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Near infrared (NIR) diffase reflectance spectroscopy is used for the measurement of size of sugar granules. Commercially available
segar samples were procured from the market and were ground using a home grinder to yield samples with varying particle size. The
Jot was subjected to differential sieving to create a set of hundred and ten samples. The mean particle size values of all the samples
were determined using laser particle size analyzer and were used as reference values for calibration. NIR spectra of all the samples
were recorded in diffuse reflectance mode. Partial least squares (PLS) chemometric method was applied for calibration. A separate
set of twelve samples was created in a similar manner for pred_lcﬁon. Mean particle size values of all the samples in prediction set was
also determined using laser techmique and their near Infrared spectra were recorded. The mean particle size values of these samples
were predicted osing the derived calibration curve and were compared with laser reference values. A good correlation was obtained
betwees NIR predicted values and laser reference values. The present work demonstrates that the near infrared diffuse reflectance
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‘Determinacién del tamaiio promedio de las paruculas de azucar Besammung der rmttleren Partikelgripe gemahlenen Zuckers

“uoﬁdo lﬁhuado npcctwscopw del infrarrojo cercano conm,

La awemoscopla del infrarrojo cercano INIR) con reflectancia d:fu.sa es uti-. J

licada para la medicion del tamano de grinulos de azicar. Seobmmmu
m&aﬁ:arcomrwlyummmdommolwuocasemmA
MMMcmm&MS variados. Todas ellas .
fucrom tawmizadas diferencialmente 'y de esta manera se cred un grupo de 110
smmeseras. Se determinaron los valores del tamaiio promedio de las particulas
en sodas las masestras utilizando un analizador ldser de tamaiio de particulas.
Essos valores fueron usados luego como referencia para la calibracidn. Se
regiswrd el espectro del infrarrojo cercano (NIR) para todas las muestras en
la modalidad de reflectancia difusa. Para la calibracidn se aplicé el método
guimiométrico de cuadrados minimos parcial (PLS). Se creé de manera sim-

ilar, wn grupo separado de 12 muestras. para prediccion. Los valores del

tamanio promedio de las particulas em sodas las muesiras del grupo de prrd:c-
cidm, sambién fueron calculodos usando el método ldser y el espectro del
infrarrojo cercano fue regisirado. Se predijo el valor promedio del tamario de

las particulas de dichas muessras usando la curva de derivacion y fueron

comparadas con valores de referencia ldser. Se obtuvo una buena correlacion
com los valores NIR promosticados w los valores de referencia ldser. El pre-
sente trabajo demusestra que la 1écnica espectroscopica del infrarrojo cercano
com reflectancia difusa. puede ser aplicada con éxito para la determinacion
del samano de particula del azicar.

" unter, %nvcuduug von Nahinfrarot-Spektroskopie

Du d;ﬂi(sg Reﬂextonsspekrmskop:e im Nakugfrmw (NIR) Bereich wird zur
Messung der Zuckerkorngrdfie verwendet. Hamdelsiibliche Zuckerproben
mdal auf dem Markt gekauft und mit einer Haushaltsmiihle gemahlen, so
- dass Proben wuerschtedhcher Partikelgriife entstanden. Diese wurden ver-
schedenen wavcd'ahmn unterzogen, so dass ein Satz von 110 Proben en:-

. stand.Die mittleren GroPenwerte aller Proben wurden mittels eines Laser-

Teilchengrifenanalysators bestimmt und als Referenzwerte fiir die
Kalibrierung genommen. Die NIR-Spectra aller Proben wurden im diffusen
Reflexionsmodus vermerkt. Fiir die Kalibrierung wurde die chemometrische
Methode der partiellen kleinsten Quadrate (PLS) gewdihlt. Zu
Prognosezwecken wurde auf dhnliche \Veise ein separater Satz von wolf
Proben erstellt. Die mittleren Partikelgrofenwerte aller Proben im
Prognosesatz wurden ebenfalls mittels Lasertechnologie ermittelt und es wur-
den ihre Nahinfrarotspektra vermerkt. Die minleren Partikelgrafiewerte
dieser Proben wurden mithilfe der abgeleiteten Kalibrationskurve prognos-
tiziert und mit den Laser-Referencwerten verglichen. Es wurde cine gute
Korrelation zwischen den NIR-Prognosewerten und Laser-
Referenzwerten erreicht. Die vorliegende Arbeit demonstriert, dass sich die
diffuse Reflexionsspekiroskopie im Nahinfrarot (NIR) Bereich erfolgreich zur
Bestimmung der Partikelgrife von Zucker einsetzen ldsst.
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Introduction

