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Textile Research Journal Article 

Fourier Transform Infrared Analysis of Cotton Contamination 

Abstract The universal attenuated total reflect
ance Fourier transform infrared (UATR-FrIR) 
equipped with a ZnSe-Diamond composite crys
tal was used to analyze contaminated cotton fib
ers_ Cotton samples were selected based on their 
high speed stickiness detector readings and sugar 
content as determined by high performance Uquid 
chromatography. 1l-ehalulose (dominant sugar in 
whitefly honeydew) was identified at 3280, 1622, 
and 1018 em-I Integrated intensities 1321l0, 11622, 

and 11018 showed high correlations with the treha
lulose content on the contaminated Un!. Principal 
component analysis of the FrIR spectra showed 
that it is possible to discriminate between contam
inated and non-contaminated cotton and indi
cated that FTIR spectra of cotton lint fall into 
different clusters corresponding to different levels 
of contamination. The results obtained showed 
that the ZnSe-Diamond composite crystal FrIR 
accessory could be used as a fast and precise non
destructive method to discriminate between con
taminated and non-contaminated cotton. 

Key words FTIP, trehalulose, cotton, contami
nation, PCA 

Cotton stickiness is a very serious problem in key cotton! 
textile sectors - cotton growers, cotton ginners, and spinners 
[1 , 2]. During the transformation process from fiber to yarn, 
i.c. during opening, carding, drawing, roving, and spinning, 
sticky cotton fibers will contaminate the machinery to dif· 
ferent degrees depending on the process involved and the 
locations within the machines. This affects both the effi
ciency of manufacturing and the quality of the products 
obtained. It can even shut down production and cause 
important financial losses. The poor quality of yarns made 
from slightly to moderately sticky cottons is mainly attrib
uted to the unevenness in the flow of fibers being drawn. 
The low productivity results from excessive ends-down and 
from the increased cleaning necessary to remove the resi
dues accumulated on the textile equipment. In general , 
heavily honeydew-contaminated cottons cannot be spun. 
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Cotton stickiness is mainly caused by excess sugars on 
the lint, either from the plant itself (physiological sugars) or 
from insects (entomological sugars), with the latter being by 
far the most common source of contamination. High sucrose 
(CI2H2201l) concentration in the water extract of cotton 
fibers is a major indication of contamination with physio
logical sugars [3). However, the presence of the disaccha
ride trchalulose, isomer of sucrose (C12H220 'I) and the 
disaccharide melezitose (C18H3,o16), with trchalulose 
being dominant , is an indication of contamination with 
whitefly honeydew. The presence of melezitose along with a 
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very small amount of trehalulose is an indication of contam
ination with aphid honeydew [3]. 

A number of mechanical instruments have been devel
oped to evaluate the stickiness potential of cotton fibers 
before processing [4-7). When testing for stickiness, the 
problem of sampling is of the utmost importance. Insect 
populations are not uniformly distributed within the field, 
therefore, neither 3rc their excreta. Among all the technol
ogies cited in the bibliography, the high speed stickiness 
detector (H2SD) has shown the potential of being a fast and 
reliable technique for stickiness measurement [8). The prin
ciple of this instrument is based on the thermo-detection 
method. It provides the number of sticky spots only as an 
indkation of the level of contamination and it is not possi
ble to distinguish between the sources of contamination 
(i.e. physiological, whitefly honeydew, or aphid honeydew). 
However, the maintenance of the instrument is a critical 
factor for obtaining mean.ingful data and the calibration 
procedures as well as reference cottons need to be estab
lished. High performance liquid chromatography (HPLC) 
is very often used along with the H2SD in order to provide 
the origin of the contamination (entomological or physio
logical). Furthermore, in previous research we demonstrated 
that neither the thermo-detection method nor HPLC alone 
can provide reliable information about processing problems 
at the mill. It seems that both the number of sticky deposits 
(H2SD measurement) and the individual sugar information 
(obtained by HPLC) are necessary to predict stickiness in 
the mill [8-10J. 

Although several physical and chemical methods exist 
for the determination of stickiness levels in cotton, none 
have proved suitable for integration into a rapid classifica
tion protocol such as high volume instrument (HVI). The 
need to find a rapid. non-destructive and reliable test for 
the screening of potentially sticky cotton has led to the 
investigation of Dear infra-red (N I R) spectroscopy as a pos
sibility [11-13). Although some limited success has been 
achieved in developing calibrations of the NIR method 
with such measurements as the ferricyanide test for total 
reducing sugars, the NIR method does not currently pro
vide a level of reliability to justify its use as a screening 
method for sticky cotton [8). The reason for this lack of 
success may lie partially in the fact that older scanning 
instruments do not achieve the resolution necessary to ade
quately discriminate glucose polymers (i.e. cellulose) from 
individual sugar moieties present on the surface of cotton. 
Newer Fourier transform infra-red (FTIR) instruments 
provide an order of magnitude increase in resolution, 
which may be sufficient to provide the necessary discrimi
nation. 

