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DETERMINATION OF FERMENTABLE SUGARS AND NITROGENOUS COMPOUNDS IN
WORT BY NEAR- AND MID-INFRARED SPECTROSCOPY
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Near-infrared (NIR) and mid-infrared {MIR) spectroscopy techniques were evaluated for the analysis of
brewery worts. Good calibrations were obtained for maltose (SEPy, 2.6 g/I, SEPys 2.0 g/l), glucose
SEPyi 0.6 g1, SEPuir 0.4 g/l) and the sum of fermentable sugars (SEPy;; 2.8 g/l, SEPy, 2.6 g/l) with
both methods. Satisfactory calibration was obtained for maltotriose (SEPyR 1.4 g/, SEPwr 1.6 g/l),
nitrogen (SEPyr 122 mg/l, SEPuma 92 mg/l) and free alpha-amino nitrogen (SEPy 29 mg/l, SEPy 23
mg/l). MIR spectroscopy gave slightly better results, but sample handling was more difficult than in
the NIR region. The NIR measurement is simple and rapid and could be used for on-line process control
during mashing. No sample preparation other than filtration is needed.
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INTRODUCTION

Near-infrared (NIR) technology has found numerous appli-
cations in the food industry'2, In the malting and brewing
industry NIR has been used for analysis of raw materials,
such as barley, malt, hops and yeast, for analysis of wort
and beer as well as for process control purposes. In the case
of liquid samples the transmission mode has been shown to
give better results than the transflectance mode?. Trans-
mission NIR has been applied to assay of hot water extract,
total carbohydrates, fermentable sugars, fermentability and
free alpha-amino nitrogen (FAN) of laboratory worts'® and
to assay of glucose, fructose and sucrose in aqueous solutions
and fruit juices'®. Acceptable calibrations for total sugar
content but not for individual sugars have been obtained.
Transmission NIR has also been used for assay of original
gravity and ethanol in beer?#39:11.15-17.19.20 Using trans-
flectance NIR, good calibrations for extract content and
soluble nitrogen in copper worts have been obtained®. Mid-
infrared (MIR) technology has been used for the analysis of
alcohol, extract and dissolved oxygen in wort and beer'® and
for the analysis of sucrose content in sugar cane’.

Very little data concerning the analysis of brewery wort
using NIR or MIR technology is available. The purpose of
this work was to investigate the application of transmission
NIR and MIR to the determination of glucose, maltose,
maltotriose, nitrogen and FAN in wort. Previous work has
been performed using dilute congress worts'®. In this work
strong worts corresponding to brewery worts were used. To
our knowledge, neither NIR nor MIR calibrations have been
developed earlier for individual sugars in wort. Since the
measurement is simple and rapid it could provide a tool for
on-line process control during mashing.

EXPERIMENTAL

Wort Samples
34 worts were prepared on a laboratory scale using combi-
nations of 12 malts (representing several barley varieties,

In the MIR region, wavenumbers are usually used instead of wave-
length. Wavenumber is the reciprocal of wavelength expressed in
cm, and therefore has the unit em~?.

growth seasons and geographical sites) and four different
mashing programmes. The mashing conditions were chosen
to correspond to industrial practice. EBC coarse grist and a
malt to water ratio of 1:4 were used. pH was controlled by
addition of sulphuric acid and calcium salts were added to
stabilize enzyme activities. The worts were cooled and fil-
tered through Schleicher & Schiill (5978) filter paper. The
extract content was between 14 and 16% (m/m). NIR and
MIR analyses were performed immediately.

Chemical Analyses

Glucose, maltose and maltotriose were analyzed by HPLC,
The method in Analytica-EBC® was modified as follows:
Samples were diluted with an antibiotic solution
(chlorotetracycline hydrochloride 0.01% and chloramphen-
icol 0.01%) to the level of 20-150 mg/l and filtered through
a 0.2 um filter. Sep-Pak cartridges were not used. Instead
of using ion exchange resins, a BIO-RAD Deashing Car-
tridge (125-0118) was used as precolumn. The column used
was a BIO-RAD Aminex HPX-87P (125-0098). The concen-
trations of the standards were 50 mg/l. The mobile phase
(water) was kept at ambient temperature and the flow rate
was 0.5 mUmin. The injection volume was 20 ul. The tem-
perature of the refractometer was 40°C. Nitrogen was ana-
lyzed bg the Kjeldahl method® and FAN by the ninhydrin
method®.

Repeatability of Chemical Analyses

In order to be able to evaluate the NIR and MIR cali-
brations the repeatability of the reference methods was deter-
mined. Two wort samples, similar to those used for the NIR
and MIR analyses, were divided into 8 parts. In this way
the error resulting from mashing could be excluded. The
glucose, maltose, maltotriose, nitrogen and FAN contents
of the samples were analyzed.

Selection of Wavelength Ranges

The results of other workers'-”-'* indicate that better dis-
crimination between simple sugars and lower detection limits
can be achieved if the NIR-region above the water absorption
peak at 1940 nm is used instead of the more commonly used
region 1000-1900 nm. The same NIR-range above 1940 nm
has been used for assay of protein in several agricultural
commodities>!. On this basis the range from 2000 nm to
2400 nm was used for NIR analysis despite the fact that















