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”New for measuring
oven moisture”
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TJI Interview with Dr. Egbert Stärk and Hannjörg Steiner

왘 Dr. Egbert Stärk, Business Development NIR, Perten Instruments

TJI: The most important parameter in
primary for Near Infrared (NIR) analysis
is moisture. What are the problems currently
encountered
in
moisture
measurement?
Egbert Stärk: The problem or rather the

challenge with loss-on-drying (LOD) or
“Oven Moisture” is that on the one hand
the NIR Instruments presently in use
only measure water in tobacco – except
the crystalline water. On the other
hand, water is not the only volatile component resident in tobacco: there are
also a number of components present
such as essential oils, humectants like
propylene glycol and glycerin, volatile
components of casings and flavours and
the like. These components which are
referred to in the literature as Total Volatile Organic Compounds (TVOC), are
evaporated in the oven to a larger or
lesser extent. The TVOC’s however, are
not measured by conventional NIR instruments; as a result the instruments
have to be “compensated” or adjusted
for the TVOC’s measured by LOD.
왘 Hannjörg Steiner, Business
Development, Perten Instruments

Owing to changes in the supply chain
smaller batches of tobaccos of different
origins are used even for the same
blends. A specific “American Blend”
consisting of Virginia, Burley and Oriental may consist of a totally different sort
of tobacco than the previous blend with
the same recipe. As a consequence the
ratio between water and TVOC’s may
change to a great extent mainly due to
the variations in essential oils. The variation may well amount to some 2 %.
Therefore, the NIR instruments have to
be recalibrated against LOD to give the
correct “Oven Moisture” value; and this
may require many samples to be taken
in order to compensate for these variations.
In the light of the worldwide trend of
creating fewer and larger production
sites instead of many small sites, together with more frequent changes
from one batch to the next, a bottleneck
is created in many physical laboratories.
This often results in more overnight
shifts with less personnel to cope with

Fig. 1: The total volatiles of every batch are different
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“The world’s 903 million
smokers will propel
global tobacco sales
to US$743 billion
by 2014.”

Global Tobacco: Market Outlook Resilience in Recession?
Euromonitor International

Euromonitor International has teamed up with Tobacco Journal International to bring you the latest
market intelligence. Use our research to gain a greater understanding of the tobacco industry and
follow emerging market trends.
Our research provides:
Æ

Detailed coverage of cigarettes, cigars, smoking tobacco and smokeless tobacco

Æ

Market volume and value sales performance

Æ

Company shares, brand shares and distribution trends

Æ

Legislative developments, taxation and duty levels

Æ

Strategic analysis of the key factors influencing the industry

For more information about our tobacco research, please visit www.euromonitor.com/tobacco
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recalibration problems due to these factors.
TJI: Why is moisture so important?
Hannjörg Steiner: Measuring moisture

in the quality control laboratory and online in production is of utmost importance because moisture determines the
efficiency of the different productions
steps and therefore the quality of the
final product. Also, the final moisture in
the cigarette is an important quality
parameter which, for example, determines the smoking characteristics and
the colour of the cigarette. The method
used both in the QC laboratory and online is Near-Infrared (NIR) Technology.
The advantage of this technology is that
it has been proven to be a fast and reliable method. It works independently
of ambient conditions such as lighting,
temperature and humidity. Also colour
and product height on the belt in production or the turntable of the laboratory instrument do not affect the
measurement. In many cases the online
instruments are connected to a PLC

