using different 
biomaterials and delivered cells (eg, fibroblast, 
keratinocytes), enzymes (eg. MMPs), growth 
factors (eg. EGF, VEGF, FGF) for improving healing 
process.  All these studies reported their own 
advantages and limitations in stimulating 
angiogenesis. In line with this, an attempt was 
made to study the efficiency of self assembling 
peptide (SAP) hydrogel, as a bio device for 
delivering growth factor (GF) for chronic wound 
healing where angiogenesis is a critical 
requirement for its healing. 

Here, recombinant human PDGF – BB was used 
due to the presence of the following properties 
which are required for the stimulation of 
angiogensis: a) act as an angiogenic promoter, b) 
initiates EC proliferation, c) elongation and 
reorientation, d) transforming their morphology to 
the highly ordered, elongated phenotype of cells 
lining the inner surface of blood vessels.
 
Summary of the findings

Endothelial cell migration and sprouting are the 
most important events in angiogenesis, hence 
PDGF:BB (GF) at the concentrations of 0.01 %, 
0.008 %, 0.006 %, 0.004 % and 0.002 % was 
encapsulated in the RADA 16-I hydrogel (1 %) 
under ultrasonication and was studied for their 
possible tubule formation using suitable in vitro (co 
culture assay) and in vivo (CAM assay) models. 
The typical appearance of tubules formed in co 
culture and CAM assays are given in Figure 13. The 
tubule length, its distribution, branch points and 
tubule number in both the systems varied largely. 
The tubule formed in the co-culture system was 
longer than the CAM model where the length of the 
later was approximately 16.0 mm. The distributions 
of length of tubules in co-culture system were in the 
range of 0.13 to 0.24 mm suggesting their 
heterogenous nature. At higher concentrations of 

GF, the length of the tubules were up to 0.20 mm, 
highly interconnected with more number of branch 
points. At lower concentrations of GF, sprouting 
was observed in the co-culture system with 
approximately 10 µm lengths. In both the 
concentrations, aggregations of undifferentiated 
cells were observed at the centre of the walls 
between tubules with more number in lower 
concentration.

Figure 13  A) HUVEC forms tube like structures 
when treated with different concentrations of 

PDGF-BB loaded hydrogel; B) Gross morphology 
of CAM treated with SAP: GF complexes. Arrow 

indicates thickened blood vessel and new 
capillaries.
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On the whole, the SAP:GF complex was found to 
stimulate sprouting of capillary formation and 
stable tubules at low and higher GF concentrations 
respectively. To reconfirm the results, an in vivo 
CAM assay was conducted using 2 days old 
fertilized chicken eggs (Figure 14).
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Figure 14   Schematic illustration of the in vivo 
CAM procedure. Removed 2–3 ml of albumen 

from 2 day-old embryonated eggs with a syringe 
th

needle and opened a square window on 7  day of 
incubation. On day 8, SAP: GF complex was 
placed on the chorioallantoic membrane and 

observed for the changes in its vascular network

th
After reaching CAM on 7  day, 10 µl of 

RADA 16-I (1 %): PDGF-BB (0.002 to 0.01 %) 
complex was placed and observed for vascular 
network change on every alternative day through a 

th
small square window. On the 9  day, the hydrogel 
was completely absorbed and incorporated into the 

Table 15  Comparison of the mean (± stdev) length of major and minor blood vessels, capillaries and 
branch points in the eggs treated with different concentration of PDGF-BB+RADA16-I hydrogel

Samples 

Length (in mm) Width (in mm) 
Branch 
points

 

Major 
blood 

vessels 

Minor 
blood 

vessels 

Capillaries
 

Major 
blood 

vessels 

Minor 
blood 

vessels 

Capillaries
 

Control 12.84± 

3.71 

5.6± 

2.81 

1.69± 

0.569 

0.256± 

0.075 

0.12± 

0.03 

0.048± 

0.019 

48 

RADA 16-I 16.02±
 

1.97 

4.622±
 

1.120 

1.50±
 

0.59 

0.49±
 

0.37 

0.172±
 

0.051 

0.05±
 

0.024 

82 

R+0.01% 13.39± 

1.86 

6.95± 

2.50 

2.90± 

0.92 

0.424± 

0.166 

0.225± 

0.063 

0.082± 

0.031 

62 

R+0.008% 
11.09±

 

3.856 

6.22±
 

1.54 

4.818±
 

1.774 

0.533±
 

0.005 

0.245±
 

0.056 

0.205±
 

0.063 

48 

R+0.006% 
14.385± 

0.700 

4.138± 

1.236 

2.319± 

0.730 

0.505± 

0.190 

0.255± 

0.060 

0.139± 

0.070 

40 

R+0.002% 14.506± 

3.966 

7.611± 

1.440 

5.415± 

1.499 

0.66± 

0.08 

0.421± 

0.098 

0.243± 

0.137 

26 
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CAM. A small protrusion from the existing vessel 
was observed in all the eggs irrespective of the 

th
difference in the GF concentration on 10  day. The 
number of capillaries formed in each egg was 
growth factor dependent and found more number of 
capillaries at the concentrations of 0.008 and 0.01 
% (Table 15). Similar to the results of in vitro 
models, capillaries formed in CAM were highly also 
interconnected but the branches were not 
concentration dependent. Moreover, hyperplasia 
(thickened blood vessel) of the CAM was also 
observed in all the cases. The hydrogel was also 
found biocompatible as there were no spoiling of 
CAM and the morphology of CAM was matching 
with the control CAM. Though the morphology of 
tubules formed in these models were not similar 
due to the complexities associated with in vivo 
system, SAP:GF complex was found to stimulate 
angiogenesis in both the models tested.

Part III. In vitro wound scratch assay

a. In vitro release kinetics of PDGF-BB from 
RADA 16-I hydrogel

The prime objective of the project was to explore 
the possibility of using RADA 16-I hydrogel for 
delivering growth factor for chronic wound healing.
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 Hence, to determine the effect of SAP-PDGF-BB in 
a wound, the rate of GF release into the PBS was 
first studied when sampled at 1, 2, 3, 4, 8, 24, 40, 48 
h. As shown in Figure 15, no released GF was 
detected in the supernatant by ELISA at different 
time points tested. This demonstrates that the GF 
remained in the hydrogel and was not released 
when the SAP was incubated in PBS at 37 °C at 
static condition. This result also confirms the 
stability of the complex and the possibility of 
disintegration of SAP : GF was nil when it was 
stored at normal room temperature at least for 48 
hours.

Figure 15  Percentage of PDGF-BB released from the RADA 16-I hydrogel
in contact with and without the wound (    )

Further, to determine the effect of wound 
environment for the release GF, an in vitro wound 
model was established using L929 mouse 
fibroblast. The SAP:GF scaffold was applied to the 
surface after wounding. The supernatant were 
collected at these same times and analyzed 
through ELISA. PDGF release was observed in the 
supernatant collected from the wounded cells 
treated with different concentration of GF and the 
release pattern was found concentration 
dependent. The percentage release from the RADA 
16-I hydrogel over a 48 hour period was calculated 

(Figure 15). Irrespective of the difference in the 
concentration of GF, the release profile was 
biphasic where there was an initial burst release 
followed by a phase in which there is no GF release. 
The amount of GF release for the various 
concentrations was between 1.3 µg to 7.1 µg, which  
reached a plateau between 8 to 36 hours. This 
result suggests that the release of GF from SAP 
scaffold contact dependent, highlighting the 
importance of intimate tissue contact with the 
wound environment in the release process. 

Since the wounded cells after treatment with the 
SAP: GF scaffold healed completely,  the cells were 
next quantified to determine GF stimulated cell 
proliferation in comparison with the control cells. 
The doubling time of L929 mouse fibroblast is 
between 18-24 h, hence the untreated control cells 
healed its wound in its normal phase and took 48 h 
to close the wound completely. The GF treated 

th
wounds healed before the 20  day and reached 100 
% confluency by that time (Figure 16). Now, the 
expression pattern of genes responsible for 
keratinocyte proliferation and differentiation, are 
being investigated using skin equivalent model in 
response to SAP:GF treatment.
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Figure 16  Response of L929 mouse fibroblast cells to the different concentrations of PDGF-BB 
loaded hydrogel under stressed (wounded) condition.

DEVELOPMENT OF BIOCOMPOSITE PH 
SENSING FILM FROM A NATURAL 
SUBSTANCE

Objectives of the study

1. To prepare the extract from  and 
develop a biocomposite film.

2. To investigate its 

3. To characterize the film to identify the 
functional group in it that is responsible for 
halochromic behavior.

Chromic materials can be used as a visual sensor 
to indicate any external or environmental changes 
in terms of pH, light, temperature, etc. Natural 
chromic materials are more desired over synthetic 
in the case of healthcare biomarkers considering 
the toxicity, allergy or any other harmful responses 
from synthetic material. In the present study, 
development of pH sensitive composite polyvinyl 
alcohol film with halochromic natural extract from 
the edible produce (EP) is explained and it was 
characterized by Fourier Transform Infrared (FTIR) 
spectroscopy. 

EP

halochromic behavior at 
different pH levels.

Summary of the findings

PVA/  extract composite film was studied for 
halochromic nature. The PVA/  film showed 
changes in color at different pH values ie. 

At the base pH value (12.0) PVA/  films showed 
yellow color and in acid (1.0) showed red color. At 
pH of 3.0 and 5.0 they were pinkish, at pH-7.0 they 
were greenish in color, and at pH 9.0 and 11.0 they 
were greenish yellow in color. The reversible nature 
of pH sensitivity was also observed. Hence the 
color of the PVA/  changes from yellow, greenish 
yellow, pink and then reaches red.

2. FT-IR analysis of biocomposite film 
Peaks for PVA and  in PVA/  film was 
identified from FT-IR (Table 16). 

1. Analysis of halochromic behavior of 
biocomposite film at different pH levels

from low 
to high (1, 3, 5, 7, 9, 11 and 13) and its reverse order 
of pH solution.

 EP
 EP

 EP

 EP

EP  EP
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Table 16   FTIR spectroscopy

Frequency cm
-1

 Functional group  

EP  PVA  PVA/ EP  

3333  3323  3323  Alcohols & Phenols

 

- 2918  2918  Alkanes  

1625  - 1625  Primary amines

 1413  1432  1413  Aromatic amines

 

1066  1085  1095  Aliphatic amines

 

 

Since PVA and  are both biomaterial, the 
PVA/  composite can be used as pH sensor for 
biomedical applications. 

EP
 EP

BIOCOMPOSITE MEMBRANE OF AQUARIUM 
PLANT FOR BIOMEDICAL APPLICATIONS

The main function of the wound care materials are 
protection against infectious agents, blood and 
exudate absorbs, promotion of healing and ease of 
application to the wound. Biodegradable polymers 
are commonly used as materials for making wound 
dressing because of their nontoxic and 
biocompatible nature. In this project, sodium 
alginate membrane (SAM) and sodium alginate-
Aquarium plant (SA-AP) biocomposite membranes 
were prepared and studied for their antimicrobial 
and wound healing activities.

Objectives of the study

1. To prepare and characterize alginate films
2. To evaluate the hemocompatibility of the 

film
3. To  s tudy  the  an t i bac te r i a l  and  

biocompatibility of the materials.

Summary of the findings

1. FT-IR analysis of the film displayed the 
peak for primary amines which in turn 
proved the presence of alkaloids 
compounds that are responsible for 
antibacterial activity (Figure 17).

2. Hemocompatibility studies have reported 
the haemolytic values in the ranges of 0.56 

Figure 17
FT-IR spectroscopy of Sodium alginate (SA) 

and Sodium alginate- Aquarium plant film 
(SA-AP)

Figure 17  Effect of different concentration of 
SAM and SA-AP biocomposite membrane on 

haemolysis

to 0.93% in a dose dependent manner, 
signifying that the film is non-haemolytic.

3. The antibacterial activity of the film against 
test organisms were in the order of  
P.aeruginosa E.coli, Bacillus, Proteus 
m i r a b i l i s  a n d  P r o t e u s  v u l g a r i s  
K.pneumoniae, Enterobacter aerogenes 
(Figure 18).
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Figure 18  Antibacterial activity of the membrane

1. Swelling behavior of the sodium alginate 
was found to be dependent on its 
concentration (Figure 19).

Figure 19   Swelling behavior of membranes at 
different time intervals

2. Biocompatibility studies showed the non-
toxic nature of the material and explains 
how the property had helped in the 
proliferation of fibroblast cells.

DEVELOPMENT OF WOUND DRESSING 
USING BACTERIAL CELLULOSE

An ideal wound-dressing material should maintain 
a moist environment at the wound interface, allow 
gaseous exchange, act as a barrier to 
microorganisms and remove excess exudates. 
Bacterial cellulose (BC) is proven to be 
biocompatible with living tissues. But BC itself has 
poor antibacterial property which is crucial to 
prevent wound infection during the wound healing. 
So various synthetic antimicrobial agents are being 
added and they are very effective and also give a 
durable effect on textiles. But they do have 
associated side effects and action on non-target 
microorganisms. To address this issue, plants 
possessing antimicrobial properties were used and 
the BC that was formed from dried film were then 
biologically characterized.

Objectives

vTo synthesize cellulose from bacterial 
culture 

vTo coat the herbal extracts prepared from 2 
plants, N1 and H1.

vTo compare the BC for its physical, 
chemical and biological properties before 
and after coating herbal extracts.

Summary of the findings

v Results of FT-IR of BC (uncoated) is given in 
Figure 20.

Figure 20   FT-IR spectra of bacterial cellulose
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vBC coated with N1 extract showed 
antibacterial activity against both Gram 
positive and Gram negative bacteria; whereas 
the H1 coated BC showed the activity against 
Gram positive alone.

vThe percentage of exudates absorption was 
250 times (Sample 1: BC [untreated]; Sample 
2: BC [N1]; Sample 3: BC [H1]) higher (Figure 
21).

vSimilarly the water holding capacity of BC is 
high.  

vThe haemolysis test (Figure 22) showed that 

Figure 21   Exudates absorption ability of herbal 
extract coated and uncoated bacterial 

cellulose

Figure 22  Haemolysis test

Sample 1: BC [untreated] 

the dried BC film (treated with N1 and H1) was 
non haemolytic when compared to dried BC 
(untreated). 

v In vitro wound scratch assay showed 
complete healing within 18 h of treatment 
(Figure 23). 

Figure 23  In vitro wound scratch assay
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KERATIN SUBSTRATES FOR WOUND 
HEALING AND TISSUE REGENERATION

Keratin belongs to the family of fibrous structural 
proteins. Keratin is a protein that protects epithelial 
cells from damage and holds the epithelial cell 
together.  It is the key structural material making up 
the outer layer of human skin. It is the key structural 
component of hair and nails, and it provides the 
necessary strength. Keratin biomaterial facilitates 
cell adhesion by acting as a natural Extra Cellular 
Matrix (ECM). This study aims to develop a keratin 
based wound healing substrate that could heal the 
wound in a more effective way.

Objectives

ØTo extract keratin from natural material.
ØTo evaluate the chemical and biological 

properties of the extracted keratin
ØFormation of Keratin loaded sodium alginate 

spheres.
ØTo optimize the keratin release profile.
ØTo study the bio-compatible properties of 

keratin.

Summary of findings

1. Protein quantification by Lowry's method

The concentration of the keratin present in the 
keratin hydrolysate was found by lowry’s method by 
taking BSA as standard. Its concentration was 
found to be 2mg per ml. And the overall yield was 
about 80 % to the initial weight of natural material 
taken.

2. FTIR results showed the presence of amino 
groups and primary, secondary and tertiary amines 
which confirmed the presence of proteins (Figure  
24).

Figure 24   FT-IR spectra of keratin

3. Keratin release profile was found by immersing it 
in PBS at 37ºC in a shaker incubator for 3 days. The 
keratin loading efficiency was 65% and the release 
was 100 % at the end of the 3rd day (Figure 25).

Figure 25  In vitro release profile of keratin

4. Cytotoxicity test by MTT assay protocol revealed 
that keratin biomaterial is not cytotoxic and 
promotes cell proliferation. Samples collected at 
various time intervals were evaluated for their 
cytotoxicity. It was found that the lowest 
concentration of keratin had a high cell proliferation 
rate (Figure 26).

Figure 26   In vitro cytotoxicity of keratin on L929 
mouse fibroblast cells

DEVELOPMENT OF SELF ASSEMBLED 
PEPTIDE BASED BIOMATERIAL FOR THE 
CONTROLLED RELEASE OF 
CHEMOTHERAPEUTIC DRUGS. 

Chemotherapeutic agents, administered either 
alone or in combination with surgery and radiation, 
are currently the most effective methods for the 
treatment of metastatic cancer as it produces the 
highest survival and cure rates. In the present 
study, the possibility of using self assembled 
peptide based biomaterial for the sustained 
delivery of chemotherapeutic drugs used in the 
treatment of ovarian and breast cancers was 
investigated. 
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Objectives

a. To design and/or select self assembled 
peptides to incorporate chemotherapeutic 
drug.

b. To investigate the complex formation of 
hydrophobic chemotherapeutic drug with 
a SAP and in vitro drug release kinetics 
from the resulting complex. 

c. To study the functional response and 
therapeutic efficacy of SAP 
chemotherapeutic drug complexes on 
normal and ovarian/breast cancer cells 
using suitable in vitro models.

Summary of the findings

a. Transparent and homogenous hydrogel of 
RADA16-I at  concentrations of 100 ìM, 
200 ìM, 500 ìM, 0.25 M and 1M were 
obtained.

b. The relationship between peptide 
concentration and time as a factor of 
hydrogel formation was established.

c. Structural characterization using AFM and 
FeSEM revealed the nanofiber forming 
ability of SAP; the sizes of the fibrils were in 
the ranges of few microns to few hundred 
nanometers. 

d. Structural arrangement through FT-IR and 
CD confirmed stable â-sheet structure of 
SAP.

Figure 27  Rheological properties of SAP; Figure 28  Morphological characterization of the peptide 
hydrogel by AFM (2A and 2B) and FeSEM (2C and 2D);  Figure 29  A. FT-IR spectra of the lyophilized 
peptide powder (  ) and its dispersion in water at pH 7 (    ) B. CD spectra of SAP hydrogel: Before sonication  
(   ) , after sonication: 30 mins (   ), 1 (  ), 2 (   ), 3 (   ), 4 (   ) and 24 h (  )

Work to be carried out during the year

a. In silico analysis to study the interaction 
between SAP and chemotherapeutic 
drugs.

b. Anticancer activity of direct and SAP 
mediated delivery using suitable in vitro 
models.

c. Relationship between release kinetics and 
cell death. 

EGG SHELL MEMBRANE (ESM)– A NATURAL 
MICROBIAL FILTER AND SCAFFOLD FOR THE 
TISSUE ENGINEERING OF FIBROBLAST 
CELLS

Chicken egg shell and its membranes are 
inexpensive and abundant waste materials which 
exhibit interesting properties like moisture 
retention, biodegradability and bacterial filtration.  
The microbial filtration efficiency of ESM was 
evaluated and the possibility for tissue engineering 
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application was explored with specific emphasis on 
the growth of skin cells.

Objectives

ØTo evaluate the microbial filtration 
efficiency of ESM.

ØTo study the effect of temperature and 
time on the structural property of ESM.

ØTo investigate the effect of sterilization on 
the growth of skin cells.

ØTo check the biodegradability of ESM 
stored under different conditions and 
exposed to d i fferent  modes of  
sterilization.

Summary of the findings

ØMicrobial filtration of ESM studied by 
Bacterial Filtration Efficiency (BFE) 
showed a filtration efficiency of 30% 
(Figure 30 and Table 17); agar egg 
approach (Figure 31) and wet penetration 
method showed no penetration of 
microbes across shell membrane.

Figure 30  Bacterial Filtration Efficiency

Table 17   Bacterial filtration efficiency

Plate number  ESM  Positive control

1  3249  3584  

2  920  1482  
3  816  1254  
4

 
108

 
834

 
5

 
80

 
627

 
6

 
30

 
456

 

Figure 31 Agar egg penetration method

ØESM stored in di fferent storage 
temperatures for different time periods 
were observed for structural changes 
using Fe-SEM and found absence of 
changes in its structure (Figure 32  ).

Figure 32     FeSEM analysis of ESM stored in 
different temperatures for different time periods.

ØBiocompatibility study results showed 
increased cell proliferation in autoclaved 
membrane;  the fibrous nature of ESM 
provided favourable conditions for the 
growth of fibroblast cells.
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DEVELOPMENT OF ABSORBENT DRESSINGS 
FOR STOMA SITES

A moisture management absorbent dressing is 
used around stoma sites such as tracheostomy 
tube sites (Trach tube), gastrostomy tube sites (g-
tube), Intravenous tube sites (IV tube) and chest 
tube sites. 

Tube insertion is associated with increased risk of 
infections which includes, stoma site infections, 
drainage of exudates at stoma site, irritation, 
granulation tissue coming out around the tube site, 
redness, swelling or warmth at the tube site. 

Hence, to absorb the exudates from stoma sites, to 
prevent stoma site infection and to maintain a 
healthy environment around the wound, a moisture 
management absorbent stoma dressing is being 
used. 

Currently, there are many absorbent gauzes or 
sponges available and are being used as 

absorbent dressings around g-tubes, tracheostomy 
tubes, IV sites and chest tubes. These products 
lack the ability to absorb fluid and to lock the fluid 
into the core so that the skin remains dry, clean and 
free of contaminations.

Objectives:
 

vTo develop an absorbent stoma dressing 
for higher absorption of exudates and 
better wearer comfort.

vTo develop stoma dressing in different 
combinations and compare their efficiency 
with respect to exudates absorption, 
dryness, moisture management, moisture 
v a p o u r  t r a n s m i s s i o n  r a t e  a n d  
biocompatibility. 

Stoma dressings were developed in 
fourteen different combinations with variations in 
contacting layer (Table 18). 

Sample
No.  

