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RAPID YEAST TREHALOSE MEASUREMENT USING NEAR INFRARED REFLECTANCE
SPECTROMETRY
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The rapid measurement of yeast trehalose by Near Infra-Red Reflectance (NIR) spectrometry is
demonstrated for both dried and slurry samples. The reproducibility of the method was acceptable
considering the errors in both the enzymatic calibration and determination of cell dry weight methods.
The results were better in the case of slurry samples presumably because the error in the drying
method was removed. Direct slurry measurement is also more rapid and more desirable for future in-
line applications. Further improvements in the measurement of yeast glycogen by NIR as previously
published are also reported. NIR reflactance would appear to be a promising technique for the rapid
in-line measurement of yeast intracellular components within a brewery.
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INTRODUCTION

Many yeast cellular components have been reported to
be related to yeast vitality or “fitness for use™®. These
include intracellular adenosine triphosphate'’,  ergo-
Steroll.!.lI.I?.Ib.IB,ZO.!J.Zﬂ‘ unsaturated ra"y acids'-l"-"”-”. and
glycogen'?-3.3627 1t s important (o note that not all
researchers have found direct correlations between the con-
centrations of these intracellular components and yeast
performance in subsequent fermentations®'®!, The relative
applicability of these measurements would seem to vary both
with the particular yeast strain®!%2%22 and fermentation con-
ditions employed®1%:1113.282224 What has often limited brewers
from attempting to assess the utility of such component
measurement for their applications has been the lack of rapid,
simple techniques with which to gather sufficient data for
practical assessment'®. The use of near infra-red (NIR)
detection technology can make such studies feasible but few
research laboratories have reported use of the technique to
measure yeast cellular components®’. In brewing, NIR has
been used primarily to assess raw materials such as hops,
barley and malt*****, More recently, the technique has been
applied to the analysis of wort and beer!*15-29,

NIR has been used to measure yeast glycogen concen-
trations®!, Since that report, the detection reliability has been
further improved and these improvements, as well as the
postulated reasons for them, are reported in this paper.
Trehalose is the other major storage carbohydrate in
Saccharomyces cerevisine. It is a non-reducing disaccharide
composed of two glucose units linked through their reducing
carbon atoms in an a-1,1-linkage. Trehalose is located in the
cytoplasm but has been found to be closely associated with
the cell membrane in times of stress such as starvation,
desiccation, or hcat-shock®®34. As such, trehalose has been
reported to be more of a stress protectant than an energy
reserve® and its relative concentration in the cell can be used
to reveal the effects of altered fermentation conditions on
yeast physiology®*¢.32.3,

The measurement of trehalose as a yeast vitality indicator
may be possible. Trehalose synthesis is closely related to
glycogen synthesis in that they both accumulate in resting
cells and both can be synthesised from uridine diphosphate
glucose (UDPG)¥. Unlike glycogen, trehalose may also be
synthesised from glucose-6-phosphate>¥. Linear relationships
between the trehalose and sterol contents in both resting
and aerated yeast cells have been reported®. Sterol contents,

particularly ergosterol, have been suggested as vitality in-
dicators. These compounds however, are notoriously time-
consuming and difficult to measure with any accuracy'.
Additionally, ergosterol is nol present in brewing yeast strains
in wide ranging amounts (normally 0.1—1.0% of cell dry
weight'>1828) This is a severe limitation when attempting to
measure ergosterol using NIR. If samples are clustered in a
limited concentration range, it is possible to obtain an ex-
cellent correlation on calibration of the NIR but the slope of
the line may be incorrect?!.

Trehalose is usually measured by disrupting the yeast cells,
hydrolysing with acid trehalase and measuring the resultant
glucose via any number of specific or non-specific tech-
niques®*2. The total time required for a single analysis is in
excess of two hours™. In this research, a commercially avail-
able glucose oxidase: peroxiduse test kit containing an indica-
tor dye was employed. The use of an enzymatic glucose
detection method increased the sensitivity and therefore, the
accuracy, of the total trehalose determination. This method
was employed to calibrate the NIR. Both dried and slurry
yeast samples were evaluated with the latter displaying better
reproducibility possibly due to the omission of the drying
step. The potential uses of the technique are discussed in
terms of both research and brewery utility. Other yeast
components under investigation for measurement using NIR
technology are also suggested.