In this study we investigated the use of the ZnSe-Dia
mond composite crystal universal attenuated total reflect
ance Fourier transform infrared (UATR-FTIR) to analyze 
cotton contaminations and to discriminate between sticky 
and non-sticky cotton. 

Materials and Methods 

Materials 
Seventeen commercial cotton bales contaminated with 
insect honeydew to different degrees were selected. One 
commercial non-sticky cotton bale was selected as a con
trol. The bales were broken and layered. Ten samples 
(100 g each) were taken from each bale. All samples were 
conditioned for at least 96 h in standard laboratory con
ditions at 6S ± 2% relative humidity and 21 ± 1°C before 
testing. Each sample was tested on the high speed sticki
ness detector (ClRAD, Montpellier, France). The sugars 
present on the contaminated lint were identified and quan
tified using HPLC (Dionex Corporation, Sunnyvale, CAl. 
Three replications per sample were performed for both the 
H2SD and the HPLC tests, yielding a total of 30 readings 
per bale. 

High Speed Stickiness Detector 
The principle of the H2SD is based on the thermo-detec
tion method [14, IS). A sample of cotton (weighing 
between 3.0 and 3.S g) was opened by means of a rotor
type opener. Then this mass of fiber was shaped into a rec
tangular, even pad of fibers. This pad was deposited by the 
system on aluminum foil , and then passed successively in 
front of four stations. The first station, which is a hot plate, 
applies hot pressure at 53°C for a period of 30 s. This proc
ess fixes the honeydew droplets contaminating the fibers 
on the aluminum foil. The second station applies a cold 
pressure, in order to fIX the sticky spots in place. At the 
third station, the loose cotton fibers are removed from the 
aluminum foil using a vacuum and a cleaning roll. At the 
fourth station, an image analyzer system counts and sizes 
the sticky spots deposited on the aluminum foil. The H2SD 
only provides the number and size of the sticky spots but 
no indications on the type of contaminant is given. 

High Performance Liquid Chromatography 
To complement the H2SD results, HPLC is generally used 
to identify the source of the contamination (sugars from 
entomological or physiological origin) and quantify the sug
ars involved in the stickiness phenomenon. The sugars are 
identified by their time of elution based on a set of known 
standard sugars used to calibrate the instrument. Each fiber 
sample (10 g) was placed into a plastic bag, and 20 mL of 
18.2-megohm water was added. A sample of the aqueous 
solution was taken from the bag using a 10 cm' syringe (Bec
ton Dickinson and Company, Franklin Lakes, NJ), to which 
a 0.2 ~m filter (nylon membrane polypropylene housing) 
(National Scientific, Scottsdale, AZ) was attached. A I.S mL 
filtered sample was deposited into a I.S mL autosampler 
vial (C40J3-1SA, National Scientific). The sugars were sep-
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arated on the columns (CarboPac PAl anion-exchange ana
lytical columns, Dionex Corporation) in series with a 
gradient eLuent system. E luent I was 200 mmoL/L NaOH 
and ELuent 2 was 500 mmoL/L sodium acetate (CJHJNaO" 
3H,O) and 200 mmoL/L NaOH. The results were expressed 
as a percentage of the fiber weight. 

UATR-FTIR Micro-spectroscopy 
A FTI R Spectrum-One equipped with a universaL attenu
ated total reflectance (UATR) accessory was used in this 
research (Perkin ELmer LAS Inc., Shelton, cr, USA). The 
UATR accessory was used to simpLify the analysis of soLids, 
powders, geLs, and liquids. This rapid and flexibLe FTIR 
sampLing technique consists of pLacing a sample on top of 
the ZnSe-Diamond composite crystal with a high refrac
tive index (- 2 rnm in diameter). The infrared radiation 
from the instrument is passed into the accessory and up 
into the crystal. It is then reflected internally in the crystal, 
and then back toward the detector, which is located in the 
spectrometer. When the beam is reflected within the crys
tal , it penetrates into the sample. The mid-infrared detec
tor is a deuteurated tri-gLycine suLphate (DTGS). Cotton 
fibers were placed on top of the ZnSe-Diamond crystal. 
Pressure was applied on the sample to ensure a good con
tact between the sampLe and the incident IR beam and to 
prevent loss of the IR beam. The ZnSe- Diamond crystal 
being small. and in order to represent the inherent varia
bility of the honeydew droplets distribution on the Lint, 
thirty FTI R spectra were collected from each sampLe at a 
spectrum resolution of 4 em-I, with 32 co-added scans, 
over the range of 650-4000 cm-'. A background scan of 