Thcpamcksm:of sugar is an important factor affecﬁngmcpow-
dered sugar functionality in various sugar-based industries. It is
iwpomnuobnwmepmiclcsiuofpowdcmdsugartoopdmize

dﬂ'm processing operations in m industries. Bahng is oac of_,"-___;r

the examples where particle size of raw materials has a direct impact
on the quality of products. The grittiness of chocolate is also affect-
ed by the size of sugar crystals to a great exteat. Optimum size sugar
pmiclcs have to be used for proper dissolution in beverages and ice-
creams'. In most of the pharmaceutical industries particle size deter-
mination of sugar samplc is needed forits Jud:ctous sclccuon since it
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affects the processes of tablet coating and also making of oral sus-
pensions>. Since quality control of its products is of paramount
interest to the industfy, particle size determination of sugar to be used
is highly cructal and it is convenient to monitor the size before com-
bining with other ingredients. The grading of sugar in sugar refiner-
ies, which is needed for fixing the price is also done on the basis of
its crystal size. In a previous report, Mohamed er al® have studied
size distribution of sugar as a measure of its quality.

Size analysis of powdered samples is conventionally done using
microscopy®. sieving®, variable angle light scattering™® (mainly for-
ward angle laser light scattering or FALLS) techniques. In the case of
sugar crystals particle size is usually measured by sieve analysis.
Although the method of sieving is universally recognized, the main
drawbacks are that it is time consuming and imparts only the two
dimensional information about the particle size’. Finer particles
remain adhered to the sieve mesh leading to imprecision in mesure-
ment'®, The added disadvantage with powdered sugar samples is for-
mation of aggregates due to moisture in air. The technique is, there-
fore, subjective and prone to errors. Elsewhere the sugar particles
have been sized using variable angle light scattering techniques, pri-
marily FALLS*"'. The main problem with light scattering techniques
has been that they are based on volume distribution and so only take

into account the larger particles in the samplel. These methods are '

* sample destructive and become ineffective where large bulks of sam-
ples have to be analyzed.

The landmark papers of Norris and Williams had reported that

NIR spectra primarily'the log I/R values are greatly affected by the

particle size of the samplel*'*. Since then, the sensitivity of NIR
reflectance has been frequently exploited for particle size determina-

" tion by various researchers*'*"”. Franke et al determined particle size
" of lactose using chemometric methods based on NIR spectra'.
B Potentxal of near infrared reflectance spectroscopy for online particle

~ size analysis of powders and ground materials have been recently

reviewed by Pasikatan and coworkers”. Due to speed, simplicity,

acduracy and low operating costs of the NIR technique it has now

been adopted as a viable alternative for particle size determination to
‘the traditional methods like sieving, light scattering by suspensions,
microscopic analysis or gas adsorption on solid surfaces.

This paper demonstrates the use of near infrared spectroscopy in
diffuse reflectance mode for the measurement of crystal size of sugar.
The calibration has been performed using partial least squares multi-
variate regression method on a set of hundred and ten samples whose
reference values have been measured by laser particle size analysis.
Laser method was chosen for obtaining the reference values since it
has better precision than sieve analysis. The main objective was 0
develop a rapid and accurate technique for determination of paniclc
size of sugar that can be further developed into an online technique.

Experimental
Samples preparation

Sugar samples were procured from different sources in the market.

All the samples were mixed and the bulk sample was ground ina

domestic grinder for varying intervals of time to obtain different sam-

ple lots. All crushed sample lots thus obtained were combined and

subjected to differential sieving with sieves of mesh sizes in the range
28 um to 78 um.
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Laser particle size analysis

For obtaining the reference values mean particle size of all the sam-
ples was determined using GALAI CIS -1 laser partcle size anzlyz-
er. The instrument is based on the principle of time of transitson. The
laser beam scans the particles at a constant speed and a photooedl
records time during which the beam is obstructed by the particles.
The speed of beam and time of transition are used to calculate the
size of particles. Each sample (~ 1 mg) was suspended in a practical-
ly insoluble and transparent dispersing medium (absolute alcohol
99.9%) in a quartz cuvette, capacity ~ 3ml. equipped with a magoet-
ic stirrer situated at the bottom of the cuvette. The particie size was
recorded as volume moment mean diameter expressed as volume
means diameter