Top layer  Core  Cover layer Bottom Layer

Nonwoven  GSM  Material  Weight (g)

 

Nonwoven GSM Nonwoven GSM

A1
 

PP Spun bond
 

17
 

Wood pulp
 

3
 

PP Spun 

bond
20 SMS 43

A2

 

PP Spun bond

 

17

 

Wood pulp + 

SAP

 

2.85 + 

0.15

 

PP Spun 

bond
20 SMS 43

B1

 

Viscose Spunlace

 

100

 

Wood pulp

 

3

 

PP Spun 

bond
20 SMS 43

B2

 

Viscose Spunlace

 

100

 

Wood pulp + 

SAP

 

2.85 + 

0.15

 

PP Spun 

bond
20 SMS 43

B3

 

Viscose Spunlace

 

85

 

Wood pulp

 

3

 

PP Spun 

bond
20 SMS 43

B4

 

Viscose Spunlace

 

85

 

Wood pulp + 

SAP

 

2.85 + 

0.15

 

PP Spun 

bond
20 SMS 43

C1

 

Polyester aperture 

Spunlace

 

40

 

Wood pulp

 

3

 

PP Spun 

bond
20 SMS 43

C2

 

Polyester aperture 

Spunlace

 

40

 

Wood pulp + 

SAP

 

2.85 + 

0.15

 

PP Spun 

bond
20 SMS 43

C3

 

Polyester Spunlace

 

75

 

Wood pulp

 

3

 

PP Spun 

bond
20 SMS 43

C4 Polyester Spunlace 75
Wood pulp + 

SAP

2.85 + 

0.15

PP Spun 

bond
20 SMS 43

D1
Polyester/Viscose 

Spunlace
70 Wood pulp 3

PP Spun 

bond
20 SMS 43

D2
Polyester/Viscose 

Spunlace
70

Wood pulp + 

SAP

2.85 + 

0.15

PP Spun 

bond
20 SMS 43

E1 Cotton Spunlace 90 Wood pulp 3
PP Spun 

bond
20 SMS 43

E2 Cotton Spunlace 90
Wood pulp + 

SAP

2.85 + 

0.15

PP Spun 

bond
20 SMS 43

Table 18  Materials used in the construction of stoma dressing

SMS - Spun bond + Meltblown + Spun bond,   SAP - Super absorbent polymer
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Physical (exudates absorption, dryness, moisture 
management and moisture vapour transmission 
ra te )  and b io log ica l  (b iocompat ib i l i t y )  
characterizations are under progress.

C H I T O S A N  A N D  WAT E R  S O L U B L E  
CELLULOSE NANO-SPHERES FOR WOUND 
HEALING AND HEMOSTATIC APPLICATIONS. 

Hemorrhage remains the leading cause of combat 
death and a major cause of death from potentially 
survivable injuries. Many of the commercially 
available haemostatic materials work on the 
principle of absorption of blood components. In the 
present study, an attempt has been made to 
accelerate the coagulation.       

Objectives of the project

1. Preparation of nano spheres from water 
soluble oxidized cellulose with chitosan 
via. polyelectrolyte complexation 

2. To study drug loading and releasing from 
nano spheres 

3. Study the wound healing properties of 
citosan via. drug releasing  and 
antimicrobial mechanism

4. To examine the haemostatic activity via 
polyelectrolyte complexation  

Work done

vNano-spheres using OCNF with chitosan 
and hydrobhobic modification. 

vIts functional groups have been identified 
by FTIR spectroscopy. 

vSpheres were agglomerated with each 
other. 

vHydrophobic modification of this nano-
sphere produced spherical shaped nano 
particles. 

vThe surface charge of this particle was 
confirmed by hydrophobic modification 
and sticking on the chitosan film. 

The nano-spheres were prepared with cationic 
polymers like chitosan. OCNF was dissolved in 
water and stirred with a magnetic stirrer. Chitosan 
was added drop-wise into the stirred OCNF 
solution with different concentrations. The 
transparent solution was analyzed by a SEM. The 
SEM image clearly showed nano-spheres of OCNF 
in nanometer sizes (Figure 33). The average size of 
the spheres were calculated from more than 500 
spheres and it was observed that the average 
particle size was around 450 nm and spheres of 
about 50 nm were also observed.

Figure 33   SEM images of nano spheres

The cytotoxicity of OCNF was analyzed with L-929 
fibroblast cell line by ISO standard. The cytotoxicity 
test results showed upto 15 %  increase in the 
number of cell counts by MTT assay, which 
revealed that this material highly supports cell 

growth and also cell proliferations (Figure 34).

Figure 34  Cytotoxicity of cellulose nano 
crystals
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FTIR has been used to identify the functional 
groups present in OCNF and nano-spheres (Figure 

-1
35). The CH stretching appeared at 2920 cm , the 
C6 primary hydroxyl group oxidized into 
corresponding carboxylic acid, C=O stretching 

-1
appeared at 1725 cm  and asymmetric stretching 

-1
appeared at 1420 cm  .  These peaks confirm the 
presence of Carboxylic acid, the band appeared at 

-1
3420 cm  due to the –COOH and –OH groups the 
broadening indicates the high moisture 
absorbance nature of OCNF and confirming the 
presence of carboxylic acid. The nano-spheres of 
OCNF with chitosan showed characteristic 
absorption at 1735 for oxidized cellulose C=O. 

Figure 35   FTIR spectra of Nano spheres

Work relating to drug loading and releasing from 
nano spheres, the wound healing via drug 
releasing  and antimicrobial mechanism  and 
haemostat ic act iv i ty v ia polyelectrolyte 
complexation is currently in progress.  

PREPARATION OF CELLULOSE NANO 
CRYSTALS FILM FOR EXTERNAL 
HEMORRHAGE APPLICATIONS

Oxidized cellulose is one of the pioneer 
haemostatic materials available. In this study, 
cellulose material was oxidized on the surface of 
cellulose fibre. The oxidized surface plays an 
important role during the blood coagulation 
process. The surface areas of the oxidized 
cellulose were increased by cellulose nano-
crystals. 

Objectives of the project

1. Identification and preparation of cellulose 
nano crystals.

2. Oxidation of cellulose nano crystals 
3. Preparation of CNC and OCNC film

The nanocrystals were identified by FE-SEM 
imaging (Figure 36).  All reactions were given 
uniform size distribution of nanocrystals above 50 
nm in length (Figure 30).

Figure 36  SEM images of cellulose nano crystals

Figure 37   Yield of CNC

The well dispersed cellulose nanocrystals solution 
was casted as film and transference CNC film was 
obtained (Figure 38).
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Figure 38  Cellulose Film

All the films were subjected to FT-IR analysis. The 
FT-IR spectra of the cellulose nanocrystals were 
prepared by using different acid concentrations. All 
the samples prepared under varying reaction 
conditions gave spectral patterns very similar to 
that of cellulose nanocrystals (Figure 39) .  

Figure 39   FTIR spectra of Cellulose nano 
crystals

The only difference observed was in the peak 
intensity, especially the intensity at 3600–3000 
cm_1, which corresponds to the –O–H group 
varying for each sample. This implies that the 
moisture content in each of the samples may differ. 

This effect can be appreciated from consideration 
of the decrease in the broadening of the hydroxyl 
peak.

PREPARATION OF THERMO RESPONSIVE 
POLYMER GRAFTED CELLULOSE NANO 
CRYSTAL MICRO SPHERES FOR DRUG 
DELIVERY

An ideal drug delivery system is one in which the 
drug delivery profile is able to respond to metabolic 
states and/or physiological variations. This kind of 
system relies on two premises: the first is the 
temporal drug modulation according to the 
physiological needs and the second is the drug 
distribution on a specific target. Smart polymers, or 
stimuli-responsive polymers, are in the vanguard of 
drug administration technology since they show an 
active response to small signs and changes in the 
surrounding environment, which translates into 
significant changes in their microstructure and in 
the physiological and chemical properties, as 
desired.  In line with this, the present project 
attempts to explore the possibility of using poly 
diethyl acryl amide and poly diethanol acryl amide 
for drug delivery application by grafting on cellulose 
nano crystals.

Key objectives of the study

1. Preparation of cellulose nano crystals 

2. Preparation of cellulose nano crystals film 

3. Synthesis of thermo responsive polymers 
such as Poly (N,N' – diethyl acrylamide) 
and Poly(N,N'-diethanol acrylamide).

4. Graft polymerization on cellulose nano 
crystals

Work done

Cellulose nanocrystals were prepared by an 
indigenously developed method and characterized 
by using FTIR and SEM analysis. The 
thermoresponsive polymers were synthesized by a 
three step reaction, the first one is preparation of 
monomer, this monomer synthesis  consists of a 
two step reaction, acryloyl chlorides were prepared 
and they were reacted with amines. The structure of 

1
monomers  was conf i rmed by  H-NMR 
spectroscopy. The free radical polymerization 
reaction was carried out and the structure of the 

1
polymer was confirmed by H-NMR (Figure 40).
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Figure 40  Free radical polymerization reaction

The grafting on cellulose nanocrystals were carried 
out by free radical polymerization reaction.

HYDROPHOBIC MODIFICATION (OIL 
COATING) ON CELLULOSE FIBER FOR OIL-
WATER SEPARATION

Oil-water separation is a highly complicated system 
and costly. Hydrophobic modification on cellulose 
fibre is one of the methods used to separate oil from 
water but the drawback is cost of the material. To 
address this problem, an attempt is taken to coat 
the oil on the cellulose fibres and study their 
physical and chemical characteristics.  The 
vegetable oil coating on the cotton fibres and fabric 
was carried out by using commercially available 
catalysis. 

Objectives of the project

1. Isolation of fatty acids from oils 
2. Hydrophobic modification on crushed 

woof pulp using fatty acid.
3. Hydrophobic modification on cellulose 

microcrystalline and cellulose fiber using 
fatty acid.

4. Hydrophobic modification on cotton 
fabric.

Work done

The fatty acids were isolated from vegetable oil 
through the saponification reaction. The isolated 
fatty acid were reacted with crushed wood pulp in 
the presence of catalysis and the same reaction 
was carried out with stearic acid. The alkylation on 
wood pulp were confirmed by FTIR spectroscopy 

(Figure 41), the ester carbonyl stretching appearing 
-1

at 1650 cm .    

Figure 41  FTIR spectra of cellulose and surface 
modified cellulose

Work relating to hydrophobic modification on 
microcrystalline cellulose and cotton fiber and 
hydrophobic modification on cotton fabric are in 
progress.

N A N O C O M P O S I T E  H Y D R O G E L S :  
PREPARATION, CHARACTERIZATION AND ITS 
APPLICATION AS HAEMOSTATIC AGENT

Objectives

§To synthesize a nano composite hydrogel 
composed of polysaccharides and clay 
composite.

§Evaluate the swelling capacity of these 
hydrogels and to investigate the hydrogel 
interactions with blood (Hemostasis) 
through in vitro studies of blood 
coagulation, degradation, and cytotoxicity.

§Evaluate the importance and efficacy of 
2+

Ca  ion release from the hydrogels in the 
haemostatic action on whole blood 
coagulation and platelet aggregation.

Clay was well exfoliated in polymer solution (1%) at 
various clay concentrations of 1%, 2% and 3%. 
EDX confirmed the presence of clay in the chitosan 
films.
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§ Good antimicrobial efficacy was exhibited by 
these nanocomposite films (CH/CL) particularly 
against S. aureus with maximum zone of inhibition 
of 3.5cms when compared against E.coli (Figure 42 
& Table 19).

Figure 42  Antibacterial efficacy of 
films against Gram Positive (a) and 

Gram Negative (b) bacteria

Table 19  Effectiveness of films against Gram 
positive and Gram negative bacterias.

Sample
 

Type of Bacteria
 

S. aureus

 
E. coli

CHZY 5.2

 

L

 

Under Film Absent

 

Under Film Absent

M

 

2.2 cms

 

Under Film Absent

CHZY 5.3

 

L

 

Under Film Absent

 

Under Film present

M

 

2.7 cms

 

3.5 cms

CHZY 5.1
L 1.6 cms Under Film Absent

M 1.3 cms Under Film present

§ Clay loaded nanocomposite hydrogels were 
successfully produced at polymer (1%), various 
concentrations of clay and polymer solution and the 
chemical composition was confirmed by FTIR 
(Figure 43).

Figure 43: FTIR spectrum of nanocomposite 
Hydrogel at 3% clay.

§ The nanocomposite hydrogels swells to 33 
times its own weight in water (Figure 44).

Figure 44   Degree of swelling by its own weight.

D E S I G N  A N D  FA B R I C AT I O N  O F  A N  
I N S T R U M E N T  T O  E VA L U AT E  T H E  
CHARACTERISTICS OF FLUID HANDLING 
CAPACITY OF WOUND CARE DRESSINGS 
(Sponsored by the Ministry of Textiles, Govt. of 
India)

Amongst all other characteristics, fluid (exudates) 
handling capacity of the wound care dressings play 
a vital role in a wound healing process. 

The choice of primary and secondary wound care 
dressings are based on the fluid handling capacity. 
Therefore, it is important to measure the fluid 
handling capacity before opting for specific 
dressing material. Since there is no indigenous 
instrument to assess the fluid handling capacity 
characteristics, it is intended to develop an 
instrument for achieving the purpose.

Objectives 

vTo study the relevant international 
standards for evaluating fluid handling 
capacity of the wound dressings.

vTo develop an instrument to assess the 
characteristics of fluid handling capacity of 
wound care dressings based on the 
limitations associated with the existing 
international standards. 

Work done 

vDressings used for low, moderate and 
highly exudating wounds were procured 
and their fluid handling characteristics 
were studied as per International 
standards. 

vPaddington cup was developed as per EN 
13726.
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vThe drawbacks and limitations of the 
existing test method were analyzed.

Aspect of absorbency- Free swell absorbency

Free swell absorbency of the commercial wound 
dressings were analyzed as per International 
standard and results are given in Table 20.

Table 20  Free swell absorbency of wound 
dressings

S.No
 

Dressing
 Absorbency 

g/10 cm2
 

1  Alginate dressings  2.6 

2  Tega derm  1.2 

Aspects of absorbency – Fluid handling capacity:

Fluid handling capacity of the commercial wound 
dressings was analyzed as per International 
standards and the results are presented in                  
Table 21.

Table 21   Fluid handling capacity (FHC) of 
wound dressings over 24 hours

S.No

 
Dressing

 

Moisture 
vapor loss

 (g/10 cm
2
)

 

Absorbency
(g/10 cm

2
)

FHC
(g/10 cm

1

 

Allevyn Classic 
Adhesive –

 

Smith & 
Nephew

16.53

 

4.95 21.48

2
Allevyn Gentle – Smith 

& Nephew
15.26 5.98 21.24

2
)

DESIGN  AND  FABRICATION  OF  AN  
INSTRUMENT  TO  EVALUATE RESISTANCE  
OF  MEDICAL  FACE  MASKS  TO  
PENETRATION  BY  HIGH VELOCITY  STREAM  
OF  BLOOD  FROM  A  PUNCTURED WOUND 

One of the important quality requirements of a 
medical face mask is its blood penetration 
resistance performance in a manner representing 
actual use as might occur when the face mask is 
contacted by a high velocity stream of blood from a 
punctured blood vessel.

At present, instruments to assess this characteristic 
of medical face masks are not indigenously 
manufactured. The present project aims to address 
this issue.

Objectives

vTo develop an instrument to assess the 
resistance of materials used in medical 
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face masks to penetration by high velocity 
stream of blood.

vTo measure the resistance of facemasks to 
the penetration against the high velocity 
stream of synthetic blood 

vTo trace the blood particles or otherwise at 
the backside of the specimen using image 
analysis technique

Summary of the findings

As it is not possible to use actual blood, for obvious 
reasons, synthetic blood was used in the whole 
experimentation. Synthetic blood is a mixture of a 
red dye/surfactant, thickening agent and distilled 
water having a surface tension and viscosity 
equivalent to that of actual blood. The surface 
tension of the synthetic blood should be in the 
range of 0.042 ± 0.002 N/m.

Procurement of components required for 
fabrication and preparation of synthetic blood were 
completed. Fabrication of the testing instrument is 
in progress.

DEVELOPMENT OF AN INDIGENOUS VIRAL 
BARRIER FABRIC 
(Sponsored by the Ministry of Textiles, Govt. 
of India)

Blood borne pathogens such as filo virus (Ebola), 
SARS, Avian flu can spread through direct contact 
with infected body fluids or through aerosolized 
infected particles via mucous membranes (eyes, 
mouth, nose) or  by coming in contact with infected 
object such as needle, syringe, and shaving blade 
or from infected surfaces. Hence, use of personal 
protective textiles is very essential not only for 
healthcare workers and patients but also for the 
non-healthcare workers and care of surrounding 
environment. Many countries have made it 
compulsory that employers should provide proper 
personal protective equipment for healthcare 
workers. The performance and selection of textile 
as barrier or as filter against infectious organisms 
has become very critical depending upon category 
of biological agents' infection severity. Very 
important part in the development of PPE for 
infectious disease is to have barrier properties with 
requ i red mechan ica l  per formance and 
breathability. Breathable film / membrane fabric 
laminates are finding increasing acceptance in viral 
barrier applications. Usually by increasing the 
barrier properties, the breathability of the barrier 
fabric gets affected. 
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The Anterior Cruciate Ligament (ACL) is one of a 
pair of cruciate ligaments (the other being the 
posterior cruciate ligament) in the human knee. 
They are also called cruciform ligaments as they 
are arranged in a crossed formation. In the 
quadruped stifle joint (analogous to the knee), 
based on its anatomical position, it is also referred 
to as the cranial cruciate ligament. The anterior 
cruciate ligament is one of the four main ligaments 
of the knee as shown in the figure below.

Annual Report 2015 - 16

The proposed project suggests usage of micro-
nano porous structure as filter / barrier 
compartment.  Compared to traditional surgical 
gowns with multilayer, the fabric with micro-nano 
porous structure as a layer will have better barrier 
properties / efficiencies. In the case of barrier fabric 
with micro-nano porous structure, the requirement 
of GSM for similar barrier property can be reduced. 
Reduction in GSM may help in increased 
breathability and comfort level.   

DEVELOPMENT OF ANTERIOR CRUCIATE 
L I G A M E N T S  ( A C L )  U S I N G  T E X T I L E  
MATERIALS
(Sponsored by: Ministry of Textiles, 
Government of India, New Delhi.)

Objective:

ØTo develop Ultra High Molecular 
Weight Polyethylene (UHMWPE) 
yarn braided ligaments for 
reconstruction of Anterior Cruciate 
Ligament (ACL)

Sportsmen can tear or injure their ACL's during 
sports activity. ACL tears are one of the most 
common knee injuries, with over 100,000 ACL tears 
in the US occurring annually. Most ACL tears are a 
result of landing or planting in cutting or pivoting 
sports, with or without contact. Athletes having a 
serious complete tear will require an ACL 
reconstruction because the ACL is crucial for 
stabilizing the knee when turning or planting. 

If the ACL is damaged, it will affect one's walking 
motion fully and create discomfort while walking. 
ACL reconstruction is a surgical tissue graft 
replacement of the Anterior Cruciate Ligament, 
located in the knee, to restore its function after 
anterior cruciate ligament injury. The torn ligament 
is removed from the knee before the graft is 
inserted. 

In this project it is proposed to develop ACL 
ligaments using Ultra High Molecular Weight 
Molecular Weight Polyethylene (UHMWPE) yarn. 
ACL ligament it is planned to be prepared using 
braiding technology. The load bearing capacity and 
tissue compatibility will be studied, towards 
standardizing the material. 
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Disposable heat and moisture exchangers have 
established themselves as convenient and 
efficient devices for maintaining a humid 
environment in the upper airway of patients whose 
trachea are intubated. They are used increasingly 
as filters to prevent contamination of breathing 
apparatus and to limit cross infection, particularly 
in the setting of intensive care. The need for 
standard is of importance because sepsis, multi-
organ failure and viral contamination account for 
considerable morbidity and mortality.
 
Raw materials are in the process of being 
procured and its proposed to develop sub micron 
non-woven webs by electro spinning method.  
The material combination of the product and 
process would be optimized based on testing and 
quality evaluation.

DEVELOPMENT OF NANO FIBROUS 
MEMBRANE FOR WOUND HEALING BY 
CONTROLLED RELEASE OF INDIAN HONEY 
AND CURCUMIN (Sponsored by the 
Department of Science and Technology under 
the Nanomission project)

Honey and curcumin are consumed as food, 
medicine and used in beauty therapy, cosmetics 
etc. Ancient and modern literatures reported 
broad spectrum activities of honey and curcumin 
against aerobes/anaerobes, gram positive/ gram 
negative, multi drug resistant (MRSA) microbes. 
Honey also helps/promotes fast healing with 
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DEVELOPMENT OF NANOPARTICLE BASED 
TRANSDERMAL PATCHES OF SELECTED 
CARDIOVASCULAR DRUGS  
(Sponsored by the Ministry of Textiles, Govt. of 
India)

Drugs have been administered by oral route for 
centuries and continue to be the most preferred 
route of administration. Slow and unpredictable 
absorption, gastric degradation of drugs and side 
effects like gastric irritation and vomiting are some 
of the disadvantages of this route. Generally, 
parenteral route is used as a substitute for oral 
route but this route too has its own set of 
disadvantages like pain and being costly etc. So a 
quest for alternative routes of drug administration 
which would help overcome, if not all, at least most 
of the disadvantages of both parenteral and oral 
route is on for a long time. A promising drug delivery 
system that can overcome disadvantages of both 
oral and parenteral route of administration is 
transdermal drug delivery system. The major factor 
that determines the success and effectiveness of 
transdermal drug delivery system is the ability of 
the drug to permeate through the skin. Drugs with 
molecular weight greater than 400-500 daltons 
cannot permeate through the skin. A wide range of 
chemical and physical agents like ultrasound, 
electroporation and iontophoresis are applied to 
enhance the permeation of drugs. The recent 
strategy is to combine nanotechnology with 
transdermal patches to enhance the rate of drug 
delivery. 

The prevalence of coronary heart disease in India 
was estimated to be 3-4 per cent in rural areas and 
8-10 per cent in urban areas with a total of 29.8 
million affected (14.1 million in urban areas, and 
15.7 million in rural areas) according to population-
based cross-sectional surveys. This estimate is 
comparable to the figure of 31.8 million affected, 
derived from extrapolations of the Global Burden of 
Diseases study. The development of transdermal 
patches, as a substitute to oral and parenteral 
routes can help to manage patients with 
cardiovascular disorders and decrease morbidity 
and mortality.

HEAT AND MOISTURE EXCHANGE FILTER 
(Sponsored by the Ministry of Textiles, 
Government of India)

Objectives

The main objectives of the project were to,

ØDevelop a submicron non-woven filter for 
breathing system in clean anesthesia oral 

lowing ICU circuits to remain free of 
patients micro-flora.

ØMaintain humidity and heat within the 
medium.
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minimum scar, less pain, fewer odours. Honey is 
antioxidant and a humectant. There are practical 
limitations of the honey application on wound in its 
natural liquid form. Honey is generally viscous at 
room temperature and becomes diluted due to 
body temperature and wound exudates, causing it 
to run off from the wound. To avoid this, honey is 
applied with absorbent dressing. However, it is 
difficult to infuse honey into the absorbent 
dressings. When applied with adhesive film for 
deeper wounds, honey stick and damage the 
tissues. 