(Programmable Logic Controller) to
form a closed loop control which ensures constant moisture by controlling
the oven temperature. In this case
measurement has to be very precise in
order to ensure a correct feedback control.
TJI: How is moisture measured at present?
Egbert Stärk: in currently used NIR sen-

sors light emitted from a light source is
passed through a rotating filter wheel
and then onto the tobacco on the moving belt or the rotating disc of the laboratory instrument. The diffusely reflected light is focused onto a photodiode; the signal is processed in the instrument; and NIR absorbance characteristics are used to determine the
amount of water in the tobacco by
means of an elaborate algorithm.
As NIR spectroscopy is an indirect
measurement method the instrument
has to be calibrated against a reference
method; the most widely used reference method is the so-called loss on dry-

ing (LOD) method which gives us the
so-called “oven moisture” value: a tobacco sample is weighed before and
after drying in an oven, usually at 110
deg Celsius for three hours; moisture is
then calculated from the difference in
weight divided by the sample weight;
this process is repeated at different levels of moisture. Based on these oven
moisture values, the NIR instruments
are recalibrated or rather “adjusted” to
display the oven moisture. Usually LOD
is also the generally agreed method for
QC audits for the whole supply chain
from the tobacco supplier to the final inspection. So adjustments in production
have to be made finally to produce tobacco with the correct oven moisture
value.
TJI: What is new in your approach to
measuring oven moisture?
Hannjörg Steiner: for the first time one

can now continuously measure a total
volatiles profile (TOVC’S) – not just
water – in a single measurement run
with high precision and reproducibility.

Fig. 2: Schematic of the DA 7200 laboratory spectrometer and DA 7400 online spectrometer principle
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TJI: What does multi-component
measurement cover and what is its significance in practice?
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Fig 3: Moisture in tobacco
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Fig. 4: Menthol in different tobacco blends
1.8
1.6
1.4
NIR - DA 7200 [%]

To achieve this, we developed a new
NIR system consisting of one instrument for the physical QC laboratory
(DA 7200) and one instrument for online measurement in production (DA
7400), both based on the same diode
array technology. The DA 7200/DA
7400 ( see figure 2) can measure a complete spectrum at a resolution of approx. 3 nm at a rate of 100 per second, i.
e. 256 points compared to the maximum of 16 points (usually 4 to 6) of conventional filter-based NIR sensors. In
the Near Infrared wavelength range
used by DA 7200/DA 7400 the penetration depth is considerably higher
than in the wavelength range used by
filter-based sensors. The main advantage of a higher penetration depth is
that it is possible to measure moisture
inside the sample. At a lower penetration depth the value may be partly
incorrect, because owing to evaporation or condensation at the surface,
moisture is different from the moisture
inside the sample.
Egbert Stärk: by measuring a continuous spectrum, complex multiple component mixtures like the so called
“Oven Volatiles” can also be detected
and calibrated; thus measuring not only
water but also TOVC’s. The spectrum of
the whole set of substances is
measured, memorised and then calibrated against existing and new oven
values. For example, a large set of
blends of leaf tobacco can be measured
with the same calibration without
further adjustments. In some cases adjusting offset and slope of the calibration curve may prove to be useful in
order to achieve even higher precision.
Even for unknown blends, standard
deviations comparable with the “oven”
reference method could be achieved;
(see figure 3). In most cases when starting a new production batch, the online
sensors would already be at the right set
point and no waste will be produced. In
addition the workload on the physical
QC laboratory is reduced significantly
and reduces costs.
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Egbert Stärk: we can measure a lot of

substances separately with our Diode
Array Technology (all in one calibration
respectively for all blends), such as
water, propylene glycol, glycerin and
essential oils. The key is to calibrate
them separately by using the appropriate reference methods like Karl-FischerTitration for water, and gas chromatography for the other substances. This
way a complete total volatiles profile
can be given for a blend. The production team can then supervise the correct
addition of humectants.
Other substances which can be
measured all in one calibration for all
blends, both in the laboratory and on-

line at high accuracy (provided valid reference methods such as GC, HPLC, FIA
are being used), include menthol, nicotine, eugenol, and reducing sugars.
Menthol and nicotine values can be crucial when legal limits or the data as
stated on the packs are exceeded; for
example, measuring nicotine online before tobacco enters the maker can be
useful in order to avoid having to cut
open packs and cigarettes for reprocessing. This applies even more to menthol
where reprocessing may prove to be
more difficult. Tests have shown that
the values for menthol are comparable
to the precision of the reference method as shown in figure 3.