clean ZnSe-Diamond crystal was acquired before acquir
ing the spectra of the sample. The Perkin-Elmer software 
was used to perform the peak integration. 

Data Analysis 
The FTIR spectra were saved in ASCII format (.dat) and 
exported into ExceL (Microsoft, Redmond, WA) for further 
analysis. They were normalized and a principal component 
analysis (PCA) was performcd using Statistica software 
package (StatSoft Inc., Tulsa, OK). Fi tting the curves was 
performed also using Statistica software package. 

Results and Discussion 

Tables I and 2 summarize the sugar contents measured by 
HPLC with results expressed as a percentage of the fiber 
weight and as a percentage of the total identified sugars. 
For these samples, HPLC tests showed that trehalu lose 
content (the dominant sugar in whitefly honeydew) ranged 
between 7.2 and 43.2% of the total identified sugars, while 
meLezitose (the dominant sugar in aphid honeydew) con
tent ranged between 5.2 and 27.1 % of totaL identified sug
ars. H2SD readings of the selected samples are indicated 
in Table 2 and ranged between 8.0 and 85.1 sticky spots. 

Figure I shows the FTI R spectra of non-contaminated 
cotton fibers and hydrated trehaluLose. As shown in this 
figure, the peaks located at 3280, 1622, and 1018 cm-' arc 
very intense in the spectrum of hydrated trehalulose. These 
peaks are attributed, respectively to, O-H stretching vi bra-

TabLe 1 Sugar conlenLs measured by HPLC on 17 contaminated calion samples (resulls are expressed as a percenLage of 
the fiber weighll. Average of Ihree replicalions. 

10 T G F W 5 M Ma Total 

2391 0.055 0.001 0.044 0.036 0.013 0.004 0.021 0.008 0.182 
2321 O.06t 0.004 0.049 0.034 0.020 0.003 0.026 0.009 0.207 
1231 0.040 0.006 0.033 0.052 0.042 0.002 0.070 0.013 0.258 
1451 0.021 0.003 0.033 0.040 0.044 0.003 0.051 0.008 0.203 
2121 0.070 0.013 0.097 0.197 0.171 0.036 0.144 0.025 0.753 
2231 0.070 0.005 0.104 0.212 0.196 0.034 0.182 0.032 0.836 
2221 0.064 0.006 0.100 0.225 0.202 0.051 0.165 0.036 0.849 
1471 0.028 0.012 0.037 0.058 0.075 0.004 0.068 0.015 0.298 
I lSI 0.069 0.043 0.128 0.175 0.234 0002 0169 0.068 0.889 
1401 0.034 0.004 0.053 0.080 0.109 0003 0073 0.014 0.370 
1101 0.047 0.019 0.070 0.097 0.181 0.001 0121 0.048 0.584 
1 141 0.046 0.014 0.060 0.080 O. 157 0003 0111 0.034 0.506 
1 I 11 0.066 0.025 0.084 0.120 0.200 0.001 0.096 0.045 0.635 
1021 0.043 0.009 0.054 0.068 0.102 0.000 0.016 0.014 0.307 
1181 0.037 0.027 0.060 0.099 0.208 0003 0105 0.044 0.584 
1121 0.054 0.027 0.092 0.127 0.256 0001 0068 0.043 0.669 
3139 0.009 0.002 0.034 0.096 0.259 0037 0.138 0.025 0. 599 

I, Inositol; T. trehalose; G, glucose; F, fructose; W, trehalulose; 5, sucrose; M, melezitose, Ma, maltose. 
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F W 5 M Ma H2SD 