Considering the above limitations, honey:curcumin 
nanofibers with controlled release can be used. 
Ultra-fine, highly porous electrospun mats promote 
haemostasis phase and faster wound healing. 
Nano fibrous dressing materials are porous enough 
to promote wound healing by paving a way for moist 
environment over the wound surface, drain wound 
exudates and permit fresh air/oxygen for skin cell 
growth. Due to hygroscopic nature of honey, the 
nanofibrous in mat form remains moist to provide 
necessary moisture for wound healing. 



49

SERVICES TO MILLS

Services continued to be an important area of 
SITRA’s work during the year. Of the 235 working 
units, almost 89% utilised/participated in one or 
more of the five services broad services offered by 
SITRA  viz., testing, training, inter-firm comparison 
studies/surveys, consultation and other services. 
While more than 37% of the members utilised 
atleast   2 services, only about  12%  of the mills did 
not utilise any of the services offered by SITRA  
(Figure 45).

The services availed by the mills during 2015 - 16 
are given in Table 22.

    Material                                 Commercial                                     Project and Others
 

Samples Tests Samples Tests

Fibres 36763 124214 293 1831

Yarns 17094 36258 143 294

Fabrics 1158 1974 15 24

  Chemical testing 9291 17524 94 182

CoE tests 3002 3442

Total 67308 183412 545 2331

Table 23 Testing services offered by SITRA during 2015 - 16  

Figure 45  Percentage of member mills utilising 
      SITRA’s services
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Table 22  SITRA's services availed by textile mills 
during 2015 - 16

             Type of service           Member      Non
                                units     members

 
 Fibre, yarn and fabric testing      189          2388

Consultancy services                   70            241

CPQ study and Online 
survey on RMC & YSP               108           200

Training: Executives,                                        
supervisors and operatives          99           228

Accessories testing &                                  
instrument calibration                   43          134

The testing service was very much in demand, with 
as many as 189 mills, representing almost 76% of 
SITRA’s membership, making use of this service. 
Close to 2400 non-member units also utilised this 
service. The number of samples tested during the 
year was 67308 (Table 23) which is an increase of 
7% as compared to the number of samples tested 
during the previous year (62,879). The increase is 
seen across all samples namely fibre, yarn, fabric 
and chemical testing.

The “Costs, Operational Performance and Yarn 
Quality" study (CPQ) covering key areas of a mill's 
functioning, initiated by SITRA 19 years ago, has 
been receiving good appreciation from mills. During 
the year 2015-16, 134 units availed this service.  

The monthly online survey of raw material cost and 
yarn selling price, initiated by SITRA in  April  2013,  
has received a good response during 2015-16 also. 
Around 75 mills participated in each of the 12 
surveys during the year.

 

TRANSFER OF TECHNOLOGY AND 

RESEARCH UTILISATION

2.6
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The managerial, functional and labour training 
programmes were also found to be in good demand 
during the year with  327 mills utilising this service 
wherein 591 persons have been trained. The 
details regarding the training programmes are 
given in the section under 'Training and 
Development Programmes'.

SITRA undertook a number of consultancy services 
during the year. It is noteworthy to mention that 
close to 30 % of SITRA’s member mills had retained 
SITRA for consultancy assignments on various 
operational problems, techno-economic studies, 
energy conservation studies and other managerial 
problems. Some of the important assignments that 
were handled by SITRA during the year, are listed 
below.

§Machinery valuation

§Work assignment study  

§Techno-economic viability study

§Energy audit

§Consultancy for technical staff recruitment 
for a co-operative federation 

§Consultancy on process standardisation

§Study of capacity and water consumption of 
soft flow fabric processing machines / Yarn 
dyeing machines

§ACS for humidification plants & compressors

§Study on compressed air system

§Performance improvement study

Details of the individual consultancy services that 
were offered to the mills are presented in Annexure V.

COMPUTER AIDED TEXTILE DESIGN 
CENTRES

With good response from the industry to its first 
Computer Aided Textile Design Centre (CAD), that 
was established in the year 1995, SITRA 
established 3 more centres, as a part of the PSCs. 
These 4 centres are functioning under SITRA's 
control without any financial assistance from the 
Ministry. The CAD system facilitates the creation of 
numerous designs quickly which can be varied or 
changed instantly depending upon the requirement 
of the customers. Computerised card punching, an 

intermediate technology, which will reduce the cost 
in both handloom and powerloom sectors, is also 
offered by the CAD centres. Table 24 shows the 
various services of these centres that were utilised 
by the decentralised weaving sector. 

Table 24  Services offered by the CAD centres 
during 2015 - 16  

S. No.        Type of service   No. of services

1. Designs development 

 /graph printouts 882

2. Card punching 285
3. Training programmes 7  

(persons trained)            (34)

POWERLOOM SERVICE CENTRES

To cater to the requirements of the decentralised 
powerloom sector, SITRA has set up powerloom 
service centres at various places of powerloom 
concentration.  The first of its kind was established 
at Somanur three decades ago. Since then six more 
centres have been established and all these 7 
7centres are sponsored by the Ministry of Textiles, 
Government of India. The centres are located in 
Tamil Nadu at Karur, Komarapalayam, Palladam, 
Rajapalayam, Salem, Somanur and Tiruchengode. 
SITRA also operates a textile service centre at 
Chennimalai for the benefit of both handloom and 
powerloom units in that region. 

The PSCs (Powerloom Service Centres) have 
conducted a number of interactive sessions with 
powerloom entrepreneurs under the TUF scheme. 
Various consultancy services like cluster 
development programme, machinery buyer-seller 
meet, exposure visits with Association & Society 
members to best practices following units at various 
places in India,  entrepreneur development 
programmes, etc., were offered during the year. 
The centres also carried out many machinery 
inspections under the credit linked capital subsidy 
scheme. Weaving units are also continuously 
getting the service of the centes for various aspects 
like new project report preparation, machinery 
valuation, techno-economic viability study, project 
appraisal, textile extension study tour, etc. 

Many units in Coimbatore, Erode, Namakkal and 
Salem districts that have installed rapier looms in 
recent times have immensely benefitted from the 
various services offered by the centres.
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The buyer-seller meets have created a good 
platform for manufacturers and have contributted to 
the huge volume of Indian poplin and cambric 
fabrics exported from these units.

Efforts taken by the SITRA powerloom service 
centres to implement the welfare schemes, under 
the Group Insurance scheme of Government of 
India, have benefitted about 21,736 workers 
engaged in weaving, twisting, warping and sizing 
units. 

The various services rendered by these powerloom 
service centres are given in Table 25.

Table 25 Services rendered by the powerloom 
service centres (2015 - 16)

S. Type of service             No. of 
 No. services

 1. Consultations 617

 2. New designs development 680

 3. Yarn / cloth / chemical samples 
testing 38,222 

 4. Training programmes 70
 
 5. No. of persons trained 709

 6. Liaison / request visits 3,828

 7. Number of looms inspected 28,316

 8. Number of special works 172*

* Seminars / Tuf meetings / Talks

SERVICES RENDERED BY THE KNITTING 
DIVISION

SITRA is undertaking knitting trials and suitably 
advising the spinning mills in the region to produce 
the required quality yarns. Apart from the above 
service, the knitting division is rendering several 
other important services like testing the knitted 
fabric, technical consultations, identification of the 
causes for the defects, sample development, 
machinery valuation etc., In addition to the above, 
the knitting department is conducting seminars 
focusing on the latest trends in the knitting industry 
and providing training at various levels. The 
following services were offered during 2015 - 16.

ØTesting of various quality parameters of 
knitted fabrics and garments
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Ø

ØConsultancy services

ØConducting training programmes

ØPreparing technical feasibility reports

ØMachinery valuation and inspection

The various services offered by the division in the 
year under review are given in Table 26. There has 
been a significant rise in the services utilised by the 
industry.  The increase is conistent on all the 
services namely testing, consultancy and training.

Table 26  Services offered by the knitting division 

                       (2015 - 16)

S. Type of service No. of
No. services

 1. Testing 2525
 

 2. Defect analysis 1,475

 3. Samples knitting on 

FAK machine 1,577

 4. Knitting performance of yarn 206

 5. Consultation 358
 

 6. Training programmes 4

(persons trained) (43) 

The testing services offered by the division 
continued to receive good response from the mills. 
Karl Mayer warp knitting and warping machines 
are available for mills/parties for samples 
development as well as product development in 
medical textiles.

The major testing services that were offered by the 
department include Fabric defects on inspection 
machine (84) Yarn Count (273), Weight per Unit 
Area (62), Fabric Ends per Inch and Picks per Inch 
(94), Twist per Inch (76), Spirality % (82)  Course 
Length / Loop Length (23), Shrinkage (20)and 
Others (336).  

SITRA WEAVING CENTRE

SITRA's weaving centre is fully equipped with 
different types of shuttleless weaving machines 
like, Sulzer Projectile P700 HP, Picanol GTX Plus 
Rapier, Toyota JAT 710 Air-jet and Dornier LWV 4/E 
Air-jet machines to provide the following services to 
the textile industry to meet the global competition.

Fabric faults, cause and remedial measures
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> Conducting weavers’ training and maintenance 
training programmes in shuttleless weaving    
machines

> Entrepreneur Development Programme for 
new  entrepreneurs to start weaving units.

> Preparation of project proposals, model projec
reports and technical feasibility study reports 
for weaving units under Technology 
Upgradation Fund (TUF) scheme.

> Conducting in-house training programmes for 
weaving units

> Consultancy services and liaison visits

> Product development and sample weaving

> Yarn performance study in shuttleless 
weaving machines

> Woven fabric defect analysis

> Training programme on fabric quality inspection 
and cloth analysis

> Management development programmes for 
sizing units 

> Supervisory development programmes

One Training of trainers programme  (25 trainers), 
1 In-house training programme, 5 Entrepreneur 
development programmes (22  entrepreneurs) and 
one vocat ional  t ra in ing programme on 
“Maintenance of shuttleless weaving machinery (4 
persons) were conducted. The weaving centre was 
incolved in the fabrication of viscosity cup (23) and 
offered 4 consultancy studies. 

SITRA TEXTILE CHEMISTRY DIVISION

t 

SITRA 's Textile Chemistry division,  with nearly 5 
decades of experience, has the skilled manpower 
and expertise to meet the ever increasing  
demands of today's  industries. The laboratory is 
accredited by National Accreditation Board for 
testing and calibration Laboratories (NABL) and 
meets the requirements of ISO / IEC 17025: 2005.  
SITRA's test reports are valid across the globe,  
SITRA is the only lab in South India having a 
dedicated wing for analysis of defects of textile 
materials based on standardized procedures.   The 
department's ecotesting, water analysis and fibre & 
wet processing laboratories  are equipped with 
State-of-the-art testing equipment to carry out 
testing on various aspects.

The department is involved in addressing the needs 
of industry for various technical problems.  The 
areas covered under consultancy services include  
Project appraisal for new and expansion projects, 
Technical guidance for setting-up of in-house 
quality control laboratory,  Techno-economic 
viability study for processing units, Process 
optimization to achieve desired quality parameters, 
Study of water consumption, material to liquor ratio 
of various processing machines, etc.   The Tamil 
Nadu Pollution Control Board (TNPCB) has 
recognized the department for conducting water 
consumption audits at chemical processing units. 
During the year, the department offered a wide 
range of consultancy services catering for the 
needs of the textile processing units, which were 
utilized by 57 units. The department also addressed 
to more than 1000 adhoc problems referred by the 
industry.
 
The department also conducts various training 
programmes to industry as well as educational 
institutions on various areas such as fibre 
identification and blend analysis, process and 
quality control in textile chemical processing, water 
and effluent testing, practical aspects of wet 
processing, evaluation of functional properties of 
textile materials, Introductory / value added 
programmes on chromatography / spectroscopy 
and their applications along with hands-on training 
on state-of-the art analytical instruments like 
HPTLC, HPLC, AAS, UV-Vis Spectrometer. During 
the year, the department was involved the 10 
different training programmes which was availed by 
close to 100 persons.

The department is also actively involved in 
research projects. During the year 2015-16, the 
division carried out 1 industry sponsored project, 
started 2 new in-house projects and completed a 
survey of processing units at Tamilnadu, India and 
Konabari cluster, Bangladesh.  

SITRA TEXTILE TESTING AND SERVICE 
CENTRE, TIRUPUR                 

In order to cater for the requirements of the knitting 
industry, textile processing units, export houses 
etc., in the region, SITRA has established a sample 
collection centre at Tirupur in the year 2005. 
Samples collected at the centre are brought to 
SITRA the same day. In many cases, results are 
reported to the customers within 24 hours, thus 
reducing considerably the turn around time. Based 
on customers' feedback, SITRA has upgraded the 
centre into an extension service centre and has 
completed the process of setting up a laboratory 
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with essential instruments for testing of knitted 
fabric / garments. During the year 2015, the centre 
had moved to a spacious building to accomodate 
more instruments. With additonal instruments 
added during the year, the centre has been able to 
reduce the turnaround time of sending samples to 
SITRA and carry out testing for water / effluent 
testing, fibre identification & blend analysis, etc. 
During the year under review, the centre tested 
1,001 samples with as many as 1,316 tests.

CENTRE OF EXCELLENCE FOR MEDICAL 
TEXTILES

The Centre of Excellence for medical textiles was 
established at SITRA under Mini Mission I of 
Technology Mission on Technical Textiles (TMTT), 
promoted by Office of the Textile Commissioner, 
Ministry of Textiles, Government of India during the 
year 2010.  The centre is actively involved in 
various activities such as Prototype development,  
Pilot scale production,  Testing and evaluation, 
Training and seminars, Standard formulations, 
Incubation services, Information resources, 
Research and development,  Technical 
consultancy and Detailed project reports for new 
ventures. It has technical collaboration with 
institutes like Bolton University, UK and PSG 
Institute of Advanced Studies under separate 
MoUs.  

The centre has been equipped with several high-
tech testing instruments for measuring various 
parameters for medical textile products. It has also 
developed many equipment on its own like the 
Synthetic Blood Penetration Resistance Tester, 
Bacterial Filtration Efficiency Tester, Compression 
Bandage  Pressure  Measurement  System and 
Particulate Filtration Efficiency Tester.

The centre's activities also include development of 
many medical textile products like Bifurcated 
Vascular Graft, 3D compression bandages for 
Lymphedema, Spunlace non-woven wound 
dressings for malodour wounds, Breathable 
Surgical gowns treated with Nano Finishes, Barbed 
- bi-directional surgical sutures, Hospital bed linens 
with enhanced thermal properties for coma 
patients, Hernia Mesh, Clinical Heart patch fabrics, 
Insole line for diabetic shoes, etc.  During the year, 
the centre developed wet wipes of different types, 
Curcumin loaded wood pulp and Chitosan coated 
gauze for different customers.

The centre is also involved in many sponsored as 
well as in-house projects.  During the year, the 
centre was involved in 5 sponsored and 13 in-
house projects.
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Another activity of the department includes training 
of personnel from industry as well as fresh 
entrepreneurs on avenues in medical textiles.  
During the year, the department trained  1028  
persons from 318 different institutions/ 
organizations.

Staff of the department are also registered with the 
Bharathiar University, Coimbatore to guide 
students for their M.Phil and Ph.D. in Medical 
Textiles.  The year witnessed the staffguiding 
seven masters students for their final year projects.

SITRA MICROBIOLOGY LABORATORY

Towards providing diversified services under 
chemical testing, SITRA had started the 
microbiology testing facilities as an extension of its 
chemistry laboratory in the year 2009. This NABL 
accredited laboratory is now under the CoE-
Meditech and is well equipped to test samples as 
per international test standard of ASTM, 
AATCC,APHA and IS and has the facility to test 
samples for bacterial filtration efficiency, 
antibacterial activity assessment of textile materials 
: parallel streak method, antibacterial finishes on 
textile materials: assessment of testing for 
antibacterial activity and efficacy on textile 
products, antifungal activity,  assessment on textile 
materials: mildew and rot resistance of textile 
materials, antimicrobial activity assessment of 
carpets, determining the antimicrobial activity of 
immobilized antimicrobial agents under dynamic 
contact conditions, antimicrobial susceptibility 
tests, methods of sampling and microbiological 
examination of water, heterotrophic plate count, 
ETO Sterilization, resistance of materials used in 
protective clothing 

SITRA CALIBRATION COTTONS

With the quality management systems like ISO and 
TQM being implemented in many mills, checking of 
accuracy or calibration of the testing instruments 
has become mandatory for the textile mills. SITRA 
calibration cottons have been extensively used by 
the mills for many years. The calibration cotton 
marked Sl4  & LL4 are being popularly used by the 
mills. During the year 2015-16, a total of 481 
packets of these cottons were supplied to mills in 
different parts of India.

to penetration by blood-borne 
pathogens using Phi X174 bacteriophage 
penetration as a test system, textile fabrics-
determination of antibacterial activity -Agar 
diffusion plate test and determining the activity of 
incorporated antimicrobial agent(s) in polymeric or 
hydrophobic materials.  During the year 2015-16, a 
total of 288 samples were tested by the  laboratory. 
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TEXTILE  ACCESSORIES TESTING                       

SITRA offers testing service to evaluate the quality 
of spinning and weaving accessories / spares as 
per BIS standards. Moreover, training is imparted 
to the mill technicians on aspects like evaluation of 
quality characteristics, sampling procedures, etc. A 
total of 2,395 samples covering various 
accessories like carton boxes, paper cones, rings 
and travellers, tubes, kraft papers, ring spinning 
bobbins, paper cores, etc., were tested during the 
year under review (Table 27) which is a marked 
increase in the numbers over the previous year.

Table 27  Textile accessories testing  (2015 - 16)

    S.  Particulars                                 No.of   
no.                                                 samples
   

1. Carton boxes 799

2. Paper cones 1347

3. Rings & travellers  78

4. Tubes 61

6. Paper cores 83

7. Craft papers 10

8. Carton sheet 17

CALIBRATION AND PERFORMANCE 
CERTIFICATION FOR INSTRUMENTS 

Calibrating testing equipment and maintaining their 
reports is a requirement as per quality systems like 
ISO and TQM. Many mills are seeking SITRA's 
help to get a "Calibration Certificate" for their textile 
testing and quality control instruments. SITRA's 
certificates are rated as equivalent to the national 
standards of the National Physical Laboratory, New 
Delhi. During the year under review, many weaving 
& knitting units availed the service of SITRA to 
receive calibration certificates for 444 textile testing 
and quality control instruments from 63 mills. 
Testing the performance of instruments developed 
by SITRA and manufactured by its licensees is 
another important service rendered for many 
years. During the year, 3 instruments were 
thoroughly checked for their performance and 
certificates were issued.

 

    Total 2395

PREPARATION OF QUALIFICATION PACKS 
FOR VARIOUS JOB ROLES IN TEXTILE MILLS

SITRA has been assigned the task of preparing 
National Occupational standards and Qualification 

Packs(QPs)  for various job roles in the textile 
sector by the Textile Sector Council of the National 
Skill Development Council working under the 
Ministry of Skill Development, Govt. of India. Only 
when the QPs are validated by the industry and 
finalised, industry can train personnel for that job 
role under the PMKVY and the RPL schemes.  
During last year, 12 job roles under the textile 
testing category were created by SITRA. These 
included 3 under knitting and 9 under spinning.  
SITRA also created the QP for the job role of 
powerloom operator.  This QP has now been 
validated by the industry and is available for the 
industry to carry out training for its powerloom 
operators.  The process of validation of the QPs 
under textile testing is currently under process.

A. Functional Programmes

SITRA's 36th Management Development 
Programme

The management development programme 
organised every year by SITRA attracts young 
entrepreneurs interested in understanding the 
various aspects of textile mill management.  Many 
young executives have immensely benefitted from 
this programme that have been conducted annually 
in previous years.

The intensive 2 months programme covers all the 
major aspects of mill management - material 
management, production and productivity, 
statistics and quality control, maintenance, 
financial management, energy management, 
personnel management, etc. Eight young 
executives attended the programme which was 
held during October-November 2015.

TRAINING SERVICES

1. STAFF TRAINING

Training programmes conducted every year by 
SITRA have been extensively utilised by the 
industry. The beneficiaries of such programmes 
range from managerial personne, middle level 
technicians and  operatives. During the year 2015-
16, 13 different training programmes were 
organised which include 11 functional programmes 
and 1 international training. The details of the 
various programmes are given in Table 28.
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Table 28  SITRA’s training and development  programmes (2015-16)

 Duration Category      
 S.                   Name of the programme (in days)
 No. A B C

Functional programmes    

1 34th Management Development Programme 60 1 8 8

2 Management Development programme
for TNTC, Chennai 2 1 1 22

3 Training Programme on “Low Voltage 
switchgear Selection & Maintenance” 3 1 17 20

4 Technical awareness programme for 
Management Trainees of NTC 3 1 1 40

5 Technical awareness programme 3 1 1 14

6 Training programmes on “Functional skills in 
testing & quality control for lab technicians” 3 1 32 36

7 Training on “Assessment of basic quality 
parameters” for Co-optex 3 1 1 2

8 Training for Trainers 5 1 1 18

9 Value addition course on Instrumental analysis 3 1 1 22

10 “Once Credit course” on Eco Processing 3 1 1 32

11 Training of Trainers under the 
PMKVY scheme of Textile Sector Council 3 16 134 352

12 Programme offered for entrepreneuers 
under CoE-Meditech 1-7 20 318 1028

   International programme

rd
13 SITRA’s 64  international training programme 60 1 13 25

                                  Total - 47 - 1619

Note : A - Batches     B - Orgnisations     C - Participants

Management Development programme for TNTC, 
Chennai

Under a request from the Directorate of Handlooms 
and Textiles. Govt. of Tamilnadu, SITRA conducted a 
two-day Management  Development  programme for  
the MDs and Administrators of the various units of the 
Directorate on 15th and 16th July, 2015.

The focus of the programme was to provide an 
exposure to the participants on areas like present 
textile scenario, cotton selection process, raw 
material properties, productivity, Critical areas of 

Process control in spinning, etc., Twenty two 
persons  attended the programme. Ms.Gokula 
Indra, Hon. Minister of Textiles, Govt. of Tamilnadu 
attended the valedictory session of the programme 
and distributed the course completion certificates to 
the participants.

