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YEAST PROTEIN MEASUREMENT USING NEAR INFRARED REFLECTANCE SPECTROSCOPY
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The measurement of total protein in yeast cells is useful for fermentation and yeast research as well

as for byproduct improvement studies. The protein content of the cell changes with alterations in

several fermentation and medium parameters and during the course of the cell cycle. In general, the

protein content of the harvested cells is maximised under conditions ideal for yeast growth. Brewers

often sell excess yeast as a byproduct and the quality of the yeast, as well as the associated price per

unit weight, are often determined by the protein content. Many methods to measure the protein

content in yeast cells exist but can be impractical for various reasons or prone to error. In this research,

a method was developed to measure the protein content of yeast cells by near infrared reflectance

spectroscopy (NIR) - a technique which is finding many applications in brewing and is simple, rapid

and amenable to on-line control systems. With this latest application for NIR, it is now possible to

measure yeast glycogen, trehalose and protein contents on the same sample in less than 30 minutes

including a sample preparation time of 25 minutes.
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Introduction

The use of near infrared reflectance spectroscopy (NIR) as a

method for the analysis of brewing raw materials has been

established for many years1-2-46-7 and is gaining in popu

larity4-6. The method is rapid, non-destructive and amenable

to on-line analysis and control philosophies'526. It has only

been relatively recently that this method has been used to

measure common components of yeast cells. We have reported

the successful use of NIR to measure both the glycogen14 and

trehalose15 contents in a production lager yeast strain. Another
laboratory has also reported success with the mid-infrared

analysis of glycogen although the reported procedure was

lengthy (2-3 hours)25. The measurement of glycogen and

trehalose in yeast handling surveys can be very useful in

trouble-shooting and optimisation exercises'*. The glycogen

content of the cells gives some indication of the initial energy

reserves upon repitching1823-24 while the trehalose levels can

indicate the ability of the cell to withstand early stresses in the

process12'1118. In addition to the use of this analysis on a

brewery level, research laboratories need such information for

studies on the physiology of a particular yeast strain under

different conditions12-"-17.

The protein content of the yeast cell is critical to research

investigations as it can directly reflect the metabolic status. The

major portion of wort amino nitrogen is utilised to synthesise

new structural and enzymic proteins in yeastlb:i. The fer

mentation performance of a yeast can be estimated by

measuring its free amino nitrogen (FAN) uptake patterns10.

Since the majority of the FAN is being used to synthesise

proteins16-21, it is apparent that the protein content of more

active cells should be higher. Actively growing and stationary

phase yeast demonstrate far different protein contents with

growing cells having much higher contents911. Harvested yeast

in good physiological condition will normally contain higher

protein contents than less vital cells12-13 although this method
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does not give a clear cut differentiation between vital and non-

vital yeast. However, decreases from the normal protein

content of the harvested cells can tell the brewer that the yeast

quality is deteriorating and such indicators are useful to trigger

the appropriate process surveys.

Additionally, many breweries dry their yeast slurry and sell it

as a byproduct8'1'-'1''22. Dried yeast has become a major raw

material for industrial, agricultural and medical applications8-9.

It is used as a food flavourant and nutritional supplement and

it can improve the nutritive value offood mixtures at a relatively

low cost19-22. Autolysates, plasmolysates and hydrolysates can

be used for a wide variety of applications including enzyme

recovery8-9

Instead of drying yeast, brewers may dispose of the wet

slurry by various means if the cost of yeast drying equipment is

prohibitive and/or a viable market for the dried product is

unavailable9. Since the drying of yeast does require energy, it is

necessary to recover these costs in the end product. Yeast that

contains higher amounts of protein and B vitamins commands

a higher price on the open market8-9-1922 since it can be used for

higher value-generating products. Thus, maximising the protein

content of the yeast becomes important to the brewing

company that dries and sells large quantities of yeast.

If a particular yeast buyer specifies a minimum yeast protein

content close to the one normally found at the end of the

brewing process, it becomes necessary for the brewer to ensure

that he is meeting this specification. It would be both

embarrassing and expensive to have a yeast shipment ofseveral

tonnes returned due to below specification protein contents.

Ideally, the brewer would want to know the protein content of

the cells prior to the drying process since it may not be cost-

effective to add energy to the protein-deficient yeast and he may

rather want to dispose of the wet slurry via other avenues.

Although there are several enzymic test and reagent kits

available to measure protein, they are not suitable for practical

operator control. Such methods can be too difficult, too time-

consuming, too expensive, or they can require specialised

equipment. Often these methods do not reproducibly recover

all the protein in the yeast cells. It should be noted that non-

growing industrial yeast cells are difficult to lyse completely

other than by the most vigorous methods The use of milder

lysis techniques, such as enzymic disruption, can result in an
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underestimate of total cell protein content due to the presence

of non-disrupted cells. Yeast protein underestimates are

common and can cause concern to the brewer selling such yeast

on a protein specification.

The attractiveness of NIR for the measurement of yeast

protein becomes apparent. Once the instrument is calibrated,

on-line analysis is completed without operator intervention and

reliable decisions on yeast byproduct improvement become

possible on a routine basis. In this research, we calibrated the

NIR using a reliable total nitrogen combustion method and

then successfully used the NIR for highly predictable and

reliable yeast protein measurement.