2391 30.1 0.4 24.4 19.8 7.2 2.3 11.5 4.3 8 .0 
2321 29.7 1.9 23.9 16.6 9.9 1.2 12.6 4.3 8.2 
1231 15.6 2.3 12.7 20.0 16.3 0.8 27.1 5.2 14.6 
1451 10.4 1.5 16.3 19.9 21.6 1.4 25.1 3.8 14.2 
2121 9.3 1.7 12.8 26.2 22.8 4.7 19.1 3.3 56.3 
2231 8.4 0.6 12.4 25.3 23.5 4.1 21.8 21 .8 54.1 
2221 7.6 0.7 11.7 26.5 23.8 6.0 19.5 19.5 56.3 
1471 9.3 4.1 12.4 19.6 25.1 1.3 23.0 5.2 13.2 
1151 7.8 4.9 14.4 19.7 26.3 0.2 19.1 7.6 41.7 
1401 9.3 1.2 14.4 21.7 29.4 0.7 19.6 3 .8 13.9 
1101 8.0 3.3 12.0 16.6 30.9 0.3 20.7 8.2 85.1 
1141 9.2 2.8 11.8 15.9 31.1 0.7 21.9 9 .7 74.6 
1111 10.3 4.0 13.1 18.9 31.4 0.1 15.1 7.0 71.4 
1021 14.2 3.0 17.7 22.3 33.3 0.0 5.2 4.4 42.8 
1181 6.4 4.7 10.2 16.9 35.7 0.7 18.0 7.9 75.7 
1121 8.1 4.0 13.8 19.0 38.3 0.1 10.2 6.4 80.2 
3139 1.5 0.3 5.7 16.0 43.2 6.2 23.0 4.2 60 

I, inositol; T, trehalose; G, glucose; F, fructose; W, trehalulose; S, sucrose; M, melezitose; Ma, maltose. 
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tion of absorbed water molecules, O-H bending vibration 
in H20 , and C-O stretching vibration in the primary alco
hol (-H2C-OH). In addition, the peaks located at 919,867, 
823, and 779 cm-I are present in the spectra of hydrated 
trehalulose but not in the spectra of cotton fibers. 

In a previous paper, we studied the hygroscopic proper
ties of trehalulose by observing the changes in the FTIR 
peak intensities of the vibration bands located at 3280 and 
1018 cm-I [16]. It was found that the integrated intensities 
of these peaks increased with increasing hydration time of 

trehalulose. Due to the high hygroscopicity of trehalulose, 
these two peaks could be used in combination with the 
peak located at 1622 cm-I to discriminate between whitefly 
honeydew-contaminated cotton and non-contaminated 
cotton. 

The integrated intensities of these peaks were calculated 
(respectively 13280, 11622, and 11018), In order to obtain the 
integrated intensities, the peak located at 3280 cm- I was 
integrated from 3000 to 3700 cm-I, the peak located at 
1622 em-I was integrated from 1725 to 1530 em-I, and the 
peak located at 1018 cm-1 was integrated from 1095 to 
941 cm-I. These integrated intensities were correlated with 
the percentage of sugars identified on the contaminated 
cotton fibers. Only trehalulose content showed a very signif
icant correlation. 

Graphs showing the integrated intensities versus the 
percentage of trehalulose in the total identified sugars are 
presented in Figures 2a to c. These charts show an increase 
of the peak intensities with increasing amounts of trehalu
lose. On average, for cotton contaminated with whitefly 
honeydew (%trehalulose comprises between 25 and 45% 
of the total identified sugars), the integrated intensity of 
the peak at 3280 cm-1 is seven times higher than for non
contaminated cotton. The following relationships were 
established between the integrated intensities and the treh
alulose content. 

Peak 3280 cm-I
: 13280 = 7.172 + 2.764 * (%trehalu

lose) - 0.029 * (%trehalulose)2, adjusted R2 = 0.93, 
F(2,15) = 113.99,p < 0.001, standard error of estimate = 
4.7169. 
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Figur. 2 InLegrated peak inlensily versus % Irehalulose 
(expressed as percenlage 01 identified total sugars). (a) 
1,"0 = 7.172 + 2.764 ' (~lrehalulose) - 0.029 • IXtrehaLu
loset'.adjusted R' = 0.93 . FI2.15) = 113.99. P < 0.001. stand
ard error of eslimate = 4.7169, (b) 1,62, = 0.408 + 0.410' 
(:. trehalulose) - 0.005 ' mrehatulose)'. adjusted R' = 0.92. 
FI2.15) = 93.48. P < 0.001, standard error of eslimate = 
0.6510 , 11018 = 7,106 + 0.512 • (' .trehaLuLose!. adjusted R' = 
0.82. Fll.l6) = 79.30. P < 0.001, standard error of estimate = 
2.6308. 

