• Thermogravimetric analyzer
(TGA)—a commercial TGA was
used for analysis with an operating
temperature up to 1000 °C with a
maximum heating rate of 50 °C/
min.
Methodology
Initial evaluation of the thermal
properties of GlcH was performed
through use of a temperature
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gradient using the KF headspace

A new approach to testing water content in biologics is needed that
will give a more accurate determination of actual water content in the biologic.

reaction, which would create excess

oven. For this analysis, the
temperature was ramped from 50
°C to 150 °C at a rate of 1 °C/minute
with a nitrogen flow rate of 50 mL/
minute. The upper temperature
limit of 150 °C was chosen since the
GlcH was expected to degrade at
this point by undergoing a Maillard
water (7). The results from the
temperature gradient, shown in
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glucose monohydrate (GlcH) as a standard. The thermal properties
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of GlcH (3) make it an excellent candidate because it is a saccharide,

the KF headspace oven at varied

which is a common cryoprotectant for biological materials (4–6), and

temperatures, as outlined in Table

thus should be compatible with a multitude of samples. GlcH was not

I, and the percent water measured

spiked into sample material and, instead, was analyzed as received.

was evaluated against the certificate

This was done because of limited access to sample material.

of analysis value of 9.0% water as
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The GlcH was analyzed using

the percent recovery. The percent

Material and methods

recovery results from Table I suggest

Materials

GlcH does not release water as

GlcH was sourced from a bulk supplier with a water content value

readily as the temperature gradient

of 9.0% per the accompanying certificate of analysis (CoA). All

analysis in Figure 1 indicates.
Further evaluation of the GlcH was

calculated from the CoA value. All preparations of GlcH were

performed using thermogravimetric

performed under ambient laboratory conditions. Bulk sample material

analysis (TGA) to determine the

for GlcH was stored in a desiccator when not in use to minimize

rate at which water is released. The

moisture adsorption over time. Glucose in the absence of a hydrate

GlcH was analyzed at two different

will be identified as Glc.

temperature ramp rates, 1 °C/
min and 10 °C/min, to evaluate the
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Instrumentation

differences between the sample

• KF headspace oven—a KF headspace oven was used that had

slowly coming to temperature

an operating temperature range of 50 °C to 250 °C and a 32-vial

and the sample rapidly coming to

autosampler.

temperature (i.e., the sample being
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calculations of percent recovery for the bulk GlcH material were

Operations

Table I. Initial analysis of glucose monohydrate (GlcH) at various
temperatures.
Sample

Temp (°C)

bound water within the material.
The phase transition of GlcH has

% Water

Percent
recovery (%)

7.26

81

7.08

79

7.39

82

1 and Figure 2, both analyses took

7.49

83

place under nitrogen flow and

7.91

88

were uniformly heated at a rate

7.76

86

8.13

90

8.00

89

70
75
Bulk GlcH
80
100

to re-arrange, which entraps the

been extensively evaluated (3) and
explains the various mechanisms
that caused the differences in the
release of water. As shown in Figure

of 1 °C/min, and GlcH appears to
effloresce just below 70 °C. In order
to increase the heating rate of GlcH
to be more uniform, the particle–
particle interaction and, in turn, the

Figure 1. Temperature gradient from Karl Fischer oven titration.

packing coefficient, would need to
be increased to optimize the heat
transfer (10). An aliquot portion of the
GlcH was put through a ball mill for
five minutes to reduce the particle
size in order to better optimize the
packing coefficient and subsequent
heat transfer of the material. The
quantitative reduction in particle
size was not evaluated; however,
increased duration in milling time
would likely further decrease the
average particle size, thus increasing
the packing coefficient (11). The ballmilled GlcH was then analyzed on
the TGA at a ramp rate of 10 °C/min.

Figure 2. Thermogravimetric analyzer analysis of glucose
monohydrate at varied ramp rates.

Figure 3 shows the thermogram from
the ball-milled GlcH overlaid with the
thermogram from the 1 °C/min-ramprate analysis of bulk GlcH.
The thermograms from the ballmilled GlcH more closely matched
the thermogram of the 1 °C/minramp-rate analysis, which suggests
the reduced particle size provided
a more uniform heating process
even when heated at a faster rate.
The milled GlcH was then analyzed
using the KF headspace oven at
varied temperatures to evaluate
measurement stability. Due to the
heat generated from milling, the
certificate of analysis of the GlcH
value for water content was no
longer applicable, and the aliquots
were analyzed at 130 °C for a
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analyzed is inserted in a preheated

material and how the moisture is

prepared batch to determine the

oven) (9). The thermograms, as

released. One potential and critical

water content of the milled GlcH.

shown in Figure 2, show the

explanation for this difference is that

The milled GlcH results shown in

rate at which GlcH is heated can

GlcH undergoes a phase transition

Table II were evaluated against the

greatly affect the behaviour of the

at 83 °C that causes the structure

average values obtained at 130°C
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Operations

Table II. Initial analysis of glucose monohydrate at various temperatures.
Sample
preparation

Temperature
(°C)

130

concentrations to evaluate its impact
on the measurement consistency of

Percent
water (%)

Percent
recovery (%)

GlcH water content analysis and the

8.59

-

well as the prepared concentrations.

results are reported in Table II as

8.60

-

8.60

100.0

8.57

99.7

8.64

100.5

using a KF headspace oven at

8.59

100.0

temperatures below 100 °C. This

8.65

100.6

8.57

99.7

8.60

100.0

8.59

-

headspace oven analysis to materials

8.54

-

that release water at or below 100

8.57

100.0

8.45

98.7

8.43

98.5

8.52

99.4

the ideal grain size for ideal testing

8.51

99.3

parameters. The use of a flow aid

8.53

99.6

such as lauric acid is recommended

8.54

99.7

130

8.02

100.0

90

7.98

99.5

use of alternative flow aids may be

80

7.96

99.2

applicable but would need further

70

7.95

99.1

evaluation.

130 Average
90

Ball milled
glucose monohydrate

80
70
130
130 Average
Ball milled
1% lauric acid: glucose
monohydrate

90
80
70

Ball milled
10% lauric acid: glucose monohydrate

Figure 3. Thermogravimetric analyzer analysis of glucose
monohydrate milled compared to non-milled.

to determine the percent recovery.

difficult since the GlcH stuck to the

During sample preparation it was

sampling utensils and the walls of the

noted the GlcH was difficult to handle

glass vial in which it was stored. To

because milling the material caused

alleviate this, the flow aid, lauric acid,

it to become statically charged.

was added to minimize the sticking of

Weighing a specific sample size

the milled GlcH to various surfaces (3)

and ensuring proper sampling was

(10). Lauric acid was added in various

Conclusion
GlcH is an acceptable standard for
use in water content determination

would bridge a gap since there are
no current standards available for
use at temperatures below 140 °C
and would allow extension of KF

°C. The reduction in particle size was
a key factor in ensuring consistent
measurements and will likely need
further evaluation to determine

to ensure sampling, and preparation
of the material should be consistent
to improve sample precision. The
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