Training Programme on “Low Voltage 
switchgear Selection & Maintenance”

With the objective of enhancing the knowledge of 
electrical personnel working in various industries 
on key aspects involved in the selection, operation 
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Training programme on “Ratcheting quality in yarn manufacture”
Training for Technical of offices from Directorate of Textiles, Govt. of Maharashtra 
Training programme on “Modern practices in sizing for hi-tech weaving machines”
“Textiles for non-textile personnel” training programme
Training programme on functional skills in testing and quality control for lab technicians 
Training programme on “Power Quality Management”
Training programme on “Defect analysis and the remedies in chemical processing”
Training programme on “Basics of Knitting Technology”
Technical Awareness programme
Training programme on “Testing on Analytical instruments”
Training Programme on “Low Voltage Switchgear Selection & Maintenance”
Training programme on “One credit course on Eco-testing”
Training programme on quality evaluation for Co-Optex
One credit course on Testing of textile dyes and auxiliaries
Awareness  programme on “Eco-parameters” 
Training programme on ISO 50001 Energy Management System 
Technical Entrepreneur Development programme on “Shuttleless weaving“
Training programme on “Shuttleless weaving machines“

  Ø    Introduction and necessity for testing
Ø Sampling techniques
Ø Testing of construction parameters of 

woven and knitted fabrics
Ø Colour theory & Computer colour matching
Ø Colour fastness  Ø    General Quality 
       Parameters 
Ø Inspection of garments and specific tests 

for garments
Ø Wash Care Label Instructions
Ø Eco Parameters, etc

Training on “Assessment of basic quality 
parameters” for Co-optex 

Under request from Cooptex, two technicians of the 
society were trained on basic quality parameters 
such as construction parameters, colour fastness 
to washing, rubbing, light and perspiration, 
dimensional stability to laundering, etc under a 
individual programme that was held in April 2016.

Training for Trainers 

At the request of a member mill in Coimbatore, 
SITRA conducted a 5 day training program for its 
trainers. Eighteen trainers  attended the 
programme.  The focus of the programme was to 
sensitize the participants on various technical 
aspects  involved in spinning mills like present 
textile scenario, government schemes; type of 
trainers, right work methods, absenteeism, 
materials handling, house keeping, etc.

Value addition course on Instrumental analysis

As part of value addition courses for their students, 
a private Arts and Science college in Coimbatore 
retained SITRA's services to conduct a three-day 
programme on Instrumental Analysis during 
February 2016.

Twenty students attended the programme which 
covered both theoret ical  and pract ical  
demonstrations. The topics covered during the 
course were,

Ø Introduction and principle of operation of 
analytical instruments

Ø Analysis on UV – Vis spectrometer
Ø Analysis on TOC analyser
Ø Ana lys i s  on  A tom ic  Abso rp t i on  

Spectrometer
Ø General test parameters for water / 

biological samples
Ø Good Laboratory Practices, etc.

and maintenance of low voltage switchgears, 
SITRA, in collaboration with L& T (the pioneers in 
switchgears) conducted a 3-day training 
programme on the Selection and Maintenance of 
Low Voltage Switchgears   during      August 10 - 
12,  2015.  The focus of the programme was to 
provide an exposure to the participants in areas like 
present textile scenario, cotton selection process, 
raw programme covered various topics like 
introduction to switchgears, circuit breakers, 
contactors & OLR, HRC  fuses,  motor starters & 
MPCBs, MCBs, ELCBs & DBs, selection and 
operation of MCCBs, operation and maintenance of 
ACBs, numerical relays, BBT and MV switchgear 
and fault level calculations. A total of 20 participants 
from various industries attended the programme. 
The programme, apart from covering theoretical 
sessions, provided an opportunity for the 
participants to have hands-on working on model 
switchgears.

Technical awareness programme

At the request from M/s. National Textile 
Corporation., SITRA conducted  a  three day 
training programme for their newly recruited 
management trainees. The focus of the programme 
was to sensitize them on various technical aspects 
involved in textiles namely, present textile scenario, 
spinning process, fibre properties, yarn properties, 
production and productivity aspects, basic 
maintenance in spinning mills, etc. Totally, 14 
trainees attended the programme.

Technical  awareness programme for 
Management Trainees of NTC

At a request from the National Textile Corporation, 
SITRA conducted a three -day training programme 
for their staff. The focus of the programme was to 
sensitize the participants on the various technical 
aspects including present textile scenario, spinning 
process, fiber properties, yarn properties, basic 
weaving process, etc., Forty trainees attended  the 
programme in two batches. 

Training programmes on “Functional skills in 
testing & quality control for lab technicians”

A 3 day training programme on “Functional skills in 
testing and quality control for lab technicians” for 
the technicians working in quality control / testing 
laboratories, merchandisers, exporters, etc. was 
organised in March 2016. Totally 36 participants 
attended this programme. Both theoretical and 
practical demonstrations were given to them. The 
topics that were covered during these were 
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“One credit course” on Eco Processing

A “One credit course on Eco-processing” was 
conducted for the students of Bannari Amman 
Institute of Technology, Sathyamangalam in 
October 2015. Thirty two students  attended this 
programme. Various topics related to the course 
namely, Textile industry & its environmental impact, 
Harmful substances in the textile supply chain, 
Water footprint of textiles, Different eco standards, 
Approaches for eco-friendly processing, Eco-
friendly fabric preparation methods, Solvent 
assisted processing, Ozone bleaching, Peracetic 
acid bleaching, Plasma processing, Hazardous 
nature of synthetic dyes and alternative dyes, Ultra 
sonic dyeing,  Eco-friendly chemicals and 
auxiliaries used in dyeing & finishing were covered 
during the 3 day programme.

Training of Trainers under the PMKVY scheme 
of Textile Sector Council 

The Textile Sector Skill Council (TSC) has been a 
body created under the auspices of the National 
Skill Development Council, New Delhi, with the 
specific task of skilling persons in the textile sector.  
Under the Prime Minister's Kaushal Vikas Yaogna 
(PMKVY) scheme of TSC, SITRA has been 
designated as one of the agencies to impart the 
mandatory training to the trainers from mills that are 
empaneled as training providers. SITRA has been 
contacted by mills to conduct a series of ToT 
programmes under the scheme. During the year, 16 
batches where conducted and 352 trainers from as 
many as 134 mills attended. The focus of the 
programme was to train the designated trainers to 
perform the role of training operatives in the mills.  
Various topics  like work methods in spinning mills, 
recruitment methodologies to be adopted, 
assessing training needs in mills, periodical 
assessment of trainees, maintenance, of records 
post-training assessment of trainees, etc. were 
covered.  The programme ensured that the 
curriculum was in alignment with the National 
Occupational Standards and Qualification Packs 
developed by TSC for the various job roles for 
textile operations.

C. International Training Programme

International training,  a programme sponsored by 
the Ministries of External Affairs and Economic 
Affairs, Govt. of India, under their sponsoring 
schemes viz., ITEC (Indian Technical and 
Economic Co-operation Plan) and Colombo Plan,   

is a regular feature of SITRA's training activity since 
1974. More than 1600 participants from more than 
65 countries have so far been benefitted out of 
SITRA's expertise in textiles. 

rd
The 64  batch of this programme  commenced on 
5th October, 2015 and was inaugurated by Dr. 
Prakash Vasudevan, Director, SITRA. 

Afghanistan, Cambodia, Ethiopia, Ghana, Iraq, 
Kenya, Myanmar, Nigeria, Peru, Philippines, 
Romania, Tunisia and Uzbekistan 

The valedictory function of the programme was 
held on December 2, 2015. Dr. Prakash 
Vasudevan, Director, SITRA presided over the 
valedictory function and distributed course 
completion certificates to the participants. 

CoE Training Programmes

Details of the 20 different batches of training 
programmes offered during the years are given in 
Table  29.

2. LABOUR TRAINING

SITRA has been regularly conducting training 
programmes for the textile mill workers for the past 
33 years. As in the previous years, this year also 
many mills have utilized SITRA's services in this 
area. As many as 455 shop floor workers were 
trained. Training programmes were organized for 
operatives at mills' premises in the regional 
languages in 26 batches (Table 30).

Table 30  Training programmes offered for shop 
floor workers in 2015-16

Number of
  S.    Type of 
  No. programme   Mills  Batches  Partici-

 pants

  1. Operatives 
    training 8    25    430

2. Jobbers 
Development 
Programme 1 1 25

              Total 9 26  455

Three 
courses, Textile Mill Management, Textile Testing & 
Quality Control and Managerial Skills for HRM 
personnel in textile Industry, were offered under this 
scheme. Thirty five participants from 13 countries – 

attended the 
two-month programme.
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(I) Pre-employment and retraining 

programmes

Pre-employment training for new entrants and 
retraining programmes for the experienced workers 
were conducted in 8 mills, covering 430 operatives 
in 25 batches. Significant improvement was 
achieved in key elemental timings, incidence of 
waste, production rate and quality of output in all the 
programmes. Details of the operatives training 
programmes for spinning mills conducted in 2015 - 
16 are shown in Table 31. 

ii) Jobbers Development Programme 

At the request of a member mill in Rajasthan, 
SITRA conducted a 4 day training programme for  
25 jobbers in August 2015.  The programme 
covered various technical topics involved in 
spinning mills like the present textile scenario, type 
of trainers, right work methods in mills, 
absenteeism control, material handling, 
housekeeping, etc.

Table 31   Break-up of operatives training 
programmes for spinning mills 

conducted in 2015-16

S.                                          Number of
 No.     Tenting jobs Mills Batches Partici-                                            

pants

1. Fly frames 1 1 14
 2. Ring frames 6 14 327    
 3. Open end 

spinning 2 3 43   
 4. Cone winding 2 4 71   

Total 8 28 455

 

   

Table 29  Training programmes offered for CoE-Meditech during the year 2015-16
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S.no. Detail of the programmes Date 

No.of 

persons 
trained 

1 Surgical gown manufacturing 2
nd

 April ’2015 71 

2 Wet wipe  manufacturing 10
th

 Aril’2015 57 

3 Nonwoven   manufacturing 13
th

  April’2105 50 

4 Warp knitting tricot 20
th

 April’2015 31 

5 Compression stockings 25
th

 April’2015 33 

6 Wet wipe and Alcohol swabs 21
st
 July’2015 59 

7 Surgical face mask  manufacturing 27
th

 July’2015 52 

8 Sanitary napkin manufacturing 31
st
  July’2015 72 

9 Needle loom  crepe bandage mfg 7
th
 August’2015 82 

10 Hernia mesh  implantable - training 19
th

 August’2015 125 

11 Surgical drape 31
st
 october’2015 49 

12 
Warp knitting –raschel 

Warpknitting –raschel and tricot 

16
th

 October ‘2015 & 

29
th

 December’2015 

23+ 

102 

13 Crepe bandage manufacturing 11
th

 Novemeber’2015 30 

14 Cotton wool roll making 24
th

 November’2016 44 

15 Wet wipes and alcohol swab 30
th

 November’2016 5 

16 Sanitary napkin 9
th
 December’2015 49 

17 Surgical disposables 

19
th

 December’2015 

23
rd

 to 28
th
 Dec’2015 

7
th
  to 12

th
 Dec’2015 

6+17 

  
  

18 Implantable –tubular fabric 12
th

 January’2016 17 

19 Compression stockings 23
rd

  January ‘2016 & 25
th
 January’2016 3+22 

20 Surgical drapes 8
th
 February’2016 & 27

th
 February’2016 27+2 

 
  Total 1028 

 

3. SKILLS DEVELOPMENT TRAINING PROGRAMMES 
UNDER SITRA – ISDS

The “Integrated Skill Development Scheme” 
initiated by the Ministry of Textiles, Govt. of India, 
aims to leverage the strength of institutions like 
SITRA to augment the skills of the personal in 
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industry for enhancing their capabilities. Under the 
th

main phase of this scheme in the 12  Plan period, 
SITRA is offering 9 different skill development 
programmes. 

During the year,  SITRA trained a total of 90

, 
manual cone winding and Autocone winding 
departments. The powerloom training centres 
have trained another 201 persons under 4 different 
programmes.

 
persons  in 6 batches under the Operative training 
programme. The tenting jobs for which the persons 
were trained included the preparatory, spinning

APTITUDE TESTS FOR TEXTILE MILL 
OPERATIVES

Since the jobs in textile mills are mostly semi-
skilled, repetitive and monotonous, it is of utmost 
important to select only those individuals who 
would have these characteristics and would desire 
to do these jobs. By doing so, mills can not only 
ensure more productivity but also greater 
commitment and involvement amongst the 
employees.

SITRA's aptitude tests are exclusively designed to 
meet the specific requirements of assessing the 
ability or aptitude of employees to do the expected 
activities in the various departments of a textile mill. 
These tests are being effectively used by around 
200 member mills for the selection of employees 
and they are appreciative of the effectiveness of 
these tests. The tests measure whether an 
individual has the capacity or latent ability to learn 
and perform a given job if adequate training is 
provided. The use of aptitude tests is advisable for 
fresh applicants who have little or no experience 
and may be used by the mills interested in selecting 
employees for whom training will result in greater 
performance. 

The tests are designed to cover the operatives of 
preparatory, spinning and weaving departments. 
Most of the jobs in these departments involve I) 
visual acuity eg., ability to note end breakages, ii) 
two hand coordination for working at machines eg., 
operations like piecing and knotting, iii) finger 
dexterity eg., operations like piecing and knotting 
iv) eye and hand coordination for operating the 
state-of-the-art machines and v) quick reaction 
time to respond to emergencies at the work place. 
All these psychophysical attributes are measured 
by using the three tests in the SITRA  Aptitude Test 
Kit.

Since 2005, SITRA has included another sub-test 
to the Kit - colour blindness. Many times, it is 
observed that operatives suffering from colour 
blindness are unable to distinguish the subtle 
differences in colour variations as also identify the 
basic colour combinations. In order to ensure the 
best fit of operatives with the job, it is essential to 
screen out persons with this defect.

During the year 2015-16, 32 aptitude test kits were 
purchased by the textile mills.

MULTIMEDIA DVDS ON WORK METHODS FOR 
OPERATIVES

A new version of multimedia training materials, in 
DVD format, for the benefit of spinning mill 
operatives was released by SITRA in the year 2013. 
Like the earlier version of VCDs released by SITRA, 
this DVD version also will serve as a handy tool for 
spinning mills to educate operatives on the right 
ways and means of working in spinning mills. All 
departments from mixing to reeling are covered. 
The highlight of the DVD is the option available to 
users to select any of the 5 languages voice-over 
namely, Tamil, Telugu, Malayalam, Kannada and 
Hindi. An English version of the DVD is also 
available separately.

Departments covered: Mixing, blowroom, carding, 
combing, drawing, speedframe, ring spinning, open 
end spinning, manual cone winding, auto cone 
winding, ring doubling, two for one twisting and 
reeling.

During the year 2015-16, 15 DVDs were purchased 
by the textile mills.

CONFERENCES AND SEMINARS

Orientation Seminar on "Productivity and 
Energy Management in spinning mills" for the 
members mills of South India Spinners 
Association (SISPA), Coimbatore 

With an aim to sensitize decision makers in 
spinning mills on the importance of Productivity & 
Energy Management and the significance of 
implementing them in Spinning Mills, SITRA 
organised an orientation seminar on 24th April, 
2015 at SITRA. The seminar was inaugurated by 
Dr. Prakash Vasudevan, Director, SITRA and the 
sessions handled by Mr. D.Shanmuganandam, 
Deputy Director and Mr. M. Muthukumaran, Head, 
Engineering & Energy Management. The topics 
covered during the seminar included, 
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        1. An overview of the various services 
offered by SITRA to spinning mills. 

2.  An insight into the various productivity 
indices and means for achieving higher 
productivity. 

3. Cost control and various aspects in 
spinning mills affecting costs. 

4. Scope for energy conservation and role 
of energy audits in energy savings. 

A total of 67 management personnel of SISPA 
member mills attended the seminar. 

Assistant Professor in Textile 
Engineering, Amirkabir

International workshop on electrospinning and 
electrospraying 

The centre of excellence for Medical Textiles, 
SITRA conducted a two-day International 
Workshop on Electrospinning and electrospraying 
during 22nd and 23rd June, 2015.

Professor Dr Seeram Ramakrishna, 
National 

University of Singapore and Dr Maryam 
Yousefzadeh, 

 University of Technology, 
Iran were the guided expert speakers who 
conducted the workshop sessions.

Various topics like introduction to Nanofibers, their 
fabrication and properties; characterization and 
different methods of nanofibers production; 
optimization of process parameters, the influence 
of electrical field, auxiliary electrodes and collectors 
in electrospinning; throughput enhancement using 
multi-needle, needless, charge injection; various 
possible structures (3D web, yarn) and 
morphologies (Porous, Co-axial); application of 
nanofibres in filters, energy harvesting, sensors, 
protective clothing, biomedical devices and 
composites, etc., were covered during the 
workshop. Practical demonstrations of an  
Electrospinning setup was also part of the 
workshop's proceedings.

The workshop also provided insights on the need 
of biocompatible evaluation, global regulation on 
medical devices and biocompatibility testing 
guidelines and requirements for a valid 
biocompatibility test report.

Forty participants from various institutions with 
research and industry backgrounds attended the 
workshop.

Director of 
Center for Nanofibers & Nanotechnology, 

One day Conference & Exhibition on “Energy 
Efficiency for a Sustainable Future"

A one-day conference cum exhibition on “Energy 
Efficiency for a Sustainable Future" was organized 
by SITRA on 14th December 2015 to celebrate 
Energy Conservation Day. Twenty firms had 
exhibited their products and more than 450 
participants from textile mills, industry and 
educational institutions attended the conference. 
Prof.Dr. K.Kasthurirangaian, Chairman, Indian 
Wind Power Association inaugurated the 
conference and Er. M.Chandrasekar, B.E.(Hons), 
Chief Engineer / Distribution TANGEDCO, 
Coimbatore Region, gave a special address. An 
energy quiz competition was also organised as a 
part of the event wherein participants from the 
industry and educational institutions took part 
actively. A debate entitled, “Impediments to Energy 
conservation - Economy or technology” was also 
organised as a concluding part of the conference 
with eminent speakers from TNEB, which was also 
well received by the delegates. 

56th Joint Technological Conference

The 56th Joint Technological Conference of Textile 
th

Research Associations was held at SITRA on 30  
December, 2015,  Dr.Prakash Vasudevan, 
Director, SITRA welcomed the delegates. Dr. 
Kavita Gupta, Textile Commissioner, Ministry of 
Textiles, Govt. of India inaugurated the conference. 
Shri D. Krishnamoorthy, Chairman, Council of 
Administration, SITRA, presided over the Inaugural 
Function and the Keynote address was delivered 
by Shri M.SenthilKumar, Chairman, SIMA. Dr. 
A.N.Desai, Director, BTRA proposed the vote of 
thanks.

In her Inaugural address, Dr. Kavita Gupta urged 
Textile Research Associations to direct their efforts 
to effectively utilize the various schemes of the 
Govt. of India which in turn would benefit the 
industry that they cater to.  While appreciating the 
work done by the TRAs, Dr. Kavita Gupta pointed 
out that there was a need for greater participation of 
the industry with the TRAs for more sustainable 
works that in turn would benefit the industry and 
make it genuinely competitive. 

Dr.Kavita Gupta appreciated the efforts made by 
the TRAs to recognize the emerging importance of 
technical textiles and the work done by each of 
them in their specialized centres of excellence. 
Pointing out the huge potential available in the 
technical textile arenas, she called upon TRAs to 
have more focused efforts in reaching out to more 



number of entrepreneurs who can come up with 
new ventures and train them, towards making India 
a powerhouse in technical textiles manufacture.

The six technical sessions, chaired by Dr. A.Peer 
Mohammed, Dr. J.Srinivasan, Dr. V.Sankaran,               
Shri P.Muthukumaraswamy, Shri Dinesh and                 
Dr .Mangesh Telii witnessed 23 papers being 
presented by the scientists of the four TRAs. 

Inauguration of SITRA's  Diamond Jubilee 
Celebrations and CEO's Conference

SITRA's  Diamond Jubilee Inaugural function

The Inaugural function of SITRA's diamond jubilee 
celebrations was held on 22nd January 2016. Shri 
D.Krishnamurthy, Chairman, Counci l  of  
Administration, SITRA welcomed the delegates. 
Hon'ble Minister of  Textiles, Govt. of India, Shri 
Santhosh Kumar Gangwar inaugurated the 
function.  Shri Karumuthu T.Kannan, Managing 
Director, Thiagarajar Mills, Madurai delivered the 
Keynote address.  Smt.Anu Garg, Joint Seceratary, 
Ministry of Textiles, Govt. of India, Dr. Kavita Gupta, 
Textile Commissioner, Ministry of Textiles, Govt. of 
India, Shri J.Thulasidharan, Vice-Chairman, CITI  
and Shri R.K.Dalmia, Chairman, TEXPROCIL 
delivered  Special addresses.  

Shri Santhosh Kumar Gangwar expressed his 
delight in inaugurating the diamond jubilee 
celebrations.  He appreciated the work carried out 
by SITRA in various areas which have helped mills 
perform and achieve better results. He urged 
SITRA to have increased collaboration and 
partnership with other research institutes which will 
lead to knowledge sharing and enable 
augmentation of quality manpower needed for in-
depth research.  He wished SITRA and its staff 
every success on the happy occasion  and 
complimented it for the high standards of 
professionalism that it has come to be known for 
among the textile industry all over India, more 
particularly in South India. 

Smt Anu Garg, during her address complimented 
SITRA for its excellent work under the flagship 
schemes of Ministry like R&D, Centre of Excellence 
for Technical Textiles as well ISDS. She also called 
upon representatives of the industry to have greater 
partnerships with institutions like SITRA for 
research activities.  She pointed out how the 
Ministry has now devised schemes wherein an 
industrial partner link-up ensures that research 
findings reach the beneficiaries and reiterated that 

Ministry wanted more such partnerships to be 
established in the coming years. 

Dr.Kavita Gupta, in her address  wished SITRA all 
the very best on its completing 60 years and wanted 
it as well as other TRAs to effectively utilize the 
various provision of funds made available under the 
Centres of Excellence. She also pointed out how 
the Ministry, with a vision for the country to generate 
more employment and promotion of exports 
through "Make in India" and of Zero effect  and Zero  
defect  manufacturing, has come out with the 
"Amended  Technology Upgradation  Fund  
Scheme  (ATUFS)"   which  will  provide one time 
capital subsidy for investments in the employment 
and technology intensive segments of the textile 
value chain, keeping in view promotion of exports 
and imports  substitution.
Senior office bearers of Textile associations such 
SIMA, SISPA, SIHMA and DAT also offered their 
felicitations to SITRA on the occasion.

Hon'ble Minister also released a Diamond Jubilee 
commemorative plaque and distributed awards 
and mementoes to SITRA staff. 

CEOs Conference

To mark the diamond jubilee, a CEOs conference 
e n t i t l e d ,  “ P R O G N O S T I C AT I N G  2 0 2 5 -
Opportunities and Challenges for the Textile 
Industry” was held in the afternoon. 
 
Shri Naishadh Parikh, Chairman, CITI  was the 
chief guest of the event. In his address, Mr. Parikh 
complemented SITRA on its diamond jubilee and 
appreciated it for conducting such a conference 
during a time when the textile industry is facing a lot 
of challenges. The plenary session involved 5 
papers being presented by various personalities 
from the industry. 

