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Analysis of collagen and gelatin derived from single type fishbladder preparations of isinglass finings
demonstrated that the specific optical rotation of each preparation was consistent for a given
wavelength of incident light and was independent of the isinglass source. These specific rotation values
in conjunction with measurement of the specific rotation of an isinglass preparation enabled the direct
estimation of collagen content. Furthermore, thermal denaturation of isinglass preparations and
polarimetric determination of the total soluble nitrogen content of the resulting gelatin provides a rapid
and convenient alternative to Kjeldahl determination of the total soluble nitrogen content of isinglass
finings. Measurement of the observed rotation of isinglass preparations and the total soluble nitrogen
content of thermally denaturated aliquots of the same material by polarimetry enabled the analysis of
collagen and total soluble protein content within 40 minutes compared to 24 hours for conventional

quality control procedures based on dialysis of isinglass preparations.
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INTRODUCTION

Isinglass finings are protein solutions extracted from the
swimbladders of tropical marine fish. The traditional use of
isinglass finings is the clarification of cask conditioned ale by
flocculation and sedimentation of yeast cells and colloidal
material. More recently isinglass finings have found appli-
cations in the enhancement of filtration performance and
extension of filtration throughput by the partial clarification
of bulk beer prior to filtration.

The principal component of isinglass finings is collagen, a
high molecular mass rod-like protein (Mr 300 000) comprising
three hydroxyproline rich polypeptide chains wound in a
helical conformation. The constituent polypeptide chains are
cross-linked and strengthened by interchain hydrogen and
covalent bonds®. Individual collagen molecules are aligned
and further covalently cross-linked within collagen fibrils.
This molecular arrangement is responsible for the fibrous
nature and mechanical strength of collagenous tissue. Ex-
traction of collagen from swimbladder tissue with dilute acid
solutions (cutting) results in solubilisation of collagen through
the breakage of these intermolecular bonds. However, the
cutting process must be carefully controlled to maximise both
the yield and molecular size of soluble collagen’®. Further-
more, disruption of the interpolypeptide bonds within a
collagen molecule results in denaturation of collagen to form
gelatin. Denaturation is accompanied by the dissolution of
the collagen molecule into randomly coiled polypeptides.

Collagen is widely regarded as the principal fining agent of
isinglass preparations. However, the actual mechanism of the
fining action of isinglass is poorly understood. The con-
formation of the collagen molecule must determine molecular
functionality since the transition to the random coiled con-
formation of gelatin results in significant loss in fining ability.
Also, the fining performance of an isinglass preparation is
characteristic of the particular fishbladder type employed
during manufacture. This suggests that differences in the

molecular characteristics of collagen derived from different
sources, for example size and net charge, may account for the
variation in fining action. Thus for a given isinglass prepar-
ation, a knowledge of the soluble collagen content may
provide a useful indicator of fining performance to both the
finings manufacturer and the brewer.

The conventional method for the estimation of the collagen
content of isinglass finings is derived from a procedure first
described by Leach and Barreut’. Dialysis of a sample of
isinglass against 0.02 M Na,HPO, for 24 hours at 4°C results
in the precipitation of collagen from solution. This may be
collected be centrifugation and subsequently analysed by
Kjeldahl determination of total nitrogen content. According
to Leach’, under the conditions employed during dialysis both
collagen and gelatin are either at or close to their isoelectric
point. However whilst collagen forms fibrils and precipitates
from solution, gelatin remains soluble.

Alternative methodologies for the estimation of collagen
have exploited the dye binding properties of collagen® or
the co-precipitation of a specific dye with collagen’. These
methods, whilst being more rapid than dialysis based tech-
niques, require careful and frequent calibration to ensure
reproducibility of results. There is also the potential for
analysis errors arising from dye-binding by gelatin. Other
techniques such as acid hydrolysis of collagen followed by
detection of hydroxyproline’ are tco cumbersome for routine
us¢ and are unable to discriminate between collagen and
gelatin. Measurement of the intrinsic viscosity of isinglass
finings’ is claimed to provide an indication of potential fining
ability but also requires information on the soluble collagen
content of the sample and is impractical for routine analyses.

A novel approach to the analysis of soluble collagen was
suggested by studies on the thermal stability of collagen using
polarimetry’. This methodology is dependent on the rotation
of the plane of polarised light by optically active compounds
and is therefore simple and non-invasive towards the sample.
Furthermore, for defined systems, quantitative analysis
requires only information on the specific rotation of the
sample together with component specific constants. Isinglass



332

finings may be considered to be a simple two component
system comprising collagen and gelatin. Polarimetry has
therefore been evaluated as a quantitative tool for the routine
analysis of isinglass finings.

MATERIALS AND METHODS

Preparation of collagen

Individual batches of collagen were prepared from single
sources of different fish swimbladder types. Each isinglass
preparation was diluted with chilled distilled water (1:4 w/w)
and was centrifuged at 6000 rpm (approximately 5000g) for
15 minutes at 10°C to remove insoluble material. Aliquots
of clarified samples (50 ml) were dialysed against 0.02 M
Na,HPO, for 24 hours to precipitate collagen. This was
collected by centrifugation at 6000 rpm for 15 minutes at
10°C and each batch was resolubilised in 50 mL of distilled
water containing 0.03% v/v phosphoric acid. All collagen
samples were stored at 4°C to prevent thermal denaturation.