D=YD*N®D)/ELD*N{D) ¢y

where N(D) is the number of particles with digmeter D.
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Spectroscopy

Spectra of all the samples were collected in NIR region.1100 am t0
2500nm on ELICO SL 153 spectrophotometer in diffuse reflectance
mode. Prior to being scanned all the samples were dried for ~ 3 bours
in an oven at ~ 70°C. The spectra were recorded with 2 bandwidth of
20 nm. The absorption values were measured as Jog I/R where R is
the relative intensity of light reflected from the sample compared
Mmm,mwmmfmamu(mw
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Since no spectral shift takes place due to scaticring there is 0o mod-
ification of the spectra. All the spectra exhibited poo-uniform base-
lines. This has often been attributed 10 non-bomogencity of the sam-
ples which leads to multiple scattering according 10 previous obser-
vations™. Otsuka'? has recently highlighted the effect of particle
size on diffuse reflectance spectra and attributed it to variation 10
pathlength and sample porosity depending on particle size of the
sample. In present case, although the responsc to varying particle nze
of sugar samples is visible at two wavelengih regions near 1680 om
and near 2070 nm but it is not possible 1o comrelate any baod shift or
change in intensity to increasing or decreasing particle size (figure 1).
The change in the backscattered intensity of the spectra is because of
the difference in particle size of the samples. The observation is in
agmcmentmthwlmrepoﬂedmsponscsofchang:mpamd:m
on reflectance spectra, which have been observed to be multiplicative

in nature®". The spectra contain broad bands and shoulders, nhich
are composites of numerous individual bands that cannot be visibly
resolved. The spectra are dominated by absorption band ceatered a1
~1520 nm which has a shoulder a1 ~ 1670 nm. This broad envciop
starting from 1250 nm and extending upto 1940 nm mainly cootains
contributions from first overtone bands of O-H in crystalline sacrone
(~1440 nm). and C-H stretch first overtoncs (1690 — 1755 nm)
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. Figure 1. NIR reflectance spectra for few sugar samples with different mean particle sizes in the region

| (1100nm - 2500 nm)
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althongh O-H st overtone peaks (1460 — 1600 nm) appear. to pre-
dominate. O-H stretch st overtone peaks are known to appear as
salaolpabbavuem 1460 and 1600 nm. Two other bands in the
spectra at ~ 2080 nm and 2360 nm may be attributed to combinations
of O-H sresch with C-H bending vibrations and C-H stretch with C-
H bending vibrations respectively™. '
GRAMS 32 software was used for data processing and develop-
ing calibration model using partial least squares method. All spectra
were mean-centered before analysis. Necessary smoothing was done

by box-car smoothing method. Calibration was performed using the -

complete wavelength range, 1100 nm to 2500 am. This seemed
appropriate since according to earlier reports pasticle size is an inte-
grab part of NIR absorbance at all wavelengths™. A multivariate cal-
ibration method was selected due (o the offered advantage of possi-
bly inclading multiple spectral intensities simuitaneously.

The calibration model was initially developed using the laser
value from all the one hundred and ten samples. The samples used

for calibration were akso used as test sample o assess the validity of

the technique by the cross-validation method, which is done by leav-
mg out one sampie at a time. The optimum numbers of PLS factors
uted in the model was five. In order to improve the precision accu-
racy of calibration model, five outliers were found and discarded and
fmal calibration was obtained on 105 samples. The outliers may be
attributed 0 error in the reference or spectral analysis or due to sam-
ple contamumation. The values of the root mean square difference

/

(RMSD) which is an mdxcauon of the average error in the analysis,
for each component, was calculated as
0.5
2 ]

" The square of the correlation coeﬁ'icnent (R,), which is an indication
of the quahty of fit, was dctermmed as

h Z(A,. —-@%‘42(4 -0)?

RMSD = [1/1\/2('2 -B) @

=l

3)

Where A, is the actual concentration of the analyte in the sample i, B;
represents the estimated concentration of the analyte in the sample i,
C is the mean of the actual concentrations in the prediction set and N
is the total number of the samples used in the prediction set. Table 1
gives the statistics of the developed calibration model. A good corre-
lation was obtained as indicated by R, and RMSD values in calibra-
tion set. The actual vs predicted values of particle size is shown in
Figure 2. It may be noticed in Figure 2 that all the data points lic
close to the fit, shows the effectiveness of calibration.

