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A spectrophotometric method for determining soluble protein has been applied to the measurement

of soluble nitrogen (SN) in micromalts from a barley breeding programme. A regression equation

between wort SN values, measured by the KJeldahl method, and the absorbance difference (A21B-A22B|)
of diluted wort samples was prepared and then used to predict SN levels of 353 worts produced from

breeding material from a diverse genetic background. These data were highly correlated with those

obtained from the Kjeldahl method (r = 0.952***).

A second calibration equation relating wort absorbance at a single wavelength (A21B) to Kjeldahl

nitrogen data was able to predict wort SN values with equal accuracy compared with the relationship

based on absorbance difference (A21B-A22b)- Here, the correlation between the two data sets was r =
0.953*** (n a 353). The spectrophotometric method is a rapid and simple means of measuring wort

SN in the large numbers of samples generated by barley breeders and the single wave-length

measurement offers a particularly efficient method of screening the very small wort volumes

produced from test tube-scale mashes.
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Introduction

Malting barley contains about 9-12% protein, usually ex

pressed as % nitrogen, most of which remains in the grain

following malting. About 30-40% of this protein is dissolved

into the wort during the mashing phase of brewing, the precise

proportion being of interest to the brewer as it influences yeast

nutrition, foam properties, alcohol yield and haze potential.

This fraction of the total malt protein, generally called soluble

nitrogen (SN), is affected by the malting and brewing con

ditions used and is also influenced by barley variety. A con

venient and precise means of assessing the SN concentration

of micromalts prepared from breeding lines would therefore

help the barley breeder. The SN value can be used with the

total barley nitrogen concentration, rapidly measured by near

infrared reflectance, for example, to give an indication of

soluble nitrogen ratio (SNR) or Modification Index.

There are several direct methods for the determination of

nitrogen in biological materials, including variations of the

Kjeldahl procedure2-6, and the Dumas combustion method2

now being used more widely. Both have limitations in that they

are time consuming, require expensive equipment, and in the

case of the Kjeldahl method, use corrosive reagents and toxic

catalysts. There is an alternative, simple and sensitive spectro

photometric method10 for measuring dissolved protein based

on absorption in the UV region of the spectrum. Protein

adsorption is often measured at 280 nm but the response

depends upon the aromatic amino acid composition of the

proteins present and is subject to interference from nucleic

acids and nucleotides.

Waddell10 showed that a strong absorption peak between 250
nm and 200 nm was caused by peptide bonds and so was

independent of amino acid composition. He further demon

strated a linear relationship between protein concentration and

the difference in absorbance between 215 nm and 225 nm

(A215-A225) and noted that this difference largely negated

interferences when using plasma samples. Franken-Luykx4

reported a linear relationship between absorbance difference

(A215-A225) and SN in unhopped and end-fermented worts

from malts of different barley varieties. More recently, both

the European Brewery Convention1 (EBC) and the American

Society of Brewing Chemists1 (ASBC) have assessed the

method with unhopped worts in collaborative trials and both

organisations have recommended its use, although the EBC

have added the proviso that the spectrophotometric method

should not be used as a basis for commercial transactions.

Barley breeders are now paving more attention to protein

degradation during malting and mashing in response to cur

rent demands for barley varieties with a much wider range of

protein modification characteristics during processing. How

ever, the spectrophotometric method of measuring SN is

apparently not being used as a routine method for assessing

breeding material despite its simplicity and convenience.

This paper describes the preparation of a calibration equa

tion relating wort SN levels by the Kjeldahl method to

absorbance difference values (A215-A25) and its subsequent

performance in determining SN in worts from micromalts

prepared from spring and winter barley breeding lines. The

possibility of using a single wavelength measurement was

evaluated as an even more rapid method for routine use in

screening breeding lines.

Experimental Methods

Material

Grain samples were taken from from winter and spring

breeding trials, ranging from the F5 generation to commercial

varieties, grown in the 1993-94 season on five sites near

Cambridge. 20 g samples of cleaned and sieved grain were

micromaltcd using a Phoenix Automatic Micromalting system

and 10 g malt samples were mashed by a modified Institute of

Brewing procedure described by Gothard et a/.5.
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Measurement of Soluble Nitrogen (SN)

5.00 ml of each wort sample was digested and SN was

determined according to the method of Starr and Smith9. A
further aliquot of wort (1.00 ml) was diluted to 100 ml with

sodium chloride solution (5.0 g/litre) using volumetric flasks.