Shri Shekar Agarwal, M.D., Maral Overseas, Noida 
presented his views on the importance of value 
addition for the textile industry to be relevant in the 
coming decades.  Shri Sanjay K.Jain, M.D., TT Ltd. 
Kolkatta highlighted the various options that are 
available to mills in the challenging times ahead.  
Shri G.Ravishankar, M.D., K.S. Technical and 
Management Consultants shed light on the 
enormous avenues available in the Technical 
Textiles front and the challenges involved in each of 
them. Shri Siddhartha Rajagopal, Executive 
Director, TEXPROCIL, Mumbai, brought out the 
key elements of the Trans Pacific Partnership 
(TPP)  and how this international agreement will 
have its impact on the Indian Textile Industry.   Shri 
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K.T.Srinivasa Raja, M.D., Adyar Ananda Bhavan, 
Chennai, shared his experiences of how his  chain 
of restaurants have made a mark in Tamil Nadu as 
well as at various other places in India and abroad 
by the right positioning of its brand.

Dr.Prakash Vasudevan, Director, SITRA proposed 
the Vote of Thanks.

National Workshop on PLASMA Techniques for 
Textiles

The  Centre of Excellence for Medical Textiles 
conducted a three-day National workshop on 
Plasma techniques to be used in textile during 18 to 
20 February, 2016. Dr. S. Krupakar Murali, CEO 
and Chief Scientist at Multiversal Technologies with 
three master's degrees (one in Nuclear 
Engineering, the second in Engineering Physics 
and the third in plasma physics) and a Ph D from 
University of Wisconsin, Madison, USA, with 30 
international publications and 22 international 
patents to his credit, conducted the sessions.  
Some of the topics covered during the workshop 
were introduction to Plasma technology, Plasma 
d i a g n o s t i c s ,  P l a s m a  a p p l i c a t i o n  f o r  
medical/technical textiles,  Plasma activation, 
Atmospheric pressure plasma processing of textile 
fabrics and Nano scale treatment of textiles using 
Plasma technology.  More than 25 persons drawn 
from various industrial sectors such as textile 
processing, Material sciences, Polymers and 
resins, metals, ceramics and inorganics and 
Biomaterials and Non wovens participated in the 
workshop.

COMMUNICATION

Signing of MoU

SITRA signed an MoU with The Korea Apparel 
Testing & Research Institute (KATRI), Seoul, 

th
Korea, on 19  February, 2016. KATRI is an institute 
primarily involved in testing activities, with centres 
in South Korea, China and Thailand. It was agreed 
in principle to have a broad based agreement 
between the two institutes towards, 

· Sharing information and technology for 
testing, inspection, audit and certification

· Involving in cooperative research projects 
and pursuing them jointly/independently 

Library

Like in the previous years, SITRA library attracted 
many visitors from both industry and academics 
with more than 3000 persons having utilised 
SITRA’s vast collection of books, journals and 
periodicals during the year. Close to 292 books and 
pamphlets were added to the existing collection, 
which  currently is  26150, that include books on 
various technical subjects, apart from textiles and 
management. SITRA presently subscribes to 125 
journals dealing with various aspects of textiles.

Visitors

Dignitaries from various walks and industries, from 
Indian and abroad visited SITRA during the year. 
Details of some of the notable dignitaries who 
visited SITRA during the year are given in  
Annexure II.

Publications

SITRA brought out 31 publications during the year 
which included 4 research / inter-mill study reports, 
3 trends, 12 online reports, 6 focus and 6 SITRA 
news publication (Annexure III).

SITRA scientists published 4 papers in various 
technical journals and presented 10 papers in 
conferences and seminars (Annexure VI).
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ANNEXURE  I

THE STAFF

Director

Dr.Prakash Vasudevan, M.Sc. (Textile Engineering), Ph.D 

(Leeds)

SPINNING, 

Assistant Director & Head of Division:

K.Balasubramaniyan, M.Tech.

Junior Scientific Officers:

M.K.Vittopa, M.Tech., A.M.I.E.

V.Vijayajothi, M.Tech.

S.Sounderraj, M.Tech.

LIAISON AND CONSULTATION

Deputy Director & Head of Division :

D.Shanmuganandam, M.Tech., M.I.E.

Senior Scientific Officers:

J.Sreenivasan, M.Tech.

N.K.Nagarajan, M.Tech.

P.Subash, M.Tech.

Scientific Officers:

R.Soundararajan, B.E.

S.Balamurugan, B.Tech.

TEXTILE ENGINEERING & INSTRUMENTATION  

Head of Division:

M.Muthukumaran, B.E.

Senior Scientific Officer:

S.Sugumar, B.Sc., A.M.I.E., C.Engg., PGDCM, MCA.

Junior Scientific Officers:

M.Muthuvelan, B.E., PGDBA., M.B.A., M.Phil (Mgmt). 

N.Vasanthakumar, B.Sc., A.T.I.

V.Kumaravel, B.E.

TEXTILE PHYSICS 

Assistant Director & Head of Division:  

S.Kadirvel, M.Tech.

Senior Scientific Officer:

R.Pasupathy, M.Tech., M.B.A., A.M.I.E.

TEXTILE CHEMISTRY

Head of Division :
S.Sivakumar, M.Tech., D.T.P

Scientific Officer:
Dr.K.H.Prabhu, M.Tech., Ph.D

WEAVING AND KNITTING
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TRAINING DIVISION

Research Associate and Head of Division:
Dr.K.Sajjan Rao, M.Sc., M.Phil., Ph.D., PGDPM&IR, DIC.

ISDS / Powerloom Service Centre
Senior Scientific Officer:
M.P.S.Ravindran, B.Tech., M.B.A.

CENTRE OF EXCELLENCE FOR MEDICAL TEXTILES

Head-in-charge of Division :
Dr. Ketankumar Vadodaria, M.Tech., Ph.D.

Senior Scientific Officers:
S.Thiruppathi, M.Tech.

Dr.E.Santhini, M.Sc., Ph.D.

Junior Scientific Officers:
T. Sureshram, M. Tech.

D.Veerasubramanian, M.Tech.

Dr.S.Rajasekar, M.Sc., Ph.D

Abhilash Kulkarni, M.Sc., (Tech.)

ADMINISTRATION  

Administrative Officer and 
In-charge - SITRA Power loom Service Centres

R.Ravichandran, B.Com., A.C.S., Dip. Sec. Pract.

Head - Finance and Cost Accounts:
K.Vadivazhaki, B.Com., A.C.A.

Head - HR:
R.Sivaram, MHRM, M.B.A.

Research Associate (Industry Focus Cell):

S.Mariappan, M.Tech. 

Research Associate:
R.Suganthi, M.Sc., M.C.A., M.C.S.D., Net 07, OCA & OCP. 

Secretary to Director:
N.Saradha Jayalakshmi, M.Sc., M.B.A.

Junior Officers:
V.Gopalakrishnan, M.A., M.L.I.S.

K.Prabha, M.Com., PGDCA

CONSULTANTS:

Cyril Lourdes, B.Com.

A.Sivaramakrishnan, M.Tech., C.Text., A.T.I., A.M.I.E.

A.Sankara Namasivayam, B.Tech.

P.Arumugam, B.Sc

Dr.V.Subramaniam, M.Tech., Ph.D.
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st
Total staff strength as on 31  March 2016

Officers : .....................37

Scientific/Technical assistants : .....................45

Administrative staff : .......................8

Skilled/Semi skilled &

maintenance services : .....................27

Technical assistants on contract : .......................3

                    Total    :....................120

Powerloom  service  centres  (Govt. sponsored)

Officers : .......................4

Scientific/Technical assistants : .....................32

Technical assistants on contract : .......................1

Skilled/Semi skilled : .......................5

            Total ..:......................42
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ANNEXURE II

 VISITORS

Smt. Anu Garg, Joint Secretary (R&D), 

Dr. Aseem Bhatnagar, Jt. Director, INMAS, DRDO, New Delhi.

Shri R.K.Dalmia, Chairman, TEXPROCIL

Dr. Indusekar, Defence Bio-engineering & Electro-medical Lab, DRDO, Bangalore

Prof. Juan P Hine Strofa, Cornel University, College of Human Ecology, USA

Dr. Kotresh, Defence Bio-engineering & Electro-medical Lab, DRDO, Bangalore

Dr. Manmohan Parida, DRDO, Ministry of Defence, Gwalior.

Dr. S.P. Mishra, Director, KIIT University, Bhubaneswar

Shri C.V. Muralithar, Scientist, Shri Chithrai Thirunal Hospital, Trivandrum 

Shri Naishadh Parikh, Chairman, CITI 

Dr. B. Ramamoorthy, Rector & Mr Krishna Lavu, VP, Vignan University, Guntur, AP. 

Shri Siddhartha Rajagopal, Executive Director, TEXPROCIL, Mumbai

Dr. S. Sundar Manoharan, Vice-Chancellor, Karunya University, Coimbatore

Dr. Sundararaman, Director, Siva Textiles & Bannari Amman Group.

Shri K. Sunil, Vice President and Mr. Rajeev, General Manager, TTK, Trivandrum.

Shri J.Thulasidharan, Vice-Chairman, CITI  

Col.  Virender Singh, Joint Controller,  CQA (T&C), Ministry of Defence, Kanpur

I.A.S., MoT, Govt. of India.

Shri Byung Youn Kwon and Mr. Ian Kim, Korea Apparel Testing & Research Institute (KATRI), South Korea.

Dr. Kavita Gupta, I.A.S., Textile Commissioner, MoT., Govt. of India.

Shri RVS Mani, Deputy Secretary, Ministry of Textiles, Govt. of India, Delhi

Prof. Martin King, Professor of Biotexiles & Textile Technology, North Carolina State University, USA.

Dr Maryam Yousefzadeh, Amirkabir University of Technology, Iran.

Shri S.K. Panda, Secretary (Textiles), Ministry of Textiles, Govt. of India, Delhi.

Shri B.P. Pandey, AS & FA (Addl. Secretary & Financial Advisor), Ministry of Textiles, Govt of India, Delhi.

Shri Santhosh Kumar Gangwar, Hon’ble Union Minister of Textiles, Govt. of India.

Prof. Dr Seeram Ramakrishna, National University of 

Singapore. 

Shri Seung-Yoonleem, President, Korea Apparel Testing & Research Institute (KATRI), South Korea.

Shri S.C.Sharma, Group Director (MMG), Vikram Sarabhai Space Centre, Trivanduram.

Shri. M.R.Thyagaraj, Chairman, JPMC, Group Director (SMG) Indian Satellite Centre, Bangalore.

Asst. Professor in Textile Engineering, 

Director of Center for Nanofibers & Nanotechnology, 
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ANNEXURE III

 SITRA PUBLICATIONS DURING 2015 - 2016

   1.  Research / Inter-mill study reports :

 2. Focus:

 3. SITRA Trends:

  
4. SITRA News:

Numbers 1 to  6

   5. Other Publications:

 Annual report 2014-15

    

st
Costs, operational performance and yarn quality:  Inter-mill study of key factors (31  study) 
-  D.Shanmuganandam and J.Sreenivasan

A Study on factors responsible for the generation of hard waste in the auto winders - J.Sreenivasan, N.K. 
Nagarajan and D.Shanmuganandam

An inter-mill study on fibre to yarn conversion cost - 5th study - J.Sreenivasan and D.Shanmuganandam

How to optimise labour requirements in spinning mills? - a case study - D.Shanmuganandam

KvAh based electricity tariff system - M.Muthuvelan and H.Balasubramanian

How to resolve customer complaints in spinning mills? - a case study - R.Soundararajan and D.Shanmuganandam

Long term monitoring of commercial performance by spinning mills - illustration - D.Shanmuganandam

What is the implication of in-correct yarn costing on optimisation of product mix? - illustration - D.Shanmuganandam, 
J.Sreenivasan and  N.K. Nagarajan

Assessment of machinery condition : a new approach - a case study - R.Soundararajan, N.K. Nagarajan and 
D.Shanmuganandam

How RMC and YSP had fluctuated in 2014-15 - D.Shanmuganandam 

st
Highlights of the 31  CPQ study -  D.Shanmuganandam and J.Sreenivasan

How the commercial performance of spinning mills fluctuated during the past 30 months?- An analysis - 

D.Shanmuganandam and J.Sreenivasan
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ANNEXURE IV

 SITRA DEVELOPMENTS

1. Machinery 

Storage positive feed system for knitting machines
High speed reeling machine
High production cutting machine
High speed blending draw frame single delivery machine
"Spinfan" system for fancy yarns
SITRA - VOLKA ring frame
"Enerspin" drive system for ring spinning & doubling frames
SITRA "miniSPIN" - Miniature spinning plant for test runs
SITRA ENERCONER - Energy efficient drive control system for automatic cone winding machines
Energy and production information system for ring spinning frames "SITRA EnerInfosys"
Ener TFO
SITRA CIM
SITRA Microcontrol
Weavability Tester
High performance jute flyer spinning frame - SITRA Jute Flyspin
Micro controller based energy saving & information system for air compressors used in textile mills - 
SITRA PCRA ENERCOMP
SITRA PCRA Climocontrol

2. Fibre and Yarn Testing Instruments

Fibre bundle strength tester
Trash separator
Electronic twist tester
Electronic lea strength tester
Semi - Automatic twist tester
Motorised twist tester
Nep counter
SITRA motorised multi-board yarn appearance winder
Electronic load indicator for conventional lea strength tester (ELCONLEA)
SITRA rapid sample conditioner
SITRA- ABRATEST - Yarn abrasion resistance tester
Single yarn strength tester
Schnidt model yarn tension meter

3. Others 

SITRAlised energy saving spindle tapes CSP system and fabric strength tester
SANTIMIT Fabric winding mechanism for powerlooms
Weft feeler mechanism to stop the loom Arterial prosthetic graft
   for pirn changing SITRA pneuma kit
Energy efficient fans - SITRA excel fan SITRA motor relay tester
Infra colour dyeing machine Lab fabric dyeing machine
Shore hardness tester Soxhlet extraction mantles
Cyberscan bench top PH meter Microprocessor based electronic balance
Fabric stiffness tester Launderometer
Drapemeter Crease recovery tester
Fabric thickness tester Perspirometer
MRG crimp tester SITRA Enercool
Fabric elongation tester Fabric compression tester
Fabric roughness/friction tester                               SITRA's Bacterial Filtration Efficiency Tester 
UV Photocatalytic reactor SITRA's blood penetration resistance tester

SITRA may be contacted for the addresses  of the Licensees

Self anchor suturing machine
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ANNEXURE V

LIST OF STUDIES / SERVICES RENDERED TO MILLS

Mills utilised SITRA’s services and expertise for a wide range of their requirements. Some of the 

studies/services attended during 2015 - 16  were:

Study of soft flow dyeing machines and yarn dyeing  machines (27),  

Consultancy on process standardization (20), Energy audit (12), 

Troubleshooting for wet processsing mills (9), 

40s conversion factors 

list and method of calculation(4),  Study on compressed 

air system (2),  Survey of processing units (2)  and Minimization of formaldehyde content in finished articles 

(2).

Apart from the above, the following studies were also undertaken:  Study on MANTEX Spg. TubesStudy of 

Knitting Machinery, Maintenance Audit, Study on the production capacity of precision soft package winding 

machines, Productivity and Quality, Technical efficiency audit,  

Improvement of rubbing fastness of Indigo dyed denim fabrics, A study on measures to reduce warping 

breaks, Yarn costing, Quality audit, Troubleshooting for minimization of formaldehyde, content in finished 

articles, Scientific assessment of aptitude and skills of Employees, Yarn realisation study, Yarn quality 

study, Machine productivity study, Study on estimation of yarn manufacturing cost, Technical feasibility 

study, Poor absorbency in printed fabrics, Improving colour fastness of yarn dyed materials, Study on the 

production capacity of precision soft package winding machines, comments on the water consumption and 

material to liquor ratio, Streaks / patches on yarn dyed knitted fabrics, Technical consultancy on Oeko-tex 

certification, Troubleshooting of treatment of disperse dye effluent, Project appraisal for Tiruchirapalli 

Regional Engineering College – Science & Technology Entrepreneurship Park (TREC-STEP)

In addition, more than 7,687 day-to-day problems on different areas were referred by the mills  Prominent 

among them are designs development and card punching by CAD centres and PSC’s (1167), Defect 

analysis and fabric analysis (2,505), Assessment of knitting performance (206), New designs development 

(680), Textile accessories testing (2,395), Calibration of testing instruments (444), Performance certification 

issued to testing instruments (3) and more than 95 adhoc problems dealt by the Spinning, Chemistry,  

Engineering and Training Divisions .

Machinery valuation (27), Viscosity cup 

fabrication (23), Technical consultancy (9), 

ACS for humidification plants & compressors (6), 

Humidification system study(5), Modernisation study (4), Sutdy on Noise level (4), 

Work assignment study(3),  Yarn costing study (2),  

 

Production per spindle improvement study, 
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ANNEXURE VI

PAPERS PUBLISHED IN JOURNALS AND PAPERS PRESENTED IN CONFERENCES

PAPERS PUBLISHED

J.Sreenivasan “Can a textile mill achieve 6 HOK in spinning?” Spinning Textiles, July-August,

N.K.Nagarajan 2015.

D.Shanmuganandam

Nagarajan R “QA activities in textile mills” Indian Textile Journal,

D.Shanmuganandam October 2015

Sreenivasan.J How to control invisible loss in spinning mills? Spinning Textiles, 

D.Shanmuganandam – a case study March-April 2016

B.Renuka Evaluation of phytoconstituents of Journal of Pharmacognosy

B. Sanjeev Caralluma nilagiriana by FTIR and UV-VIS and Phytochemistry.

D.Ranganathan spectroscopic analysis  October 2015. 
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PAPERS PRESENTED

Prakash Vasudevan Influence of the pre-opening process in a

Vijayajothi Vijayan carding machine on Fibre Quality

K.P. Chellamani Studies on quality attributes of Bt-cottons

M.K.Vittopa &

S.Sivakumar 

K.P.Chellamani Advanced Wound Dressings developed at SITRA

D.Veerasubramanian 

J.Sudharsan

K.P.Chellamani Medical Instrumentation : SITRA Developments

D.Veerasubramanian 

J.Sudharsan

N.K.Nagarajan  Can a spinning mill achieve a single digit

D.Shanmuganandam Total HOK ? - A case study -     

M.Muthuvelan A Study on impact of Harmonics on Electrical 

H.Balasubramanian failures - 

B.Harishankar

S. Thiruppathi Development of mopping pad using

T.Sureshram nonwoven & woven structure

th
S. Sivakumar “Eco-friendly textiles and Greener processing of 5  International 

textile materials”  'Emerging Trends in Textile 

Industry – New innovations' 

organized by SSM College of 

Engineering, Komarapalayam 

during Aug. 15. 

Conference  on

56th Joint Technological 
Conference held at SITRA, at 
Coimbatore, 30th Dec, 2015



ANNEXURE VI (Contd..)

PAPERS PUBLISHED IN JOURNALS AND PAPERS PRESENTED IN CONFERENCES (CONTD..)
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TALKS DELIVERED

K.P. Chellamani

S. Sivakumar “Advancements in textile processing technology PSG College of Technology,

and machinery” Coimbatore

“Recent Developments in cotton and its organized by Textile Association 

processing” in the 'Foundation Day” (India), South India Unit, at Sri 

Kasthuri Sreenivasan Art Gallery 
rd

& Textile Museum, Coimbatore on 23  May 2015.

“Raw material Management & Yarn Quality” “Executive Training 

programme” organized by 

Lakshmi Machine Works Ltd., 
th

Coimbatore on 10  June 2015.
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Elected members

  1. Mr. D.Krishnamurthy, Managing Director, Sri Kumaran Mills Limited, Coimbatore (Chairman).
  2. Dr.  K.V.Srinivasan, Managing Director, Premier Mills Pvt. Ltd., Coimbatore.(Vice-Chairman).
  3. Mr. B.Gopinath, Technical Director, Sri Venkatalakshmi Spinners (P) Ltd., Udumalpet.
4. Mr.Sanjay Jayavarthanavelu, Chairman & Managing Director, Lakshmi Machine Works Ltd., Coimbatore.
5. Mr. D.Sarath Chandran, Chairman & Managing Director, Precot Meridian Ltd., Coimbatore  
6. Mr. E.Sathyanarayana, Managing Director, Sree Sathyanarayana Spinning Mills Ltd., Tanuku.
7. Mr. J.Thulasidharan, Managing Director, The Rajaratna Mills Ltd., Coimbatore.
8. Mr. S.Venkat Kumar, Wholetime Director, Selvaraja Mills P. Ltd., Coimbatore.

Permanent Members
9. The Managing Director, National Textile Corporation, Southern Regional Office, Coimbatore.     

10. The President, Madura Coats Pvt. Limited, Bengaluru.
11. The Wholetime Director, The Lakshmi Mills Co. Ltd., Coimbatore.

Directors of the Textile Research Associations of India
12. Dr. Prakash Vasudevan, Director, The South India Textile Research Association, Coimbatore.
 13. Dr. A.K.Sharma, Director, The Ahmedabad Textile Industry's Research Association, Ahmedabad.   
14. Dr. A.N.Desai, Director, The Bombay Textile Research Association,  Mumbai.                                         
15. Dr. Arindam Basu, Director General, Northern India Textile Research Association, Ghaziabad. 

Representatives of the Ministry of Textiles, Government of India.
16. The Additional Secretary & Financial Adviser, Ministry of Textiles, Govt. of India, New Delhi.
 17. The Joint Secretary (R&D), Ministry of Textiles, Govt. of India, New Delhi.
18. The Textile Commissioner, Office of the Textile Commissioner, Govt. of India, Mumbai.

Representatives of the Government of Tamil Nadu
19. The Commissioner of Handlooms and Textiles, Govt. of Tamil Nadu, Chennai.

Representatives of  the Tamil Nadu Handloom Weavers' Co-operative Society Ltd., Chennai.
20. The Managing Director, The Tamil Nadu Handloom Weavers' Co-operative Society Ltd., Chennai.

Representatives of the Southern India Mills' Association
21. Chairman, The Southern India Mills' Association, Coimbatore.

Special invitees 
 22. The Director, Central Leather Research Institute, Chennai (CSIR representative).
 23. The Director, Ministry of Textiles, Govt. of India, New Delhi.
 24. The Chairman, Confederation of Indian Textile Industry, New Delhi.
25. Ms. Kothai, Managing Director,  Jaya Soundaram Textile Mills P. Ltd.,  Aruppukottai.
26. Mr. Thiyagu  Valliappa, Executive Director, Sree Valliappa Textiles, Ltd, Bangaluru.