The total nitrogen content of collagen preparations was
determined by Kjeldahl analysis.

Preparation of gelatin

Samples of gelatin were prepared by thermal denaturation
of individual batches of collagen. This was accomplished by
incubating samples of collagen in a waterbath at 60°C for 1
hour. The total nitrogen content of gelatin preparations was
determined by Kjeldahl analysis.

Optical rotation measurements of isinglass, collagen and
gelatin preparations

Prior 1o analysis, samples of single fishbladder source
isinglass preparations and commercial isinglass blends were
diluted with chilled distilled water (1:4 w/w) and were centri-
fuged at 6000 rpm (approximately 5000g) for 15 minutes at
10°C. The pellet was discarded and the supernatant was
retained for analysis. Samples of collagen and gelatin, pre-
pared as described above, were analysed directly.

Measurement of the optical rotation of samples of isinglass,
collagen and gelatin was conducted in a Perkin-Elmer 241
polarimeter at wavelengths of 589, 578, 541, 476 and 365 nm.
All optical rotation measurements were conducted at 25°C in
a 1 dm flowcell and the results were averaged automatically
over a 5 second interval. The values of optical rotation were
expressed relative to a distilled water blank. Samples of
isinglass or collagen were stored on ice prior to analysis to
avoid any potential thermal denaturation. Temperature equi-
libration of the samples in the flow cell was rapid. No
decrease was observed in the optical rotation of samples of
isinglass or collagen in the flow cell over an interval of 15
minutes. This demonstrated that optical rotation measure-
ments conducted at 25°C were bona fide and not com-
promised by thermal denaturation of collagen.

RESULTS AND DISCUSSION

Theory of polarimetry

The specific optical rotation [a] of a solution is defined as
the angle through which polarised light of a defined wave-
length A4 will be subject to rotation on passing through a
sample at a concentration of 1 g/ml in a cell of pathlength 1
dm at a given temperature.

o
m [=—

Ixc
where: a=observed rotation, c=concentration in g/ml, 1=
pathlength in dm.
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The specific rotation of a solution is not strictly indepen-
dent of concentration although for most purposes it may be
assumed to be constant.

Isinglass finings preparations may be considered to be a
two component system comprising collagen and gelatin.

Therefore:
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where: a=mole fraction of collagen, b=molc fraction of

gelatin.
The mole fraction of collagen may be determined by:
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where: [a]=specific rotation of isinglass, [ac]= specific rota-
tion of collagen, [e; = specific rotation of gelatin.)

Therefore the % total soluble collagen (x) may be esti-
mated by:
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Application of polarimetry to the analysis of isinglass finings

From the simple mathematical treatment of a two com-
ponent system presented above, the first requirement of this
methodology was the determination of the specific rotation
constants of collagen and gelatin. However, commercial
batches of isinglass finings are derived from blends of several
types of fish swimbladders. Therefore for polarimetry to be
applicable to the analysis of commercial isinglass finings it
was essential to establish whether there was any significant
variation in the specific rotation of collagen and gelatin in
preparations derived from different sources of fish swim-
bladders. Samples of isinglass were prepared from nine types
of fish swimbladder according to the method of Leach and
Barrett®. The results from the analysis of 44 samples of
isinglass by polarimetry at five wavelengths (Table 1) demons-
trated that the specific rotation of collagen was dependent on
the wavelength of the incident light. However, the specific
rotation of collagen was consistent for a particular wave-
length of incident light and independent of the isinglass
source. Similarly, samples of gelatin (49) derived from nine
types of fish swimbladder by thermal denaturation of collugen
preparations also demonstrated that the specific rotation of
gelatin was consistent for a particular wavelength and in-
dependent of the original fishbladder source (Table II). The
values for the specific rolation of collagen are greater than
corresponding values for gelatin and both sets of data are in
good agreement with previously reported results'>*1" from a
variety of source materials.

The total soluble collagen content of an isinglass finings
preparation may be estimated by measurement of the specific
rotation of a preparation in conjunction with the specific
rotation values of collagen and gelatin (see equation 4). The
results obtained using this method were independent of the
polarimeter wavelength employed in the analysis (Table 1II).
To further validate polarimetry as an analytical methodology.
a comparison of the total soluble collagen content of isinglass
preparations derived from single fish type and commercial
blends was conducted using results obtained by polarimetry
and the conventional method of Leach and Barrett®. The
results (Fig. 1) demonstrated that polarimetry yielded gener-
ally higher values of total soluble collagen content than
results obtained using the conventional methodology. This
discrepancy may be explained by incomplete precipitation
of collagen during the dialysis stage of the conventional
methodology®. In contrast samples assessed by polarimetry
were processed directly without any pre-treatment and thus
provided a measurement of the total collagen content of the
sample. An alternative explanation for the higher estimated