Peak 1622 cm- L 11622 = OA08 + OA10 • (%treha)u
lose) - O.OOS • (%trehaLulose)', adjusted R' = 0.92, 
F(2,lS) = 93.48,p < O.OOl ,standarderrorofestimate = 
0.6SIO. 
Peak 1018 cm- L / 1018 = 7.106 + 0.SI2 · (%trehaLu
Lose), adjusted R' = 0.82, F(I,16) = 79.30, P < 0.001 , 
standard error of estimate;;: 2.6308 . 

These results indicate that quantification of treha lu
lose is possible by means of FflR at selected wavenum
bers. Nevertheless, the ITI R spectra could contain other 
pertinent information that could allow discrimination 
between contaminated and non·contaminated cotton. 
Indeed, the composition of insect honeydew is quite com· 
plex. On average, 77% of all sugars present in honeydew 
are identified with HPLC [8]. The Largest polysaccharides 
present in honeydew are not identified by HPLC, although 
they are known to contribute to the stickiness ph en orne· 
non [8, 17]. Therefore, we carried out an exploratory PCA 
(Principal Component Analysis) , in order to identify dis
tinct groups of ITIR spectra [18, L9] . The PCA technique 
is a good method to use for data exploration. It rearranges 
information in such a way that patterns may be revealed • 
which, although present, were obscured in the original 
data. Six representative samples were selected: 

SampLe 3103: non-contaminated cotton (control) 
Sample 1101: contaminated with whilefly honeydew 
(8S.1 H2SD spots) 
SampLe 3139: contaminated with whitefly honeydew 
(60 H2SD spots) 
Sample 2124: contaminated with whitefly and aphid 
honeydew (29.6 H2SD spots) 
Sample 2221: contaminated wi th whitefly and aphid 
honeydew (S6.2 H2SD spots) 
Sample 2391: slightly contaminated with aphid hon
eydew (8 H2SD spots) 

Binary comparisons were made between contaminated 
cotton and non-contaminated colton. The plots of the PC] 
versus PC2 scores are depicted in Figures 3a to e. The first 
principal component axis (PC I) makes it possible to dis
criminate between the FTIR spectra of contaminated cotton 
and non-contaminated cotton, the latter having negative 
scores. The ITIR spectra in Figures 3a to d fall into two 
very distinct clusters corresponding to contaminated and 
non-contaminated cotton. In Figure 3e, however, there is 
some overlap between the FTIR spectra of contaminated 
cotton and non·contaminated cotton. This is because cot
ton 2391, is only slightly contaminated with aphid honey
dew; i.e. the number of H2SD spots were few. Thus, the 
probability of finding a sticky point with the UATR-ITLR is 
low. This translates into an overlap of FT] R spectra fro m 
the non·contaminated parts of the sample. 
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The PCA analysis was also performed on the average 
spectra of the thirty replications from each sample (Fig
ure 4). Again, pel makes it possible to separate contam
inated cotton and non-contaminated cotton or slightly 
contaminated cotton. Both non-contaminated cotton and 
slightly contam inated cotton have negative scores. Four 
distinct clusters of FTJR spectra could be clearly identi
fied: (I) group of non-contaminated cotton; (2) group of 
slightly contaminated cotton having less than eight H2SD 
sticky spots and a trehalulose content of less than 0.1 % 
(expressed as a percentage of the fiber weight); (3) group 
of slightly contaminated cotton having 14 H2SD sticky 
spots and a trehalulose content of less than 0.21%; (4) 
group of contaminated cotton having more than 15 H2SD 
sticky spots and a trehalulose content higher than 0.5%. 

Conclusions 

Our results demonstrate the usefulness of the UATR-FfIR 
for the analysis of cotton fiber contamination. Trchalulose 
(the dominant sugar in the whitefly honeydew contamina
tion) was quantified at wavenumbers 3280 cm- I (O-H 
stretching vibration of adsorbed HP), 1622 em-I (O-H 
bending vibration of H20), and 1018 cm- I (C-O stretching 
vibration in the primary alcohol). Other wavenumbers 
could also be used to detect the presence of trehalulose, 
919,867,823, and 779 cm- I . Integrated intensities of the 
peaks located at 3280, 1622, and 1018 cm-I showed high 
correlation with the trehalulose content on the lint. This 
could allow a quantification of the trehalulose content 
from the FfIR spectra of the contaminated lint. To further 
analyze the FTI R spectra of different samples, principal 

component analysis was applied to the FTIR spectra. The 
results showed that it is possible to discriminate between 
contaminated and non-contaminated cotton fibers. Fur
ther experiments are ongoing on a large set of samples to 
validate the result obtained in this preliminary study. 
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