ANNEXURE VII

MEMBERS OF COUNCIL OF ADMINISTRATION

Annual Report 2015 - 16



72

ANNEXURE VIII

MEMBERS OF SUB-COMMITTEES

(A) Finance and machinery sub-committee             

Mr.D.Krishnamurthy (Chairman) Sri Kumaran Mills Limited, Coimbatore.

Dr. K.V.Srinivasan (Vice-Chairman) Premier Mills Pvt. Ltd., Coimbatore.  

Mr.E.Satyanarayana Sree Satyanarayana Spinning Mills Ltd, Tanuku. 

 Dr. Prakash Vasudevan Director, SITRA, Coimbatore.          

(B) Staff and awards sub-committee                                                                 

Mr.D.Krishnamurthy (Chairman) Sri Kumaran Mills Limited, Coimbatore. 

Dr. K.V.Srinivasan (Vice-Chairman) Premier Mills Pvt. Ltd., Coimbatore.  

Mr.J.Thulasidaran The Rajaratna Mills Ltd., Palani.              

Mr. S.Venkat Kumar (Whole Time Director) Selvaraja Mills Pvt. Ltd., Coimbatore.

Dr. Prakash Vasudevan Director, SITRA, Coimbatore. 
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ANNEXURE IX

MEMBERS OF RESEARCH ADVISORY COMMITTEE

Members

1. Mr. D.Krishnamurthy,  Sri Kumaran Mills Limited, Coimbatore. (Chairman)       

2. Dr. K.V.Srinivasan, Premier Mills Private Limited, Coimbatore. (Vice Chairman)

3. Dr. Prakash Vasudevan, SITRA, Coimbatore. (Director)

4. Dr. Arindam Basu, Northern India Textile Research Association, Ghaziabad.

5. Mr. Christopher Karunakaran, VTX  Ltd., Coimbatore.

6. Dr. Anjan Kumar Mukopadhyay, The Bombay Textile Research  Association, Mumbai.

7. Mr. S. Dinakaran, Sambandam Spinning Mills Ltd., Salem.  

8. Mr. B. Gopinath, Sri Venatalakshmi Spinners Pvt. Ltd., Udumalpet.

9. Mr. J. Harish Chandravel, Ram Narayana Mills Ltd., Coimbatore.

10. Mr. T. Kannan, Thiagarajar Mills Ltd., Kappalur.

11. Ms. N. Kothai, Sree Jeya Soundaram Textile Mills Private Ltd., Madagupatti.

12. Mr. B.K. Patodia, GTN Textiles Ltd., Aluva.      

13. Mr. Sanjay Jayavarthanavelu, Chairman cum Managing Director, Lakshmi Machine Works Limited,       

Coimbatore

14. Dr. A.K. Sharma, The Ahmedabad Textile Industry’s Research Association, Ahmedabad.

15. Smt  Anu Garg, I.A.S., Joint Secretary, Ministry of Textiles, Government of India.

16. The Commissioner of Handlooms and Textiles, Govt. of Tamil Nadu, Chennai.

17. The Director, Central Leather Research Institute, Chennai.

18. The Chairman & Managing Director, National Textile Corporation (TN&P) Limited, Coimbatore.

19. The Textile Commissioner, Office of the Textile Commissioner, Mumbai.  

Invitees 

Shri A. Arulsamy, Executive Director, National Textile Corporation Ltd, Coimbatore

Shri Sethuramalingam, Chief General Manager, Eveready Spinning Mills, Dindigul. 

Dr.J.Srinivasan, Professor, Dept of Fashion Technology, Kumraguru College of Technology, Coimbatore.

Shri Prashanth Chandran, Joint Managing Director, Precot Meridian Ltd., Coimbatore.

Dr.A. Ramamoorthy,  Medical Practitioner,  Coimbatore.

Dr R. Rajkumar, Chief Medical Officer,  Kovai Diagnostic Center, Coimbatore 

Dr.V.R.Giridev, Asst. Professor( Sr. Grade), Dept. of Textile Technology, AC College of Technology,Chennai.   

Shri M.Muthupalaniappa, Vice President (Technical), Thiagarajar Mills Ltd., Madurai.

Mr Ashok kumar, Technical Director, Saranya Spinning Mills Pvt Ltd., Namakkal Dt.

Mr S Rajasekar, Joint Managing Director, Theni Gurukrishna Textile Mills Pvt Ltd., Theni.

Dr N.N.Mahapatra , Vice-President,Business Development , COLORANT LIMITED, Ahmedabad. 

Dr. S. Kothandapani, Ph. D, G.M – Technical Services, Loocust Incorp, Tirupur. 

Dr. Umamaheswari. K, Associate Dean, Dept. of Medical Nanotechnology, School of Chemical & Biotechnology, SASTRA 
University, Thanjavur.

Mr. Michael Rodrigues, General Manager-Marketing, Shakthi Knitting Pvt. Limited, Tirupur.

Dr.R.Rajendran, Principal, PSG CAS, Coimbatore.

Dr. S. Suresh Kumar, Registrar, Department of General Surgery, Sri Ramakrishna Hospital, Coimbatore.

Dr.V.Subramaniam, Advisor, Jaya Engineering College, Chennai.
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Member,Sub-committee for manpower planning for the textile engineering industry constitued by India 

ITME Society, Mumbai.
Member, Project management committee for Mini Mission III and Mini Mission IV of Jute Technology 

Mission.
Supervisor, Ph.D & M.Phil. Programmes (Textile Technology), Anna University, Chennai.

Supervisor, Ph.D & M.Phil. Programmes (Textile Physics), Bharathiar University, Coimbatore.

Member, TX 0I  & TX 05 Committees, Bureau of Indian Standards, New Delhi.

Member, Panel of Expert for the Constitution of Selection/ Assessment Committees in Textile Technology, 

National Institute of Science Communication.

Member, Board of Studies of PSG College of Technology for TextileTechnology. 

Chairman, Hosiery Sectional Committee, TX 10, Bureau of Indian Standards, New Delhi.

Member, Council of National Jute Board, Kolkata.

Member, All India Powerloom Board, Ministry of Textiles, Government of India, New Delhi.

Member, Advisory Committee & member, Staff Selection Board,  Textile Technology Department, 

Kumaraguru College of Technology, Coimbatore.

Member, Council of Administration, SIMA Cotton Development & Research Association.

Member, Cotton Advisory Board, Ministry of Textiles, Govt. of India.

Member, CITI Cotton Development & Research Association, New Delhi.

Member, Board of Examiners of Indian Institute of Handloom Technology, Salem.

Member, CII, Southern Region, Textile  Sub-committee.

Expert member, Board of studies in Textile Technology, Bannari Amman Institute of Technology 

(Autonomous), Sathyamangalam.  

Member, Confederation of Indian Industries (CII), Coimbatore zone.

Member, Sardar Vallabhbhai Patel International School of Textiles and Management, Coimbatore.

Member, Cotton Selection/purchase committee, KVIC, Chitradurga.

Member, Technical Sectoral Expert Committee of Textile Sector under PAT Scheme of Bureau of Energy 

Efficiency (BEE)

Member, Board of Studies (BoS) in Textile Technology  (TT) of Karpagam University, Coimbatore

Member, Board of Studies (BoS) in Psychology at Bharathiar University, Coimbatore

ANNEXURE X

 COMMITTEES IN WHICH SITRA STAFF REPRESENTED
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ANNEXURE XI

 SITRA MEMBER MILLS

Note: Figures in brackets  indicate number of units, * Council decision pending   ** Resignation submitted

Annual Report 2015 - 16

Full Members

1 Adwaith Textiles Limited

2 Alagendra Textiles Limited

3 Amarjothi Spg. Mills Ltd.

4 Amman Spinning Mills

5 Anna Co-op. Spg. Mills Ltd.

6 Annamalaiar Mills Private Ltd.

7 Anugraha Fashion Mill (P) Ltd

8 Ashwin Industries (P) Ltd

9 Ashwinram Spinning Mills P Ltd

10 B K S Textiles Private Limited

11 B R T Spinnerrs Limited

12 Best Cotton Mills (P) Ltd

13 Cardwell Spinning Mills Limited

14 Chenniappa Yarn Spinners (P) Ltd

15 Chida Spg. Mills (P) Ltd.

16 Classic Spinning Mills Pvt. Ltd.

17 Coimbatore Polytex Private Ltd.

18 D B V Cotton Mills (P) Ltd.

19 Durairaj Mills Limited II

20 Eastman Spinning Mills (P) Ltd.

21 Emperor Textiles (P) Ltd

22 Ennar Spinning Mills (P) Ltd

23 G T N Industries Ltd

24 G T N Textiles Ltd.

25 G V D Textiles (P) Ltd

26 Gangai Spinning Mills

27 Gokak Mills (4)

28 Gopalakrishna Textile Mills Pvt. Ltd

29 Harshini Textiles Ltd

30 Himatsingka Seide Limited

31 Hindustan Cotton Spinning Mills  

32 Jagannath Textile Company Ltd

33 Jai Sakthi Mills

34 Jai Jagadhambiga Textile Mills P. Ltd

35 Jay Textiles -Unit II (Super Sales India Ltd.)

36 Jayavarma Textiles (P) Ltd - Unit 2

37 K K P Spinning Mills Ltd

38 Kallam Spinning Mills Ltd

39 Kandagiri Spg. Mills Ltd - Unit I

40 Kaveri Yarns and Fabrics Ltd.

41 Kayaar Exports Private Limited

42 Kesharinandan knit fabrics P Ltd

43 L S Mills Ltd.

44 Lakshmi Machine Works Ltd.

45 Madura Coats Private Limited (4)

46 MAG Solvics (P) Ltd

47 Malabar Spg. & Wvg. Mills

48 Mallur Siddeswara Spg. Mills Pvt. Ltd.

49 Maris Spinners Ltd.

50 Marudhamalai Sri Dhandapani Spinning 

Mills

51 Modern Cotton Yarn Spinners Limited

52 NKCM Spinners Pvt Ltd

53 N S P Knitting Mills

54 Nandhi Vardhana Textile Mills Limited  

55 Narasu’s Spg. Mills

56 National Textile Corporation (TN&P) Ltd.        

(16)

57 Prabath Spinner India

58 Prachidhi Spinners Pvt. Ltd,

59 Precot Meridian Ltd.                 (5)

60 Premier Mills Private Ltd.

61 Premier Spg. & Wvg. Mills Ltd.

62 Premier Tex Products P.Ltd

63 Prithivraj Textiles

64 Rasi Tex (IN)  P. Ltd.

65 Rithanyaa Textiles

66 S.A. Aanandan Spinning Mills (P) Ltd

67 S C M Textile Spinners

68 S P Spinning Mills Ltd.

69 S.S.K.Textiles

70 Sahana Textiles

71 Salona Cotspin Limited

72 Sangeeth Textiles Ltd.

73 Sarmangal Synthetics Limited

74 Saudagar Enterprise

75 Selvaraja Mills Pvt. Ltd.

76 Seyad Cotton Mills Ltd.

77 Seyadu Spinning mills

78 Shanmugappriya Textiles Ltd.

79 Shiva Texyarn Limited

80 Shri Cheran Synthetics India Ltd

81 Shri Govindaraja Mills Ltd,- B Unit

82 Shri Ramalinga Mills Ltd.

83 Shri Santhosh Meenakshi Textiles Private 

Limited

84 Soundararaja Mills Ltd.

85 Southern Spinners and Processors Limited

86 SP Superfine Cotton Mills (P) Ltd

87 Sree Akkamamba Textiles Ltd.

88 Sree Ayyanar Spg. & Wvg. Mills Ltd 

- Unit I (2)

89 Sree K N M Spg. Mills (P) Ltd.

90 Sree Narasimha Textiles (P) Ltd.

91 Sree Prashant Spinners Ltd.

92 Sree Satyanarayana Spg. Mills Ltd.

93 Sri Anjaneya Cotton Mills Pvt.Ltd

94 Sri Dhanalakshmi Cotton & Rice Mills 

Pvt. Ltd.

95 Sri Gomathy Mills Private Limited

96 Sri Kannapiran Mills Ltd.

97 Sri Kannattal Mills P. Ltd.

98 Sri Karthikeya Spg. & Wvg. Mills Ltd.

99 Sri Karunambikai Mills Pvt. Ltd

100 Sri Kumaran Mills Limited.

101 Sri Lakshmikantha Spinners Ltd       

102 Sri Lakshmi Saraswathi Textiles 

(Arni) Ltd.

103 Sri Mahasakthi Mills Ltd

104 Sri Muni Pachaiyappan Textiles (P)Ltd.

105 Sri Nachammai Cotton Mills Ltd.

106 Sri Ramakrishna Mills (CBE) Ltd.

107 Sri Ramnarayan Mills Ltd.

108 Sri Ranga Textiles (P) Ltd.

109 Sri Sakthi Textiles Ltd.

110 Sri Sharadhambika Spintex P.Ltd

111 Sri Shanmugavel Mills Pvt. Ltd.

112 Sri Varadaraja Textiles  Ltd.

113 Sri Venkatalakshmi Spinners (P)Ltd.

114 Sri Vignesh Yarns (P) Limited

115 Subadra Textiles Pvt. Ltd.

116 Super Spg. Mills Ltd. (3)

117 T T Limited-(Unit Tirupathi Spinning 

Mills)

118 The Banhatti Co-op. Spg. Mills Ltd.

119 The Bharathi Co-op. Spg. Mills Ltd.

120 The Kadri Mills (CBE) Ltd. (12)

121 The Lakshmi Mills Co.Ltd. (4)

122 The National Sewing Thread Co.Ltd

123 The Palani Andavar Mills Ltd.

124 The Pondicherry Co-op. Spg. Mills Ltd.

125 The Rajaratna Mills Ltd. (2)

126 The Southern Textile Ltd

127 The Sri Venkatesa Mills Ltd.

128 The Tamilnadu Handloom Weavers’ 

Co-op.Society Ltd

129 The Tamilnadu Textile Corporation Ltd

130 Tirupur Textiles Private Ltd. (3)

131 Tirupur Thirukkumaran Textiles (P) Ltd

132 Tradeline Enterprises Pvt Ltd

133 Umayal Spinners (P) Ltd

134 V.R Textiles Pvt Ltd

135 Veejay Lakshmi Textiles Limited (2)

136 Veejay Syntex Pvt. Ltd.

137 Vijay Velavan Spinning Mills (P) Ltd

138 Vishnu Lakshmi Mills (P) Ltd

139 Viswabharathi Textiles Ltd.

140 VTM Limited

Associate Members

1 Ashoka Multiyarn Mills Limited

2 B L P Super Spinners, 

(Unit of PBM Polytex Ltd)

3 Br.Sheshrao Wankhede Shetkari

Sahakari Soot Girni Ltd.
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4 Chandra Textiles Ltd.

5 Eurotex Industries & Exports Ltd.

6 Gimatex Industries Pvt.Ltd

7 Ginni Filaments Ltd

8 Gloster Jute Mills Ltd

9 Gujarat Heavy Chemicals Ltd. Unit :

Sree Meenakshi Mills

10 Kanco Overseas

11 Kangwal Textile Company Limited

12 Keshar Multiyarn Mill Ltd

13 Loyal Textile Mills Ltd.

14 Mafatlal Industries Limited

15 Mahalakshmi Fibres & Industries Ltd.

16 Nagammal Mills Ltd.

17 Nagreeka Exports Ltd.

18 P B M Polytex Ltd.

19 Pee Vee Textiles Limited

20 Pratibha Syntex Limited

21 PT. Indo Liberty Textiles

22 Rajapalayam Mills Ltd.

23 RSWM Limited (4)

24 Reliance Industries Ltd.

25 Rishab Spinning Mills (Prop.Nahar Exports 

Ltd.)

26 Sambandam Spg Mills Ltd.

27 Shetkari Sahakari Soot Girni Ltd.

28 Shriganesh Textile & Infrastructure (I) 

Pvt. Ltd     

29 Sree Valliappa Textiles Ltd.

30 Sri Jayajothi & Co Ltd.

31 STI India Limited 

32 Suryalakshmi Cotton Mills Ltd.

33 The Gobald Textiles Pvt. Ltd.

34 The Jamshri Ranjitsinghji Spg.& 

Wvg.Mills Ltd.

35 The Suguna Mills Pvt. Ltd.

36 Thiagarajar Mills Ltd. (2)

37 Vippy Spinpro Ltd

38 Visaka Industries Ltd.

39 Voltas Ltd.

TSC Members

1 Khanna Spinning Mills

2 S.N.N. Textiles Private Limited

3 Gayathri Tex Trade India Pvt. Ltd.

4 Anishkumar Spinning Mill

5 Kikani Exports Pvt. Ltd.

6 BHF International Pvt Ltd

7 Sri Gomuki Tex Chem Pvt. Ltd.

8 Rimtex Engineering Pvt. Ltd.

9 Sri Choleeswarar Spg. Mills,

10 Techno Electronics & Instruments

11 Muthu Spinning Mills Private Ltd.

12 PEE AAA Impex

13 Thirumurugan Spinners,

14 Kanakalakshmi Mills (P) Ltd.,

15 Prathishta Weaving & Knitting Co. Ltd.

16 Sky Cotex India Private Limited

17 Hanjung Exim Private Limited

18 A.R.Appasamy

19 Jayanthi Textile Products

20 Yuvraj Lube & Petrochemical Pvt Ltd.

21 Sri Krishna Textiles

22 Pon pure chem (P) LTD.

23 Lakshmi Spinners

24 JVS Spinners (India) Limited,

25 East India Commercial Co. Ltd.,

26 Veejay Terry Products Ltd.,

27 Sri Jagannatha Spinners Pvt. Ltd.

28 Sre Venkatachalapathy Textiles

29 Sri Alagarmalayan Textiles (P) Ltd.

30 Niligiri Textiles (P) Ltd.

31 T.T.N.Textile Spinners

32 Thiruvarangan Spintex Private Limited

33 Go Go International Pvt Ltd.

34 Fab Yarbs

35 Geena Garments

36 Ess Kay Yarn dyeing

37 Indian Cotton Synthetics(CBE) Ltd.

38 Micrro Cotspin India (P) Ltd

39 Royal Yarns Coimbatore Pvt Ltd.

40 Sunil Industries Ltd-Dindigul

41 Anitha Weaving Mills

42 Jayavenkatalakshmi Textiles (P) Ltd.

43 Dhanalakshme Textiles

44 GD Textile Madura Pvt Ltd.

45 Kavitha Textiles

46 Sakthi Ganesh Textiles (P) Ltd.

47 Sakthidaran Spintex Mills P Ltd.

48 V.Thangavel & Sons Private Limited
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Independent Auditor☂s Report

To
The Members of The South India Textile Research Association

Report on the Financial Statements
1. We have audited the accompanying financial statements of The South India Textile

Research Association(the ☜Association☝), which comprise the Balance Sheet as at
March 31,2016 and Income and Expenditure Account for the year then ended.

Management☂s Responsibility for the Financial Statements
2. The Association☂s Management is responsible for the preparation of these financial

statements that give a true and fair view of the financial position and financial
performance of the Association. This responsibility includes the design, implementation
and maintenance of internal control relevant to the preparation and presentation of the
financial statements that give a true and fair view and are free from materialmisstatement,
whether due to fraud or error.

Auditor☂s Responsibility
3. Our responsibility is to express an opinion on these financial statements based on our

audit. We conducted our audit in accordance with the Standards on Auditing issued by the
Institute of Chartered Accountants of India. Those Standards require that we comply with
ethical requirements and plan and perform the audit to obtain reasonable assurance about
whether the financial statements are free from material misstatement.

4. An audit involves performing procedures to obtain audit evidence, about the amounts and
disclosures in the financial statements. The procedures selected depend on the auditors☂
judgment, including the assessment of the risks of material misstatement of the financial
statements, whether due to fraud or error. In making those risk assessments, the auditors
consider internal control relevant to the Association☂s preparation and fair presentation of
the financial statements in order to design audit procedures that are appropriate in the
circumstances, but not for the purpose of expressing an opinion on the effectiveness of the
entity☂s internal control. An audit also includes evaluating the appropriateness of
accounting policies used and the reasonableness of the accounting estimates made by
Management, as well as evaluating the overall presentation of the financial statements.



5. We believe that the audit evidence we have obtained is sufficient and appropriate to
provide a basis for our audit opinion.

Opinion
6. In our opinion, and to the best of our information and according to the explanations given

to us, the accompanying financial statements give a true and fair view in conformity with
the accounting principles generally accepted in India:

(a) in the case of the Balance Sheet, of the state of affairs of the Association as at March
31, 2016; and

(b) in the case of the Income and Expenditure Account, of the Excess of Expenditure over
Income for the year ended on that date.

7. We report that:

(a) We have obtained all the information and explanations which, to the best of our
knowledge and belief, were necessary for the purpose of our audit;

(b) The Balance Sheet and Income and Expenditure Account dealt with by this Report are
in agreement with the books of account;

For P.N.Raghavendra Rao& Co.,
Chartered Accountants
Firm Registration Number: 003328S

Sd/-M.Bhaskar
Partner
Membership Number: 025073

Coimbatore
August 08, 2016



Particulars
 Schedule

No.
2015-16 2014-15

LIABILITIES
�����������	�
 ��� � ����������� �����������

����	�
 ����	 ���� �����	�� � ������������ ������������

����� �� �� !���
�� � ������������ ������������

������	 "��#�
�	��� �� $�� ������ � ������������ 8,09,32,358
TOTAL (A) 1,08,16,63,902 1,01,68,59,954

ASSETS
Fixed Assets - Net Block 5 & 6 50,68,95,507 50,16,68,915
Investments 7 40,69,50,670 39,30,41,533
Sponsored Projects - Grant Receivable 8 58,65,718 1,95,78,924
Current Assets, loans, Advances etc 9 16,19,52,007 10,25,70,582

TOTAL (B) 1,08,16,63,902 1,01,68,59,954

(1) 0

Place : Coimbatore For P.N.Raghavendra Rao & Co.,
DATE: 08/08/2016 Chartered Accountants

Sd/-
(M.Bhaskar)

Partner

(Sd/-) D. Krishnamurthy (Chairman) (Sd/-) Dr.Prakash Vasudevan (Director)
(Sd/-) Dr. K.V.Srinivasan(Vice Chairman) (Sd/-) A. Arulsamy

THE SOUTH INDIA TEXTILE RESEARCH ASSOCIATION
BALANCE SHEET AS AT 31ST MARCH 2016

Amount in "Rs."