Materials and Mirnions

Yeast strain and sample preparation

A commercial lager brewing strain of Saccharomyces

cerevisiae, strain AJL (Alfred Jorgensen Laboratories,

Copenhagen, Denmark) 2036 was used throughout. Samples of

yeast were collected from breweries as either slurry or as dried

samples from the yeast drum driers on site. The slurry samples

were dried in a microwave and then prepared for protein

analysis as per the method of Mochaba et a/.14. The dried yeast

samples were prepared for analysis in the same manner except

for omitting the microwave drying step. The in-process samples

were included to broaden the range of expected protein

contents thus facilitating calibration of the NIR. Scrapped and

dried yeast from the brewery normally contained a very narrow

range of protein contents since it is common to collect scrapped

yeast crops in a large holding vessel prior to drying.

Calibration methodfor protein determination

The yeust protein content was determined using the

principles of the Dumas combustion method4 and the LECO

(LECO, St. Joseph, WI, U.S.A.) FP2000 protein analyser. This

instrument uses a three-phase operational cycle consisting of

purging the sample, burning it in an atmosphere of oxygen and

then analysing the combustion products. A dried yeast sample

(prepared as above) was accurately weighed and between I and

2 grams were massed into a ceramic boat and placed into the

purge chamber of the horizontal furnace. Oxygen was then

allowed to flow directly onto the sample (1 litre/min) and

combustion took place for 50 seconds at 95°C. The resultant

gaseous products were then passed through a thermoelectric

cooler to remove most of the moisture. All gases were collected

in a ballast chamber containing a free-floating piston which

was forced up during gas collection. The gaseous products in

the ballast were allowed to equilibrate (2-3 seconds) to homo

geneity at a pressure of approximately 975 mm mercury at

1300°C. During the analysis phase, the piston in the ballast

chamber was forced down and a 10 ml aliquot of the com

busted products was passed over hop copper to remove excess

oxygen and to reduce the nitrogen oxides. The resultant gases

were then further scrubbed using anhydrous magnesium

perchlorate (residual moisture removed) and sodium hydroxide

(carbon dioxide scrubbing). The nitrogen was then measured

using a thermal conductivity detector using helium gas as the

carrier (200 cm-Vmin). The detector signal was processed via a

microprocessor in the unit and the data were presented as

nitrogen contents. The LECO was calibrated either using a

nitrogen-containing analytical grade organic compound such

as ethylene diaminetetraacetic acid (9.59% Nitrogen) or using a

certified standard reference material. Each analysis took

approximately 4 minutes and the protein content of the sample

was estimated by multiplying the percent nitrogen by 6.25.

Each sample was analysed in duplicate. The reproducibility of

the method is typically ±0.30. One half ofeach of the dried and

prepared yeast sample was used for the LECO nitrogen

determination whilst the other half was used in the NIR scans.

TABLE 1. Parameters and Conditions Used for NIR Analysis of

Protein in Yeast

Parameter Settings

Number of Samples Scanned

Number of Data Points per Scan

Wavelength Range

Data Pretreatment

Number of Factors

105

459

4500-9996 cm

Second Derivative

15

Calibration andprotein determination using NIR

A Bran and Luebbe Infraprover II NIR (Bran and Luebbe,

Norderstedt, Germany) equipped with the Infraprover II

Chemical Analysis Package (ICAP) to facilitate spectra

measurement, data storage and interpretation was used

throughout. The yeast samples were scanned by NIR and then

the LECO-determined protein values were entered to calibrate

the spectral data. The Partial Least Squares method-7 was used

to analyse quantitatively the spectra data using the second

derivatives to eliminate matrix effects. The parameters and

conditions used for NIR analysis of protein concentrations are

shown in Table I. The regression coefficients and standard

errors for both the learning and the test sets were calculated by

the ICAP package. The random selection of samples for each

set was done using a computer program designed to select

random numbers between I and 105 (52 samples for the

learning set and 53 samples for the test set). The learning data

set programs the NIR calibration to recognise the spectra

versus a given set of reference method data (model develop

ment). The test data set tests the calibration relationship

developed in the learning set for true predictance of the

measured parameter (validation of the model).

Results and Discussion

We initially chose two popular and inexpensive protein

determination kits available from Sigma (St. Louis, MO,

U.S.A.) and from Biorad (Hercules, CA, U.S.A.) based on the

Lowry et «/." and Bradford-1 methods, respectively to calibrate

the NIR. Although the calibration methods worked well with

protein standard solutions (correlation coefficients >0.98 for

either assay), the hydrolysis procedure was ineffective and non-

reproducible in extracting the total protein from yeast cells. We

had previously noted this problem, albeit not to the same

extent, in extracting glycogen and trehalose from yeast using

the same procedures1415. The hydrolysis method originally

described by Gornall et a/.5 consisted ofmixing a known weight

of the dried yeast with 0.5 M sodium hydroxide and boiling for

10 minutes after which the sample is cooled and centrifuged

(lOOOOxg, 5 minutes at 4°C). The supernatant is then used in

the protein test kit determinations. Some cell protein will be

embedded or very tightly bound to the walls, membranes and

organelles by virtue of the specific enzymic or structural

function20. This may have resulted in poorer total cell protein

extraction compared to glycogen and trehalose recovery. As a

direct result, the NIR calibration for protein determination was

poor and the resultant correlations in the learning and test sets

were low (r=0.60 and r=0.58, respectively for the Sigma kit)

with either test kit.

As with all NIR calibrations, this phenomenon emphasises

the importance of selecting and perfecting the calibration

method15. The relationship obtained with the NIR-measured

component will only be as good as that achieved in the

calibration method4. If the calibration procedure gives variable

results on the actual samples (not standards), it is not advisable

to attempt to train the NIR for measurement.

Approximately 50% of the dry weight of yeast is crude

protein8-19— although such estimates are normally for aerobic-

ally grown yeast and yeast recovered from fermentation will

usually contain less protein on a dry weight basis9. Also, the

nitrogen content recovered from purine and pyrimidine bases