A separate set of twelve samples was created in a similar manner
as the calibration set for prediction. NIR spectra of these samples
were recorded in diffuse reflectance mode. Same set of twelve sam-
ples was used for laser technique, in order to compare the results and

[ Table 1. NIR calibration statistics

]

i ”Range B No o_l 5?__"}9!??{ o Factors ) B’ L RMSD No. of Outliers
Y Caibfaﬁon 1100-2500 nm 110 5 0.8812 2.156 S
‘ 105 5 0.9961 1.454 -
Prediction set 1100-2500 nm 12 0.9935 1.835 -

. Y——
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sugar samples

Figure 2. Results of PLS calibration using sieve values. NIR
predicted particle size values versus laser values in micron for

ventional technique of sieving which is useal-
ly adopted by the sugar indusines for process
control. Comparison between laser particie

size analysis and NIR technique for sugar
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samples has shown good agreement in particic
size range. 28 pum 10 78 pm. Good comelation
between the reference. laser values and pre-
dicted NIR values is obtained using partial
least Squares algorithm. Although derivation
of calibration equation is a tedious procedure
but once a calibration equation is geoerated
rapid determination of particle size of
unknown sampies is possible.

NIR technique also offers definric advan-
tages over laser technique. which focuses oaly
on determination of median or mean particle
size. In addition the laser technique is sensi-
m'clowmanddxzdacnnnnpor
umloasauedﬂalldxpm:damwd!dz&
persed in the medium. However the preseat
is accurate and analysis is possible on sobd

75

Table 2. Laser Vs NIR vaiues of mean particle
size of powdered and sieved sugar samples in
prediction set ‘

Nlﬁ values {(mm)

Laser values (mm) Bias
’ 38.46 | 4138 -2.92
31.03 | 29.84 1.19
29.93 { 2856 1.37
'35.38 | 3434 1.04
76.75 | 7715 -0.40
36.78 | 3505 173
57.77 : 5536 2.41
30.93 | 2853 2.40
50.34 ' 5225 -1.91
74.75 73.30 1.45
37.46 . 39.44 -1.98
35.74 - 3751 1.77

R2 = 09935

RMSD = 1.835

to find out the reliability of NIR spectroscopic method. The compar-
ison of NiR predicted values with laser values for mean particle size
is given in'Table 2. It may be observed from the table that agreement
between laser technique and NIR spectroscopic method is quite good,
which is evident from R, and RMSD values. Even though the maxi-
mum deviation of 7 % between the actual laser values and NIR val-
ues is observed the correlation coefficient is much high. It is because
the fact that the actual laser values and predicted NIR values are ran-
dom and for calculating the correlation coefficient the actual and pre-
dicted values are deviated from the mean of the laser values (equa-
tion 3). Hence it is clear from data presented above that NIR method
on sieved samples is robust and has provided good results.

Conclusion

NIR spectroscopy is a suitable technique for determination of parti-
cle size of sugar. The technique is highly advantageous over the con-
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samplcs.‘i‘hctechmqucbsmed:lny w0 provide direct measurement
of particle size of sohd sugzﬁmples
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Book review

Annuaire Suctrier 2005-2006 (Paris, France.
Antenne Générale de Publication, 290 pp,

hardback. Euros 1 00}

This finely produced directory provides a:

* detailed listing of the players in the French sugar industry. These
include those involved in sugarbeet and beet sugar production, sugar
refining and alcohol production as well as the industry associations (e.g.
Institute Technique Frangais de la Betterave Industriclle and Centrre
d’Etudes et de Documentation du Sucre).

« Lists the key sugar processing and refining companices in 22 Europecan
countries dnd their full contact details. Notable exclusion includes
Poland. ’

* One section provides comprehensive data (historical and current) on
sugar production in France (including its territories Guadeloupe,

Martinique and Reunion) as well as in Europe and the rest of the world.

Though written i French, few will find difficulty in navigating through
it. To purchase the directory. contact: Antenne Générale de Publication,
47. rue Berger. 75001 Panis, France. Tel: +33 (0) 140 20 37 0N [y
+33(0) F 26 34 40. Email agpubli@wanadoo ty
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