"Vide our report of even date"

1



Particulars
 Schedule

No.
2015-16 2014-15

INCOME
%&'()* +r() ,*r-.'*s /0 6,49,09,264 5,24,01,186
Membership/Ministry Contribution 11 1,84,55,952 1,68,31,373
Sponsored Projects - Overhead Recoveries 12 17,93,493 42,58,616
Other Income 13 1,07,40,094 1,01,26,246

TOTAL (A) 9,58,98,803 8,36,17,421

EXPENDITURE
Establishment Expenses 14 6,01,15,639 5,63,40,269
Administrative Expenses 15 1,77,57,169 1,26,15,772
Repairs and Maintenance 16 1,13,25,856 65,73,361
Stores Consumed 17 21,97,279 17,25,875
Finance Charges 18 15,757 1,14,407
Sponsored Projects - SITRA Contribution 19 8,63,477 17,55,093
Depreciation 20 74,15,072 55,79,189

TOTAL (B) 9,96,90,248 8,47,03,967

Balance being excess of Expenditure over Income for the year (37,91,446) (10,86,546)

THE SOUTH INDIA TEXTILE RESEARCH ASSOCIATION
INCOME AND EXPENDITURE ACCOUNT FOR  THE YEAR ENDED  31ST MARCH 2016

Amount in "Rs."

2

Balance being excess of Expenditure over Income for the year (37,91,446) (10,86,546)
Appropriated from Asset Stabilisation Reserve 2,35,554 3,76,604
Appropriated from Infrastructure Devel. & Maintenance
Reserve 56,48,160 11,39,012
Appropriated from Staff Benefit Reserve( Payment of
Terminal Benefits ) - SITRA 30,97,177 30,16,874
Appropriated from Depreciation Reserve - SITRA 12,29,235 -
Appropriated from General  Reserve - SITRA 8,67,081 -
Balance Surplus 72,85,761 34,45,944
Transfer to Staff Benefit Reserve (Terminal Benefits) - SITRA 70,00,000 31,00,000
Transfer to Corpus Reserve for R & D - -
Transfer to General Reserve 2,85,761 3,45,944

Place : Coimbatore
DATE: 08/08/2016

(Sd/-) D. Krishnamurthy (Chairman)
(Sd/-) Dr. K V Srinivasan(Vice Chairman)

Interest
78,77,244

PLSC PF

Depreciation

For P.N.Raghavendra Rao & Co.,
Chartered Accountants

(Sd/-) Dr.Prakash Vasudevan (Director)

"Vide our report of even date"

         (Sd/-) A. Arulsamy

Sd/-
(M.Bhaskar)

Partner

2



Schedules 2015-16 2014-15
Sch - 1
Corpus/Capital Fund
123t456ut523 7428 9:86:r 95;;s <=>8,17,326 2,77,39,023
Add: Received during the year 2,96,490 96,400

2,81,13,816 2,78,35,423
Less: Profit / (Loss) on Disposal of Assets 77,241 (18,097)

Total 2,81,91,057 2,78,17,326
Sch - 2
Capital Grant from Ministry
Cotton Textile Fund Committee 12,53,791 12,53,791
Council of Scientific and Industrial Research 22,69,513 22,69,513
Ministry of Textiles 29,66,019 29,66,019
MOT/Office of the Textile Commissioner - Spon Projects 10,91,32,491 10,88,79,005
Ministry of Textiles - Sponsored CAD Centre 48,82,780 48,82,780
Ministry of Textiles  - Centre of Excellence - Meditech 20,14,51,994 19,68,87,006
MOT/Office of the Textile Commissioner - PLSC 5,44,96,002 5,44,96,000

Total 37,64,52,591 37,16,34,115
Sch - 3
Reserves & Surplus
General Reserve 16,68,57,948 7,69,09,625
Asset Stabilisation Reserve 5,72,56,425 6,53,01,050
Corpus fund for Research and Development Reserve 8,32,17,125 7,84,57,319
Infrastructure Development and Maintenance Reserve 5,91,07,412 6,08,63,532
Staff Benefit Reserve - SITRA 7,52,98,986 6,61,61,876

THE SOUTH INDIA TEXTILE RESEARCH ASSOCIATION

Schedules to Balance Sheet  for the year ended 31.03.2016
Amount in "Rs."

3

Staff Benefit Reserve - SITRA 7,52,98,986 6,61,61,876
Staff Benefit Reserve - PLSC 74,16,286 81,72,060
Centre of Excellence Building Reserve 7,61,66,275 7,61,66,275
Transfer to General Reserve (7,61,66,275) -
Depreciation Reserve Invt.Interest 11,75,91,286 10,44,44,418
PLSC/CAD Centre Reserve (62,97,156) (9,23,462)
Less: Transfer to  Sitra General Reserve 62,97,156 9,23,462

Total 56,67,45,468 53,64,76,155
Sch - 4
Current Liabilities & Provisions
Current Liabilities
Unspent grant
Unspent grant - SITRA 38,61,125 -
Unspent grant - ISDS 5,02,15,876 3,92,80,695
Unspent grant - COE 4,22,21,544 2,13,57,752
Unspent Grant -SSY - 24,18,000
Advance from Debtors 47,71,661 29,11,604
Liability for Finance 3,16,090 5,91,223
Liability For Expenses & Others 33,77,144 19,46,814

Total (A) 10,47,63,440 6,85,06,087
Provisions
ISDS Provision for Expenses - 73,76,416
Provision for Expenses -SITRA 9,65,451 25,06,724
Provision for Expenses - PLSC 45,45,894 25,43,130

Total (B) 55,11,345 1,24,26,270

Total (A + B) 11,02,74,785 8,09,32,358

3



Schedules 2015-16 2014-15

Fixed Assets
Sch - 5
Gross Assets
Lands 7,83,712 5,11,107
Building - SITRA 3,47,27,334 3,43,50,903
Building - COE 8,23,09,662 7,96,05,267
Plant and Machinery 11,49,60,004 11,42,95,964
Furniture & Fittings 72,98,587 71,22,917
Computer And Accessories 73,01,748 58,26,658
Library 26,07,370 25,37,816
Vehicle 14,89,840 15,07,934

Total 25,14,78,257 24,57,58,567
Sch - 6
Fixed Assets under Sponsored Projects
The South India Textile Research Association 7,11,38,165 7,11,38,165
Integrated Skill Development Scheme 2,42,91,138 2,42,84,638
Centre of Excellence - Meditech 20,86,97,870 20,55,26,230
Powerloom Service Centre(Incl.all Assets) 5,50,25,187 5,32,52,179

Total 35,91,52,360 35,42,01,212
Total Gross Block 61,06,30,617 59,99,59,778

Depreciation Reserve
Depreciation Reserve - Building 1,05,15,289 90,70,389
Depreciation Reserve - Computer & Accessories 25,43,336 23,56,950

THE SOUTH INDIA TEXTILE RESEARCH ASSOCIATION
Schedules to Balance Sheet  for the year ended 31.03.2016

Amount in "Rs."

5

Depreciation Reserve - Computer & Accessories 25,43,336 23,56,950
Depreciation Reserve - Furniture And Fixtures 22,18,729 20,12,268
Depreciation Reserve - Plant & Machinery 8,50,18,266 8,22,63,612
Depreciation Reserve - Vehicles 2,66,083 1,87,727
Depreciation Reserve - ISDS 31,73,407 23,99,918

Total 10,37,35,110 9,82,90,863
Net Block 50,68,95,507 50,16,68,915

Sch - 7
Investments
Depreciation Reserve Investment - SITRA 19,77,83,184 19,32,63,000
Corpus Reserve for Research and Development Investment 5,44,08,433 5,29,87,000
Infrastructure Development & Maintenance Reserve Investment 4,84,90,123 5,27,88,670
Staff Benefit Reserve Investment - SITRA 5,19,17,910 5,53,45,295
Staff Benefit Reserve Investment - PLSC 74,16,286 81,72,060
General Reserve  Investment 4,69,34,734 2,95,20,508
PLSC/CAD Centre Reserve  Investment 9,65,000 9,65,000
Less: Transfer to General Reserve Investment-SITRA (9,65,000) -

Total 40,69,50,670 39,30,41,533
Sch -8
Sponsored Projects - Grant Receivable
As per Schedule 49,88,087 1,87,01,293
Grant Not Realised 8,77,631 8,77,631

Total 58,65,718 1,95,78,924

5



Schedules 2015-16 2014-15

Sch - 9
Current Assets, loans, Advances etc
?@ABCD EFGHICJ KLMNOMLPP QQMRSMTRO

?HIUV IW XYG Z[[YCYH@J \ ]IAJ@^YG_FJ 8,03,557 -
Total 43,53,079 11,87,689

Cash & Bank Balances
Cash on Hand 74,817 3,82,304
Cash at Bank 6,40,93,847 5,28,84,123
Cash at Bank PLSC 8,89,208 40,78,972
Cash at Bank CoE 4,45,61,178 2,19,91,566

Total 10,96,19,050 7,93,36,965
Loans & Advances
Deposits - Others 24,31,199 22,02,375
Advance for Purchases & Others 3,98,68,694 1,45,11,672
Tax Deducted at Source 56,79,983 53,31,880

Total 4,79,79,877 2,20,45,928
Grand Total 16,19,52,006 10,25,70,582

THE SOUTH INDIA TEXTILE RESEARCH ASSOCIATION

Schedules to Balance Sheet  for the year ended 31.03.2016
Amount in "Rs."
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Schedules 2015-16 2014-15

Sch - 10
Income from Services
`astbcd ecf gcvastbdetbhc iaa jklmk89,241 4,77,93,861
HRD Education Receipts 70,56,386 38,98,710
Publication Income 4,63,637 7,08,615

Total 6,49,09,264 5,24,01,186
Sch - 11
Membership/Ministry Contribution
From Ministry of Textiles 1,15,10,000 1,11,00,000
From Membership Contribution 67,09,952 55,42,373
From Technical Service Card Membership Fees 2,36,000 1,89,000

Total 1,84,55,952 1,68,31,373
Sch - 12
Sponsored Projects - Overhead Recoveries 17,93,493 42,58,616

Total 17,93,493 42,58,616
Sch - 13
Other Income
Interest Income from Investment and Advances 30,83,810 29,05,521
Rent Receipts 13,46,537 7,39,073
Miscellaneous Income 39,22,132 38,00,967
Allocation of Expenses incurred by SITRA for COE 1,89,978 5,42,935
Allocation of Expenses incurred by SITRA for PLSC 21,97,637 21,37,750

Total 1,07,40,094 1,01,26,246

Amount in "Rs."

THE SOUTH INDIA TEXTILE RESEARCH ASSOCIATION
Schedules to Income and Expenditure Account for the year ended 31.03.2016

7

Total 1,07,40,094 1,01,26,246
Sch - 14
Establishment Expenses
Salary and Other Allowances 5,70,01,780 5,60,42,416
Sitra Contributory PF and other Funds 50,15,711 44,99,527

6,20,17,491 6,05,41,943
Less: Allocated to Sponsored Projects 14,60,640 13,06,210
          Allocated to ISDS 4,41,212 28,95,464

Total 6,01,15,639 5,63,40,269
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Schedules 2015-16 2014-15

nopuqt rq "Rs."

THE SOUTH INDIA TEXTILE RESEARCH ASSOCIATION
Schedules to Income and Expenditure Account for the year ended 31.03.2016

Sch - 15
Administrative Expenses
Travelling Expenses 13,28,528 12,76,027
Printing & Stationery 8,33,372 6,96,138
Publication Expenses 4,21,990 4,26,012
Postage, Telegrams and Telephone Charges 9,99,206 10,83,738
Journals and Periodicals 86,774 86,471
Electricity Charges 63,21,486 46,25,905
Building & Fire Insurance 8,65,493 8,68,474
Rent, Rates and Taxes 4,34,579 39,251
Advertisement Charges 1,53,334 3,83,259
Training Course Expenses 16,11,247 6,63,849
Conferences, Seminars and Meetings 23,39,437 8,19,447
Audit Fees 50,000 50,000
Internal Audit Fees 1,58,190 1,28,000
Professional Charges 6,27,013 90,081
Office Expenses 4,42,591 5,04,407
SITRA Textile Service Centre Expenses 8,93,951 3,31,778
Allocation of Expenses incurred by SITRA for COE 1,89,978 5,42,935

Total 1,77,57,169 1,26,15,772
Sch - 16
Repairs & Maintenance
Maintenance of Motor Cars and Vehicles 62,240 1,69,989
Maintenance of Machinery 44,31,960 37,07,932
Maintenance of Building & Staff Quarters 67,79,256 26,27,295

6

Maintenance of Building & Staff Quarters 67,79,256 26,27,295
Maintenance of Furniture 52,400 68,145

Total 1,13,25,856 65,73,361
Sch - 17
Stores Consumed 21,97,279 17,25,875

Total 21,97,279 17,25,875
Sch - 18
Finance Charges
Bank Charges and Commission 15,757 25,261
Interest - 89,146

Total 15,757 1,14,407
Sch - 19
Sponsored Projects - SITRA Contribution 8,63,477 17,55,093

Total 8,63,477 17,55,093

Place : Coimbatore
DATE: 08/08/2016

(Sd/-)  D. Krishnamurthy (Chairman)
(Sd/-)  Dr.K.V.Srinivasan

For P.N.Raghavendra Rao & Co.,

            (Sd/-) A. Arulsamy

(M.Bhaskar)
Partner

Sd/-

(Sd/-) Dr.Prakash Vasudevan (Director)

Chartered Accountants

"Vide our report of even date"
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Value Additions Deletion Value Depreciation Deletion Depreciation W.D.V Closing W.D.V
as on During During as on As on During for the year As on As on

01.04.2015 2015-16 2015-16 31.03.2016 01.04.2015 2015-16 2015-16 31.03.2015 31.03.2016

1 ���w �������z � � �������z � � � �������z �������z

2 ������� z�������� 69,554 - 26,07,370
3 ISDS - Library 34,12,659 - - 34,12,659
4 Building 3,35,28,818 3,76,431 - 3,39,05,249
5 ISDS - Building Renovation 10,03,177 - - 10,03,177
6 Auditorium 5,03,235 - - 5,03,235 2,04,588 - 4,868 2,98,647 2,93,779
7 Staff Quarters 2,37,543 - - 2,37,543 1,08,698 - 2,100 1,28,845 1,26,745
8 Furniture 43,13,513 39,058 - 43,52,571
9 ISDS - Furniture 24,49,677 - - 24,49,677

10 Electrical Fittings 81,307 - - 81,307 66,789 - 485 14,518 14,033
11 PLSC - Furniture 27,685 - - 27,685 16,679 - 368 11,006 10,638
12 Machinery 10,01,47,751 24,29,326 42,09,081 9,83,67,996
13 Sponsored Projects - Assets 4,05,54,676 - - 4,05,54,676
14 ISDS - Machinery 1,34,63,602 6,500 - 1,34,70,102 18,38,350 - 5,98,700 1,16,25,252 1,10,33,052
15 ISDS-PSC-Machinery 36,00,001 - - 36,00,001 5,25,892 - 1,58,317 30,74,109 29,15,792
16 ISDS - Machinery Phase II 3,55,523 - - 3,55,523 35,676 - 16,472 3,19,847 3,03,375
17 PLSC- Machinery 4,33,949 - 4,33,949 1,95,791 - 12,265 2,38,158 2,25,893
18 Computer 58,26,658 2,90,424 - 61,17,082 23,56,950 - 1,86,385 34,69,708 35,73,747

ERP WIP 11,84,666 - 11,84,666 - - - - 11,84,666
19 Motor Cars 13,78,119 - - 13,78,119 1,46,784 - 87,055 12,31,335 11,44,280
20 Motor Cycles & Scooters 1,29,815 - 18,094 1,11,721 40,943 14,981 6,283 88,872 79,476
21 CoE Building Electrical Equipments 1,23,39,396 8,06,837 - 1,31,46,233 2,46,016 - 4,33,255 1,20,93,380 1,24,66,962
22 COE Building - 8,23,09,662 - 8,23,09,662 - - 10,14,353 - 8,12,95,309

COE Building Work-In Progress 7,96,05,267 - 7,96,05,267 - - - - 7,96,05,267 -
23 COE Furniture & Fixtures 26,17,044 - - 26,17,044 21,373 - 86,695 25,95,671 25,08,976
24 COE  Assets 15,39,283 17,73,829 - 33,13,112 51,412 - 1,10,658 14,87,871 31,51,042

Sponsored Projects -Assets
25 The South India Textile Research Association 3,05,83,489 - - 3,05,83,489 - - - 3,05,83,489 3,05,83,489
26 Centre of Excellence 20,55,26,230 31,71,640 - 20,86,97,870 - - - 20,55,26,230 20,86,97,870
27 Powerloom Service Centre(Incl.all Assets) 5,29,79,834 20,45,353 - 5,50,25,187 1,91,56,113 - - 3,38,23,721 3,58,69,074

Total 59,99,59,778 9,45,03,280 8,38,32,442 61,06,30,617 9,82,90,863 19,70,825 74,15,072 50,16,68,915 50,68,95,507

Schedules to Balance Sheet  for the year 2015-16

D E P R E C I A T I O N  F O R  T H E  Y E A R  2015-2016

S.No. Name of the Asset
C O S T D E P R E C I A T I O N WDV

59,50,474 60,20,028
87,57,103 - 4,23,580

- - -

18,65,688 - 1,64,614

6,26,56,018 19,55,844 41,08,619 7,80,46,409 7,41,13,879

48,97,502 47,71,946

2,57,74,892 2,57,27,743
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 £¤�
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¥ ¦§¨§©ª«¬ ® ¯°±ª§²° ³´¨©«°µ ¶°©°·«¸¹ º«»°¸ª©

¼
½¾¿ÀÁÂÃ¾ÄÅ ÁÆ ÇÁÅ¼ÅÁÈ ÉÊÆÆ Ç¾Â¼ËÈ ½¾¿ËÌ¾Í ÆÁÈ
ÎÏÁÊÀÐ¾È

(ÑÒÓÔÕÓÕÕÕ) - (ÑÒÓÔÕÓÕÕÕ) - - - - - (ÑÒÓÔÕÓÕÕÕ)

Ö
½¾¿¾ÀÁÂÃ¾ÄÅ ÁÆ ÎÂ¾ÌË¼À ×ÁÊÄÐ Ì¼È¾ ½È¾ÍÍËÄØ
Ã¼Ð¾ ÁÆ ÙÚÛÜÌÏËÅÁ

(ÝÞÓÔÔÑ) - (ÝÞÓÔÔÑ) - - - - - (ÝÞÓÔÔÑ)

Ì
½¾¿¾ÀÁÂÃ¾ÄÅ ÁÆ ×ÁÊÄÐ ÐÈ¾ÍÍËÄØ Ã¼Ð¾ ÁÆ
¾À¾ÌÅÈÁ ÍÂÊÄ Ï¾ÈÖ¼À

(ÑÕÓÔÕÓÕÕÕ) ÑÕÓÔÕÓÕÕÕ - - - - - - -

Ð
ßÁÍÂËÅ¼À à¾Ð áËÄ¾ÄÍ ×ËÅÏ âÄÏ¼ÄÌ¾Ð ãÏ¾ÈÃ¼À

ÙÈÁÂ¾ÈÅË¾Í
äÒÓÒÔÓåÕÕæ ÒÓÒÔÓåÕÕ ç ç ç ç ç ç ç

¾
½¾ÍËØÄ è é¼ÖÈËÌ¼ÅËÁÄ ÁÆ ¼Ä ËÄÍÅÈÊÃ¾ÄÅ ÅÁ ¼ÍÍ¾ÍÍ
ÅÏ¾ È¾ÍËÍÅ¼ÄÌ¾

äÑÕÓêåÓÞÕÕæ ÑÕÓêåÓÞÕÕ ç ç ç ç ç ç ç

Æ
½¾¿¾ÀÁÂÃ¾ÄÅ ÁÆ ã¾ëÅËÀ¾ ì¼ÅÈËÌ¾Í ÆÁÈ ÅÏ¾
¾ÆÆ¾ÌÅË¿¾ ×ÁÊÄÐ

äÔåÓíÔÓåÕÕæ ÔåÓíÔÓåÕÕ ç ç ç ç ç ç ç

½¾¿¾ÀÁÂÃ¾ÄÅ ÁÆ ã¾ëÅËÀ¾ ì¼ÅÈËÌ¾Í ÆÁÈ ÅÏ¾
¾ÆÆ¾ÌÅË¿¾ ×ÁÊÄÐ ç îÛ ÉÁÄÅÈËÖÊÅËÁÄ

äÝÞÓíïåæ ÝÞÓíïå ç ç ç ç ç ç ç

Ø
½¾ÍËØÄ è ½¾¿ð ñÆ ¼Ä ÛÊÅÁÃ¼Å¾Ð âòÊËÂÃ¾ÄÅ ÅÁ
ÂÈÁÐÊÌ¾ óÄÁÅÀ¾ÍÍ

äÔÔÓíêÓåÕÕæ ÔÔÓíêÓåÕÕ ç ç ç ç ç ç ç

½¾ÍËØÄ è ½¾¿ð ñÆ ¼Ä ÛÊÅÁÃ¼Å¾Ð âòÊËÂÃ¾ÄÅ ÅÁ
ÂÈÁÐÊÌ¾ óÄÁÅÀ¾ÍÍ ç îÛ ÉÁÄÅÈËÖÊÅËÁÄ

äÔÝÓÕåÕæ ÔÝÓÕåÕ ç ç ç ç ç ç ç

Ï ½¾¿¾ÀÁÂÃ¾ÄÅ ÁÆ ¼ á¾ÊôÁÐ¾ÂÀ¾ÅËÁÄ àÀÁÁÐ éËÀÅ¾È äÔÑÓåÔÓåÕÕæ ÔÑÓåÔÓåÕÕ ç ç ç ç ç ç ç

½¾¿¾ÀÁÂÃ¾ÄÅ ÁÆ ¼ á¾ÊôÁÐ¾ÂÀ¾ÅËÁÄ àÀÁÁÐ éËÀÅ¾È ç
îÛ ÉÁÄÅÈËÖÊÅËÁÄ

äÝÑÓÞÝÕæ ÝÑÓÞÝÕ ç ç ç ç ç ç ç

Ë

½¾ÍËØÄ ¼ÄÐ é¼ÖÈËÌ¼ÅËÁÄ ÁÆ ¼Ä îÄÍÅÈÊÃ¾ÄÅ ÅÁ

â¿¼ÀÊ¼Å¾ Ç¾ÍËÍÅ¼ÄÌ¾ ÁÆ ì¾ÐËÌ¼À é¼Ì¾ ì¼ÍôÍ ÅÁ
Ù¾Ä¾ÅÈ¼ÅËÁÄ Öõ ßËØÏ Ú¾ÀÁÌËÅõ ÎÅÈ¾¼Ã ÁÆ àÀÁÁÐ
ÆÈÁÃ ¼ ÙÊÄÌÅÊÈ¾Ð öÁÊÄÐ

ç ÑÑÓÕåÓÔÕÕ ÑÑÓÕåÓÔÕÕ ÝÓÕÞÓÒÕÒ ÒÓÔÕÓíÔê ÑÔÓÔíÓÞÝí ÑÓêïÓïíÔ ç ç

÷
½¾ÍËØÄ ¼ÄÐ Æ¼ÖÈËÌ¼ÅËÁÄ ÁÆ ¼Ä ËÄÍÅÈÊÃ¾ÄÅ ÅÁ
¾¿¼ÀÊ¼Å¾ ÅÏ¾ ÌÏ¼È¼ÌÅ¾ÈËÍÅËÌÍ ÁÆ ÆÀÊËÐ Ï¼ÄÐÀËÄØ
Ì¼Â¼ÌËÅõ ÁÆ ×ÁÊÄÐ Ì¼È¾ ÐÈ¾ÍÍËÄØÍ