Absorbance at 225 nm, then at 215 nm, was measured in

quartz cuvettes using a Perkin Elmer Lambda 3B UV/visible

spectrophotometcr. At each wavelength, the spectrophotometer

was zeroed using dilute sodium chloride.

For further information on sound operating practice, see the

EBC Notes on Procedure referred to by Lie7.

Calibration set

A set of malt samples was chosen to represent as wide a

range as possible of wort SN levels and then mashed in

duplicate. SN levels in the duplicate worts were then measured

spectrophotometrically and by the Kjeldahl method. A regres

sion equation describing the relationship between mean values

of absorbance difference (A215-A225) and SN was calculated.

Results and Discussion

Figure 1 shows absorbance levels of a typical wort sample in

dilute NaCl solution scanned between 190 nm and 305 nm in

which the peak between 230 nm and 190 nm is attributed to

peptide bonds. The peak gave maximum absorption at 201 nm

and the slope from 225 nm to 215 nm was essentially linear
and was reported to be directly proportional to nitrogen con

centration1 .
To test this for wort samples, a calibration set was prepared

from 31 micromalt samples with a range of wort SN levels

from 352 to 642 mg/litre; and an absorbance difference (A215-

A225) range of 0.139 to 0.279. Least squares regression analysis

gave a relationship of:

Wort SN (mg/litre) = 2249 (A2is-Ani) + 30

between these data sets with a correlation coefficient (r) of

0.988*** (n = 31). These data are illustrated in Figure 2.

This calibration equation was then used to predict SN in

wort samples generated from other micromalts produced from

a range of breeders' lines grown on different sites, and covering

a diverse germplasm base. Eleven separate batches containing

353 malt samples were mashed and wort SN levels determined

using the Kjeldahl method were compared with the values

predicted from the UV absorbance difference measurements

using the calibration equation. The Kjeldahl method con

verts proteins and other wort nitrogenous compounds to am

monium salts which are then measured directly, whereas the

UV absorbance response is due to the presence of peptide

bonds only. Figure 3 shows a close linear relationship between

the predicted and measured SN values with a correlation
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Fig. 2. Calibration data set for predicting wort SN comprising 31

barley samples each malted in duplicate and analysed by the

Kjeldahl and spectrophotometric methods (r = 0.988***).

coefficient of r = 0.952***. The regression equation relating

these two data sets was:

Wort SN (mg/litre) = 2292 (A^A^)+ 22

This is similar to the calibration equation derived above

and is also comparable to the relationship for 73 unhopped

Congress worts reported by Franken-Luykx4 below:

Wort SN (mg/litre) = 2321 (A2l5-A22S) - 16 (where r = 0.937)

The implications of the very good correlation between the UV

and Kjeldahl data for a large number of genetically different

malt samples are that either, the peptide proteins are by far the

dominant form of soluble nitrogen compounds in the worts,

or, that the proportions of peptide- to non-peptide nitrogen are

generally constant in all wort samples.

The statistics for the data in Figure 3 are summarised in

Table I. There was very good agreement between the values

obtained by both methods from the 353 wort samples. The

standard deviation of the range of differences between values

from the two methods was 19.57 mg/litre, equivalent to a

coefficient of variation (CV) of 4.1% at the mean of the values

measured (483.0 mg/litre). Both analytical procedures contri

bute errors of measurement to the relationship shown in

Figure 3. For example, 10 replicate analyses of a single wort

sample gave means and standard deviations of 0.285 (±0.0034)

and 640.2 (±6.96) mg/litre for absorbance difference and SN
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Fig. I. Absorbance scan from 195 nm to 305 nm of wort diluted with

0.05% NaCl.

Fig. 3. Relationship between wort SN predicted by UV absorbance

difference (A215-A225) and wort SN measured by the Kjeldahl

method. The correlation coefficient is r = 0.952**' (n = 353).
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TABLE I

Mean

Minimum

Maximum

Measurement and prediction of wort soluble

(A, ,-A.,,)

0.2014

0.134

0.264

Kjeldahl N

(mg/litre) '

483.6

316

624

nitrogen in 353 micromalts

Predicted SN

(mg/litre)

483.0

331

624

Difference1

(mg/litre)

O.6±I9.57J

Predicted SN

A:,,"
(mg/litre)

494.1

343

631

Difference'

(mg/liire)

-IO.5±19.23d

•SN (mg/litre) = 2249 (A.,,-A,.5) + 30 (r = 0.988"*)

"SN (mg/litre) = 1054 (A:l5) -25 (r = 0.990"*)
'Difference between Kjeldahl and spectrophotometrie methods.