TJI: What are the benefits for cigarette
manufacturers?
Hannjörg Steiner: we are speaking of a

truly versatile and precise multi-component measurement system for cigarette
manufacturing which simultaneously
measures all parameters in one calibration for all blends and delivers a complete profile of substances for both production and quality control in just one
measurement run. The system can also
be extended to measure these components in stems and tobacco fines as
well. Overall this allows cigarette manufacturers to produce higher consistent
quality and quantity at lower costs.
Interview: William McEwen

BAT and LGC develop new analytical technique to identify arsenic species
A technique that allows different forms of arsenic in smoke and tobacco to be identified for the first time has been developed in a
joint project involving British American Tobacco and LGC, the UK’s
National Measurement Institute for chemical and bio-analytical
measurement.
Currently available measurement techniques quantify total arsenic
but far more challenging is identifying the exact form of arsenic
present. “Understanding the form of arsenic is important because
arsenic is known to be toxic to humans, and the level of toxicity
depends on, amongst other things, its chemical form,” says Dr
Kevin McAdam, Principal Scientist at British American Tobacco.
“There is clear evidence, for example, that inorganic arsenic is carcinogenic to humans, whereas there is little evidence of carcinogenicity with arsenic compounds that cannot be metabolised in humans, such as arsenobetaine,” he says. “Now for the first time, we
are able to identify the exact chemical form of a number of arsenic
species found in tobacco and smoke. This should allow us a greater
understanding of their possible role in smoking-related diseases
and potentially help us identify routes for their removal from tobacco and smoke,” he adds. The new technique is described in the
journal J. Anal. At. Spectrom (2011, DOI: 10.1039/C0JA00268B)1.
Heavy metals, like arsenic, are thought to be absorbed naturally by
tobacco plants from soil and atmospheric sources and to transfer to
some degree into cigarette smoke. Current analytical methods for
total arsenic determination in tobacco leaf and smoke condensates
involve the use of strong acids to efficiently extract the arsenic
from the sample matrix. The amount of total arsenic present is then
determined using spectroscopy or elemental mass spectrometry.
However, recent synchrotron studies by scientists at British American Tobacco have shown that arsenic is present as a mixture of
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species in tobacco and smoke2. The new technique goes a step
further to identify many of these individual arsenic species. A less
aggressive extraction technique is used to ensure that arsenic
species are removed from the substrates in a way that does not
change their chemical form. The different species are then separated from each other using liquid chromatography and the amount
of each determined using mass spectrometry.
‘Using this technique, we managed to identify 63% of the arsenic
present in tobacco, and identify major species present in water soluble extracts of cigarette smoke’ says Dr McAdam. ‘Identifying the
chemical forms of arsenic in tobacco products is a step forward in
improving our understanding of the composition of tobacco and cigarette smoke, and this study now opens doors for us to examine
other toxic metals such as cadmium, chromium, lead, nickel and
selenium,’ he says.
Heidi Goenaga-Infante, Principal Scientist at LGC in Mass Spectrometry, said ‘It is particularly satisfying that LGC’s significant experience and capability in the area of arsenic and selenium speciation in
plant materials has been recognised. By working closely with BAT’s
scientists to understand the complex nature of a typical tobacco
product, we have successfully developed a new method for determining arsenic species in tobacco and tobacco smoke.’
BAT is now extending this collaboration with LGC to identify other
metal species within tobacco smoke.
wmc
1. ‘Determination of total arsenic and arsenic speciation in tobacco products: from
tobacco leaf and cigarette smoke’, Sutthinun Taebunpakul, Chuan Liu, Christopher
Wright, Kevin McAdam, Julien Heroult, Julian Braybrook and Heidi Goenaga-Infante,
J. Anal. At. Spectrom., 2011, DOI: 10.1039/C0JA00268B
2. A feasibility study on oxidation state of arsenic in cut tobacco, mainstream cigarette smoke and cigarette ash by X-ray absorption spectroscopy. Liu, C., Hu, J., McAdam, K., Spectrochimica Acta Part B: Atomic Spectroscopy. 64 (11–12) 1294–1301
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