ç ÑÑÓÕåÓÔÕÕ ÑÑÓÕåÓÔÕÕ ÔÓåÝÓÞêê íÓÞÑÓÕÞÝ ÑÕÓÑïÓíåÕ ÝÓïïÓÑÝí ç ç

ô
½¾¿¾ÀÁÂÃ¾ÄÅ ÁÆ ¼ ß¾¼Å ¼ÄÐ ìÁËÍÅÊÈ¾ âëÌÏ¼ÄØ¾

éËÀÅ¾È
ç ÑÑÓÔåÓÕÕÕ ÑÑÓÔåÓÕÕÕ ÝÓÕÔÓêêÕ ÒÓÕêÓÞÝÒ ÑÔÓÑÑÓåÑÒ ÔÓÑÞÓÝÞÑ ç ç

À ½¾¿¾ÀÁÂÃ¾ÄÅ ÁÆ îÄÐËØ¾Ä¾ÁÊÍ ÚËÈ¼À à¼ÈÈË¾È é¼ÖÈËÌ ç ÒÓÑêÓíåÕ ÒÓÑêÓíåÕ ç ç ç ÒÓÑêÓíåÕ ç ç

Ã
½¾¿¾ÀÁÂÃ¾ÄÅ ÁÆ ¼ ÛÄÅ¾ÈËÁÈ ÉÈÊË¼Å¾ áËØ¼Ã¾ÄÅÍ

äÛÉáæ ÊÍËÄØ ã¾ëÅËÀ¾ ì¼ÅÈËÌ¾Í ç ÑÑÓÞÝÓíåÕ ÑÑÓÞÝÓíåÕ ç ç ç ÑÑÓÞÝÓíåÕ ç ç

Ä
½¾¿¾ÀÁÂÃ¾ÄÅ ÁÆ ø¼ÄÁÂ¼ÈÅËÌÀ¾ Ö¼Í¾Ð
ÅÈ¼ÄÍÐ¾ÈÃ¼À Â¼ÅÌÏ¾Í ÁÆ Í¾À¾ÌÅ¾Ð Ì¼ÈÐËÁ¿¼ÍÌÊÀ¼È

ÐÈÊØÍ

ç ÑÕÓÝÝÓÞåå ÑÕÓÝÝÓÞåå ç ç ç ÑÕÓÝÝÓÞåå ç ç

ù¥úû¥úüýúûüþÿ ¥úþþúüüú��� üüúý�ú��ü 8,63,477 25,90,430 34,53,906 38,61,125 - ù19,56,223ÿ
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 PQ RST

U
VWXWYZ[\ Y]^XY^[_` ]^a_[b^^c Y_[dWe_ e_XZ[_

[_e_W]ZY
                       - fgfhgiigiii 69,08,670 88,75,741 1,14,00,000 - 2,02,75,741 - -

jk Regional Office of the Textile Commissioner
Phase II          (6,42,905) 6,42,905 - - - - - -
For Conducting Seminar 1,50,000 - - 1,50,000 1,50,000 - -
Powerloom Development Export Promotion
Council 2,02,000 - - 2,02,000 2,02,000 - -

lk Tamilnadu Skill Development Programme       (13,98,880) 12,20,100 - - - - -

mk

Commisioner of Backward Classes
Welfare,Chennai ( BC / MBC Training
Programme)

      (18,26,600) 18,26,600 - -
-

- - - -

n SITRA Integrated Skill Development Scheme -
DPR - 2 3,92,80,695 - 32,19,277 4,24,93,472 6,500 4,24,99,972 - -
DPR - 3 5,38,59,000 1,98,034 38,41,157 5,02,15,877
op qrstuvlwtvrs

SITRA - 1,45,052 2,122 3,13,558 (1,66,384)
PLSC - 7,97,508 - 8,72,542 (75,034)

x International Training Programme (20,21,370) 65,34,776 - - 66,81,872 - 66,81,872 -
y CoE Projects -
i Office of the Textile Commissioner

Development of Collagen coated hernia mesh (2,40,000) - - - - -
Development of Moppings pads using non
woven & Woven structure (2,40,000) - - - - -

ii Department of Science & Technology (1,82,289) 7,00,000 - 7,22,329 - 7,22,329
iii Engagement of Consultant under TMTT 38,29,801 - - 20,64,567 - 20,64,567 17,65,234
iv Establishment of Training Facilities 1,75,27,951 - - - - 31,71,640 31,71,640 1,43,56,310 -
v Focus Incubation Centre - 2,61,00,000 - - - - 2,61,00,000

yzx{z|}zx{n ~{znyz��z�x~ ~z{nzU|z~{n ~z{{z}~z|x~ 6,75,55,397 31,78,140 7,57,68,121 9,24,37,421 �2,41,418k

�m���w��� tr �j�jsm� ����t �ru t�� ��ju U{~y�~}

 E�C4=5<?6D4
A�A6=? <= ��@��

17��A�  C>C<?>7

��� ����� o��op ����o�� ����p�q� p���qop�o��

�=@C4=?

 TA?>7
E�C4=5<?6D4 Q@
A? NIJHNJKHIO

 �426DD<=�
1PT�QJPQ

CA=?D<�6?<A=
 �4�4=64 J

ACCDACD<>?<A=

 B>7>=24 >@ >? NIJHNJKHIO
�>�4 AB 1CA=@AD45 EDAF42?

 SC4=<=�
B>7>=24 KHILM

2016
 F6=5@ �424<�45
56D<=� ?34  4>D

 �424<C?@

10



¡¢£¤¡£¥¤¢¦ §¨©ª¨§¨«¨¬ ¡¢£¤¡£¥¤¢® ¡¢£¤¡£¥¤¢¦ ©¬« ¡¢£¤¡£¥¤¢®

¯°£ ¯°£ ¯°£ ¯°£ ¯°£ ¯°£

±©²¨«©§ ³¯©´« µ¨¶¬· ©¬«

¸¹º»¼º½½º¼»¸ ¾¿ÀÁÂÃÄÅÁÃ¿À ÆÂ¿ÇÈÃÀÃÉÁÂÊ ¸¹ºË»ºÌÍº½¹¸ Í½º»»ºÍÎºÍÏ½ Ð ÈÃÀÃÉÁÂÊ ÑÂÒÀÁ Í½ºËÎº¹ÌºËÌ½

¸¼ºËÎº»»» ÓÀÁÔÂÔÉÁ ÕÒÂÀÃÀÖÉ ÍËºÌ¹º¹½Ï Í½º¸¼º»¸º¹¹¼ ¸»ºÏ¹ºÍËÏ Ð ×ÁØÔÂÉ ÏÏº¸Ïº¸¸Í Í¸ºÍ½º¸½º¹ËÍ

Íº¸Ïº»ÌºÌ»Í ÙÀÉÚÔÀÁ ÑÂÒÀÁ ¼ºÍÍºÍ¸º»¼¼ ±Û¯¯¬´« ©¬«

¾Ü¿ÉÃÀÖ ÝÁ¿Þß

¯¬¬¯à¬ á Û¯²§Û Ð    Ð âÒÄ ãÚÚÒÂÒÁÅÉ ä ¾¿ÀÉÅÇÒÄÜÔÉ 8,03,557
51,412 DÔÚÂÔÞÃÒÁÃ¿À åÔÉÔÂæÔ 1,62,070 8,16,541 AçæÒÀÞÔÉ ä èÔÚ¿ÉÃÁÉ 12,24,825

2,19,91,566 BÒÀß éÒÜÒÀÞÔ 4,45,61,178

±Û¯¯¬´« §¨©ª¨§¨«¨¬ê ¯¬¬¯à¬ «¯©´µ¬¯ ë ¨«¯©

1,55,47,361 BÂÒÀÞØ ä èÃæÃÉÃ¿À Ð ÝÓìåã 1,92,08,607 AÉÉÔÁ ÝÁÒÄÃÜÃíÒÁÃ¿À åÔÉÔÂæÔ 46,97,088
1,41,294 âÃÒÄÃÜÃÁÊ Æ¿Â ÕîÚÔÀÉÔÉ 1,19,216 ÝÁÒÆÆ éÔÀÔÆÃÁ ïÅÀç åÔÉÔÂæÔ 1,49,005

88,497 âÃÒÄÃÜÃÁÊ Æ¿Â ïÃÀÒÀÞÔ 3,79,429 IÀÆÂÒÉÁÂÅÞÁÅÂÔ ä ÈÒÃÀð åÔÉÔÂæÔ 9,56,063
C¿ÂÚÅÉ ïÅÀç Æ¿Â åÔÉÔÒÂÞØ ä

DÔæÔÜ¿ÚÇÔÀÁ 8,03,557
66,05,713

âÔÉÉñ AÚÚÂ¿ÚÂÃÒÁÃ¿À Æ¿Â ¾ÒÚÃÁÒÜ

EîÚÔÀçÃÁÅÂÔ 63,28,153 2,77,560

6,62,289 ÝÚ¿ÀÉ¿ÂÔç òÂ¿óÔÞÁÉ Ð ÑÂÒÀÁ åÔÞÔÃæÒÄÜÔ 6,84,618

¨´±ôõ¬ á ¬¶²¬´·¨«Û¯¬ ©±±ôÛ´«

31,62,665 ×ÚÔÀÃÀÖ éÒÜÒÀÞÔ 35,37,411

3,74,746
EîÞÔÉÉ ¿Æ ÕîÚÔÀçÃÁÅÂÔ ¿æÔÂ ÓÀÞ¿ÇÔ

Æ¿Â ÁØÔ ÊÔÒÂ 4,42,728 39,80,139

¥¡ö÷¤öø¡ö¡¥¤ «ùúûü ¥®ö¡¦ö÷¥öý®¤ ¥¡ö÷¤öø¡ö¡¥¤ «ùúûü ¥®ö¡¦ö÷¥öý®¤

C¿ÃÇÄÒÁ¿ÂÔ þÿ� ����������	
��� ��ÿ � ÿ�� (Ýç�Ð) D.�ÂÃÉØÀÒÇÅÂÁØÊ (CØÒÃÂÇÒÀ)
DÒÁÔ ñ ½Ë�½Ë�Í½¸Î ����	�	� ���ÿ�
��
�� (Ýç�Ð) DÂð�ð�ðÝÂÃÀÃæÒÉÒÀ (�ÃÞÔ ¾ØÒÃÂÇÒÀ)

���� (Ýç�Ð) DÂðòÂÒßÒÉØ �ÒÉÅçÔæÒÀ (DÃÂÔÞÁ¿Â)
����������� (Ýç�Ð) A.AÂÅÜÉÒÇÊ

����
	�

��	 �ÿ���  
�!� �	"�!#	 �	�	���� ���ÿ�!��!ÿ
� ÿ!$%��ÿ�	 � &'( )('

	
��	 ÿ* +"�	##	
�	 �	�!��# �	"�!#	�

��#�
�	 ��		� �� �� ,(�� ����� -)(&

                                                             "�ÃçÔ ¿ÅÂ ÂÔÚ¿ÂÁ ¿Æ ÔæÔÀ çÒÁÔ.
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/012/13204 567589:;<=5 /012/1320> /012/13204 :8?@A5 /012/1320>

=B1 =B1 =B1 =B1 =B1

       CDEFGEHIJ KLMNOPQLRSTUM KVWTULTL   XYEZYEJYX       XIEDHEXHI [TLMQU\ ] ^U_TLMQ\NMQ`U aTTL      62,88,701
4,34,839 bTLL c dPP`eNMTf M` gW`UL`hTf ih`jTeML 5,23,508          5,95,379 Hkl KfmeNMQ`U kTeTQWML        6,45,268

44,92,842   45,06,597      45,06,597 1,76,657 gW`UL`hTf ih`jTeML n o_ThRTNf kTe`_ThQTL        6,40,996
50,783 [hNQUQU\ p`mhLT KVWTULTL            82,631 35,745 IUMThTLM qh`S rNUs 16,391

1,69,069 [hN_TPPQU\ KVWTULTL        5,18,440
4,44,093 gM`hTL p`ULmSTf      11,47,544

71,443 BmQPfQU\ kTWNQhL ] tNQUMTUNUeT        5,61,912
1,24,001 tNQUMTUNUeT `q tNeRQUThu        1,94,715

21,430 ihQUMQU\ ] gMNMQ`UThu            60,902
4,01,370 gTSQUNh KVWTULTL              6,465

90,318 oqqQeT KVWTULTL            75,238
4,75,944 EPTeMhQeQu pRNh\TL        8,20,853

86,844 tNeRQUThu ] oMRTh ^ULmhNUeT        3,94,151
46,312 i`LMN\T ] [TPTWR`UT eRNh\TL            28,664

- Af_ThMQLTSTUM pRNh\TL        1,08,990
10,300 IUMThUNP dmfQM aTTL            11,100

- gW`UL`hTf ih`jTeML n ^d p`UMhQOmMQ`U        2,80,299
51,412 DTWhTeQNMQ`U        1,10,658

5,42,935
APP`eNMQ`U `q KVWTULTL QUemhhTf Ou g^[kd q`h

C`K        1,89,978 /vwxvwxw

w2vwyv2y> ;z{|} y2vyyv0/w w2vwyv2y> ;z{|} y2vyyv0/w

3,74,747
EVeTLL `q KVWTUfQMmhT `_Th ^Ue`ST q`h MRT

uTNh O~f 15,07,781 - [hNULqTh M` ^UqhNLMhmeMmhT tNQU�kTLTh_T ng^[kd 9,56,063
- [hNULqTh M` �TUThNP kTLTh_T n g^[kd        1,08,990

-
EVeTLL `q KVWTUfQMmhT `_Th ^Ue`ST q`h MRT uTNh

MhNULqThhTf 4,42,728
/vwxvwxw 04v2wvw�0 � 04v2wvw�0

-
C`QSONM`hT ��� ��������������� ��� � ���� (gf~n) D.�hQLRUNSmhMRu (CRNQhSNU)
DNMT c YI~YI~FYJH ��������� ����������� (gf~n) Dh�����ghQUQ_NLNU (�QeT pRNQhSNU)

���� (gf~n) Dh�ihNsNLR �NLmfT_NU (DQhTeM`h)
��� ���¡��¢ (gf~n) A.AhmPLNSu

�������

£�� ����� ¤��¥� £�¦�¥§� �������� �����¥��¥��� ��¥¨©����� � ª«¬ ¬«

������ �® ¯¦��§§���� ���¥��§ £�¦�¥§��

¤���¨� � ¯¦°���¥���� ������� ®�� ��� ���¥�� ���¥�� ±¬�� ����� ²¬ª

:8?@A5 ³ 567589:;<=5 ´77=@7=:´;:@8 ´??@<8;

                                                             "�QfT `mh hTW`hM `q T_TU fNMTµ

EVeTLL `q EVWTUfQMmhT `_Th ^Ue`ST q`h MRT

 uTNh e~` ¶·¸¹º¸º»¶
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¼½¾¿¼¾À¿½Á ¼½¾¿¼¾À¿½Â ¼½¾¿¼¾À¿½Á ÃÄÄÅÆÄ ¼½¾¿¼¾À¿½Â

ÇÈÉ ÊË¾ ÊË¾ ÊË¾ ÊË¾

ÌÍÎÎÍÏÐÍÑÑÑ ÌÍÎÎÍÏÐÍÑÑÒ ÌÍÓÒÍÌÒÍÎÓÏ ÔÕÖÅ× ÃÄÄÅÆÄ ÌÍÌÒÍÏØÍØÏÒ

ÏÍÐÌÍÑÑÑ ÙÄÚÛÚÃ× ÚÅÜÆÊÅ ÔÝÜ× ÕÕ ÕÜÞÅÄÆßÅÜÆ à

ÙáâÅÊãááß Û ÚÃ× ÄÅÊÞÕÚÅ ÚÅÜÆÊÅÄ ÔÝÜ× ÕÕ

äåæÈçèé êëåëèìí îÌØÍÐÌÍØïÎð Ã×ÞÃÜÚÅÄ ÃÜ× ×ÅÙáÄÕÆÄ

îÏÍÒÓÍÎÐÒð ñíÈÈòóëôô õíö÷çèëå êíèíôçóÈ øùùæöóçæèíú ôæö óûí üíëö ÒÑÍÑÒÍØÐÎ îØØÍÐïÍÌÎïð ýÑÍïÑÍÌØÒ òþèúöü ÿíùæÈçóÈ î�òä � äøÿäÈð ýÒÍÓÎÍýïÒ

ýÍýÒÍýÒÐ  øú�ëèìíÈ ôæö ��ùíèÈíÈ � �òÿò ýÌÍÐïÍÌØÓ

á��	
	� ��	�� ÒÌÍÎÓÍýÓÑ

ÒÌÍÎÓÍýÓÑ øúú� �öæ�çÈçæè ôæö òóëôô êíèíôçó ��ùíèÈíÈ ôæö óûí üíëö ÒÑÍÑÒÍØÐÎ ÎÌÍÎÌÍïÏÎ

ÚÝÊÊÅÜÆ ÃÄÄÅÆÄ

�ùíèçèé êëåëèìí ýÒÍÐÎÍÏÓý ÎÓÍÑÑÑ äëÈû æè �ëèú ÎÌÍÓØÌ

ýÒÍÐÎÍÏÓý øúúäþööíèó üíëö �óçåçÈëóçæè ÒÍÑÐÍÎÐý ýÎÍØýÍÓÏÒ ÎÑÍØïÍÏØÒ äëÈû ëó êëè� 8,89,208
43,926 �öæ�çÈçæèÈ à �èìæ÷í 1,71,375

ÚÝÊÊÅÜÆ ãÕÃ�ÕãÕÆÕÅÄ 20,41,785 Göëèó Çíìíç�ë�åí 1,78,780
3,62,268 ñçë�çåçóü ôæö �çèëèìí 2,59,000 1,67,231 òþèúöü ÿí�óæöÈ 2,44,858

24,18,000 �èÈùíèó ë÷æþèó ôöæ÷ òò� -
16,24,184 BöëèìûíÈ � ÿç�çÈçæèÈ 66,26,403

6,17,85,051 5,96,30,143 6,17,85,051 5,96,30,143

�åëìí � äæç÷�ëóæöí (����) D.���� !"#$�% & (C "��#"!)
Dëóí � Ñï�Ñï�ÒÑýÐ (����) D�'�'('���!�)"�"! ((�*+ , "��#"!)

(����) D�'-�"."� ("�$�+)"! (D��+*%/�)
(����) A.A�$0�"#&

STAFF BENEFIT FUND APPROPRIATION FOR TERMINAL

THE SOUTH INDIA TEXTILE RESEARCH ASSOCIATION, COIMBATORE - 641 014
Ministry of Textiles Sponsored Powerloom Service Centres

BALANCE SHEET AS ON 31st MARCH 2016

LIABILITIES

CONTRIBUTION FROM GOVERNMENT AND GOVERNMENT
DEPARTMENTS

Partner

PSC FUND II APPROPRIATION FOR CAPITAL EXPENDITURE

Total Total

For P.N.Raghavendra Rao & Co.,
Chartered Accountants

(Sd/-)  M.Bhaskar

"1çúí æþö öíùæöó æô í�íè úëóí2
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345 345 345 345 345

67897:67;<= >? @ABACDE4 67FF7GH79G8 676F7;;7;;; IJ 3EKELME NCALO PC?Q RDLD4OCJ 676F7;;7;;;

::7==7;FG >? GELECAB ?PPDSE ETUEL4E4 6F7;;7=6; 67;F7<:788: IJ VLS?QE PC?Q @ECKDSE4 G=7:;7H96

WE44 X V@Y@ >CAL4PEC ZV[ \?LOCD]MOD?L^ G7<978=; 67,27,181

25,79,299 >? 3ELO7 3AOE _ >ATE4 31,86,354 3,64,650 BJ ILOECE4O ?L IAL` ALa ?ObEC aEU?4DO4 1,81,489

9,78,538 >? AR\cRADLOELALSE ?P deMDUEQELO 10,57,847

fgffghhgijk lmnop fgjfgqrgqst fgffghhgijk lmnop fgjfgqrgqst

9,491
>? ETSE44 ?P dTUELaDOMCE ?KEC VLS?QE

P?C ObE JEAC ]ca
19,67,071 22,35,742 BJ AUUC?UCDAOEa PC?Q uMLa v wC?KD4D?L P?C

>ECQDLAB IELEPDO4
20,02,764

22,26,251
>? @MCUBM4 >CAL4PECCEa O? w@\ v \[Y

FMLa VV 35,693
22,35,742 20,02,764 22,35,742 20,02,764

Cxyz{|}x~� �m� �����o��o�����o �om � �m�g (����) D.�~y���|z�~}�� (C�|y~z|�)
D|}� � ���������� ��o�n���� ���m �no�n¡ (����) D~¢�¢£¢�~y�y¤|�|� (£y¥� ¦�|y~z|�)

§¨�©ª« ¬��o¡®o� (����) D~¢¯~|°|�� £|����¤|� (Dy~�¥}x~)
±²³´µ¶³ (����) A.A~�·�|z�

¸¹º »¼½¸¹ ¾¿À¾Á ¸ºÂ¸¾Ãº Äº»ºÁÄÅ¹ Á»»¼Å¾Á¸¾¼¿Æ Å¼¾ÇÈÁ¸¼Äº É ÊËÌ ÍÌË

ÇÎÏÎÐÑÒÓ ÔÕ ¸Ö×ÑÎØÖÐ »ÙÔÏÐÔÒÖÚ ÛÔÜÖÒØÔÔÝ »ÖÒÞÎßÖ ÅÖÏÑÒÖÐ

à��á¬â ��ã âä�â�ãàlå�â ���áå�l �á� læâ �â�àáã jt©js©fjtr lá kt©jk©fjth

                                                             "£y�� x�~ ~�çx~} xè �¤�� �|}�é

kt�jk�fjtr âä�â�ãàlå�â kt�jk�fjth kt�jk�fjtr kt�jk�fjthà��á¬â

1,32,824 >? @UACE4, 4O?CE & C?L4MQ]BE4 1,52,654 9,491 BJ   Eê¥��� xè ëêç���y}�~� x¤�~ I�¥xz� 19,67,071
 for the year c/o
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