''Standard deviation of the range of differences (c) between the Kjeldahl and spectrophotometric methods.

respectively, indicating similar CV's of 1.2% and 1.1% res

pectively for each procedure. The batch reproducibility was

also comparable for each procedure. A standard check malt

mashed in each of the 11 batches gave an absorbance differ

ence mean of 0.240 (±0.0071) resulting in a mean prediction of

569.0 (±15.78) mg/litre of wort SN; and 574.9 (±16.80) mg/litre

by Kjeldahl with respective CV's of 2.9 and 2.8%. Collabora

tive trials conducted by the EBC7 and ASBC1 to evaluate the
spectrophotometric method produced comparable CV's rela

ting to method repeatability which ranged from 1% to 5%

depending on the SN level of test samples.

Waddcll10 reported that protein solutions at 215 nm obeyed

Beer's law to an absorbance of up to 2.0. He suggested that

measuring an absorbance difference (Ajis-A^s) or slope would

restrict non-protein interferences found in human and animal

plasma samples and noted that, although greater sensitivity

could be obtained at wavelengths below 215 nm in the UV

region, the results would be subject to light scattering prob

lems. To test the feasibility of measuring wort SN at a single

wavelength, absorbances were measured from a representative

batch of 40 worts at 225 nm, 215 nm and also 201 nm, the

absorption maximum for the peak shown in Figure I. It was

difficult to obtain stable absorbance readings from a spectro-

photometer at 201 nm, although stability improved markedly

at 2 nm on either side of this absorption peak. In contrast, it

was noted that the absorbances at 225 nm and 215 nm of

diluted worts were stable and that these samples could be

stored overnight under ambient conditions without changing

before reading in a spectrophotometer. Despite the low stabi

lity at 201 nm, it was found that there was a highly significant

correlation between the difference (A215-A115) and the

measured absorbance at 201 nm (r = 0.964***). Indeed, the

absorbances at 225 nm, 215 nm and 201 nm were all highly
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Fig. 4. Relationship between wort SN predicted by UV absorbance at

a single wavelength (A115) and wort SN measured by the Kjeldahl

method. The correlation coefficient is r = 0.953*" (n = 353).

correlated with each other (r values from 0.970*** to

0.990***).

Absorbance values at 215 nm and Kjeldahl data were used

to derive a second calibration equation. There was found to be

an excellent fit between these data (r = 0.990***), comparable

with the (A115-A223) equation (see footnotes in Table I).

Furthermore, when used to predict wort SN values from the

validation set of 353 samples, the correlation between Kjeldahl

and spectrophotometric SN values at 215 nm was r =

0.953***, essentially the same as that from the absorbance

difference data. Data shown in Figure 4 and Table 1, confirm

that the two calibration equations were equally effective in

predicting soluble nitrogen in wort. Using a single wavelength

to measure wort SN does not seem to have been investigated

previously. These results suggest that apparently for wort

samples, there may be less interference in the low UV region

from non-protein compounds than Waddell observed in mam

malian tissues.

The adoption of a single wavelength measurement for pre

dicting wort SN offers clear advantages over the absorbance

difference method including speed, convenience, and simplicity.

These factors are important when assessing the very large

numbers of samples generated by breeding programmes.

Measurement at 215 nm only, also avoids the problems of

regularly re-zeroing a spectrophotometer at two wavelengths,

and does away with errors accruing from measuring a differ

ence between two similar numbers.

Conclusions

The application of a rapid, sensitive, and specific spectro

photometric method for determining SN in small wort samples

produced from barley breeding programmes which offers com

parable precision to the alternative Kjeldahl procedure is

reported. The method is simple and avoids the safety and

environmental problems associated with strong acids and

aggressive and toxic reagents used with the Kjeldahl method.

The stability of the absorbance readings of diluted wort

samples for at least 16 hours also offers flexibility as well

as rapidity to the analyst. The results demonstrate that the

method is ideal for testing large numbers of breeders' lines and

is particularly well suited to use with the test-tube scale

mashing procedures now commonly used in this laboratory

and elsewhere38, where the small volumes of wort recovered

generally preclude the analysis of SN by the Kjeldahl method.

In this instance, for the evaluation of most early- to middle-

generation barley breeding stocks, the use of a single absorb

ance measurement at 215 nm provides a more convenient and

attractive alternative to the absorbance difference procedure.
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