MATERIALS AND METHODS

Yeast Strain and Sample Pretreatment

Saccharomyces cerevisive strain AJL (Alfred Jorgensen
Laboratories, Copenhagen, Denmark) 2036 was used
throughout. Samples of yeast slurry were collected from a
commercial brewery and then transferred to the laboratory
for sample preparation and analysis. Yeast samples for glyco-
gen analysis by NIR were prepared and dried as previously
described?!. Two types of sample preparation were used for
trehalose analysis by NIR. In the case of dried samples, the
yeast was prepared us per the glycogen methodology?'. For
slurry analysis, the samples were diluted in beer to a manage-
able consistency. The dilution resulted in a slurry that con-
tained approximately 30% w/v cells.

NIR Equipment and Analysis

A Bran and Luebbe Infruprover I NIR (Norderstedt,
Germany) was used throughout. The associated sofiware was
the Infraprover Il Chemical Analysis Package (ICAP) which
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TABLE 1. Parameters and Conditions Used for NIR Analyscs
of Storage Carbohydrates
Settings

Parameler Glycogen Trehalose!
Number of Samples

Scanned 70 70
Number of Data Points

per Scan 459 459
Wave Range 4500-9996 cm ™! 4500-9996 cm ™!
Data Pretreatment Second Derivative Second Derivative
Number of Factors 15 15

"These parameters hold for trehalose analysis for both slurry and
dried samples except number of samples in the slurry analysis was
reduced as per Figure 7.

allowed measurement of the NIR spectra as well as data
storage and analysis. Dried yeast samples were ground to a
fine powder in a coffee grinder prior to analysis (both
for trehalose and glycogen determinations). The dry sample
probe was then introduced into the dried sample for storage
carbohydrate measurement. The associated slurry (liquid
sample) probe was introduced directly into the diluted slurry
for trehalose measurement. Al NIR measurements were
conducted at ambient laboratory temperatures (20°C). The
spectra were then recorded and the data treated as described.

Enzymatic Analysis: NIR Calibration Tests

Glycogen determinations on dried samples were conducted
as previously described?!. Trehalose analysis was conducted as
per the method of Trevelyan and Harrison’? and the resultant
glucose was determined using the glucose oxidase: peroxidase
test kit from Bochringer Mannheim (Mannheim, Germany).
Prior to analysis, a measured weight (1 g approximately) of
yeast slurry was washed twice with 1 mL cold deionised
water. Further sample treatment was as per the published
method®. Glucose was determined spectrophotometrically
{Beckman DUG640, Beckman Instruments, Fullerton, CA,
U.S.A.) at 436 nm. The trehalose result on the slurry sample
was converted to dry weight percentage when calibrating the
NIR for the dried yeast samples. This was conducted by
gravimetrically determining the dry weight of 1 g of slurry
(oven-drying at 105°C overnight). In the case of slurry sample
calibration, the gravimetric dry weight analysis was omitted.

NIR Data Treaiment

Enzymatically determined concentrations were entered into
the NIR data base and used to calibrate the quantitative data
generated by the NIR measurement. The quantitative analysis
of the spectra data for either trehalose or glycogen measure-
ment was performed by the method of Partial Least Squares
(PLS)*. In order to eliminate matrix effects, the second
derivatives of the spectra were employed before data ana-
lysis?!. The parameters and conditions used for the NIR
analyses of both trehalose and glycogen are given in Table I.
Regression coefficients and standard errors for both the
learning and the test sets were calculated as per normal by the
ICAP package.

RESULTS AND DISCUSSION

Enzymatic Calibration Resulls

The glucose oxidase:peroxidase test kits were highly
accurate and excellent correlations between absorbances and
glucose concentrations (r>0.95) were noted when using either
glycogen or trehalose as the hydrolysed substrate. The aver-
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F1G. L. Scatter plot of measured versus NIR predicted glycogen
values on dried yeast samples for the learning set in relation to a
perfect correlation (line).
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FIG. 2. Scatter plot of mcasured versus NIR predicted glycogen
values on dried yeast samples for the test set in relation to a
perfect correlation (line).
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F1G. 3. Scatter plot of the consolidated measured versus NIR pre-
dicted glycogen values on dried ycast samples in relation to a
perfect correlation (line).

age error of duplicate analyses for the enzymatic glycogen
measurement in dried yeast samples has been reported by
Mochaba and coworkers to be in excess of 4.7%?'. Errors in
glycogen determinations were of a similar magnitude (5%).

When using pure trehalose as the test sample, the errors
were less than 1% indicating that the enzymatic procedure
will totally hydrolyse released trehalose to detectable glucose.
The error when using yeast samples increased to greater than
5% presumably due to both extraction and hydrolysis vari-
ations in the test samples. Occasionally (approximately once
per 15-20 samples), a yeast sample would demonstrate a wide
variation in multiple analyses from the same slurry. It was
postulated that the trebalose in this yeast sample may have
been bound to membrane components®'. Variations on these
“atypical” samples often approached 10%.









