384 J. Agric. Food Chem., Vol. 27, No. 2, 1979

Obviously thinner or thicker strands are going to display
different cooking qualities.
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Catalytic Effects of Stainless Steel, Teflon, or Glass on Thermal Degradation of
Thiamin in a Tubular Laminar-Flow Reactor '

Joseph W. Bell,* Peter R. Rony, Warren K. Stone, and William F. Collins

A tubular laminar-flow reactor was designed to measure the effects of contact surfaces on the kinetics
of thermal degradation of thiamin. The catalytic effects of polished type 321 stainless steel, Teflon,
and Pyrex glass were determined in a phosphate—citrate buffer at pH 6.60 from 70-90 °C. The rate
constants were not significantly different. Thus thiamin breakdown occurred in the homogeneous liquid

phase and not on the walls of the reactor.

New processing procedures and packaging materials are
introduced primarily to improve quality and increase shelf
life of food products. During thermal processing, fluid
foods come in contact with the surface of the processing
equipment at high temperatures. In storage they may
remain in contact with the packaging material under
reduced refrigeration for extended periods of time. These
exposures could catalyze chemical deterioration of some
food constituents thereby lowering quality and nutritional
value. There is an urgent need for information on the
catalytic effects of processing and packaging materials on
the degradation of food constituents.

Pratt (1930) was among the first to study the effects of
a contact surface on the stability of vitamins. He measured
leaching from a nickel pasteurizer into milk and deter-
mined the effects of increased nickel content on stability
of the B vitamins. However, owing to a lack of appropriate
instrumentation, decisive conclusions were not made.
Farrer (1947a) reported that thiamin degradation was
catalyzed by iron, zinc, and nickel in a phosphate—citrate
buffer, but not in a phosphate buffer. He suggested that
catalysis was due to the formation of a complex between
the metallic ions and citrate. Copper acted differently
from the other ions, catalyzing thiamin degradation in
phosphate buffer and retarding its destruction in phos-
phate—citrate buffer below pH 6.5. He suggested that this
retarding effect was due to a complex between copper and
citrate.
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Factors affecting thiamin stability have been widely
studied. Windheuser and Higuchi (1962) published an
excellent review of the kinetics of thiamin degradation as
affected by buffer salts and pH. Dwivedi and Arnold
(1972) and Windheuser and Higuchi (1963) reviewed the
effects of other compounds on the thermal stability of
thiamin.

Thiamin degradation has been studied in the presence
of several different contact surfaces and under diverse
conditions. Thiamin solutions have been autoclaved in
lacquer-lined cans (Morfee and Liska, 1971, 1972) and in
glass vials (Dwivedi and Arnold, 1972, 1973; Dwivedi et al.,
1972); sealed in glass tubes and immersed in hot water
(Arnold et al., 1969; Windheuser and Higuchi, 1962, 1963,
Beadle et al., 1943; McIntire and Frost, 1944); boiled and
refluxed in glass systems (Booth, 1943; Farrer, 1945a,b,
1947a,b, 1948, 1953, 1955; Farrer and Morrison, 1949); and
injected directly into a steam-filled stainless steel chamber
(Mulley et al., 1975a,b). The different kinetic parameters
reported in these studies may be attributed partly to the
catalytic effects of the contact materials on thiamin
degradation. Published information is lacking on effects
of contact surfaces on the kinetic parameters of thiamin
degradation. This study was undertaken to determine the
effects of type 321 stainless steel, Teflon (FEP from
Supelco, Inc., Bellefonte, Pa), and Pyrex glass on the
catalyzed degradation of thiamin hydrochloride in a
phosphate—citrate buffer at pH 6.60.

MATERIALS AND METHODS

Apparatus. A catalytic reactor was designed and as-
sembled for this study (Figure 1). The electronic units,
A and B, controlled the speed of the high-pressure pumps,
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Table I. Rate Constants and Correlation Coefficients for
Thiamin Degradation Curves in a
Phosphate-Citrate Buffer at pH 6.60

Bell et al.

Table II. Energies of Activation (E,), Frequency Factors
(A), and Correlation Coefficients (r) Obtained in a
Phosphate-Citrate Buffer at pH 6.60

correlation
temp, rate constant, coefficient,
°C  contact material min~! r

70 stainless steel 1.24 x 107* 0.969
teflon 1.54x 10~ 0.961
glass 1.56x 10 0.998
75 stainless steel 2.20x 10 0.956
teflon 2.96 x 10-¢ 0.962
80 stainless steel 4,20 X 10~ 0.969
teflon 463 x 10 0.981
glass 4,46 x 10 0.998
85 stainless steel 7.65x 107¢ 0.973
teflon 10.2 x 10~ 0.988
90 stainless steel 15.3 x 10~* 0.971
teflon 15,0 x 10¢ 0.984
glass 14.9 x 10°¢ 0.998

stants for each of the three materials were compared using
the F and ¢ tests (Bell, 1977) and were not significantly
different (P > 0.60). The intercepts for each of the thiamin
destruction curves were statistically analyzed and none
were significantly different from zero.

The correlation coefficients in Table I attest to a high
level of precision for the thiamin analysis and to a high
correlation between the residence time and thiamin
degradation and indicate that the degradation of thiamin
in this reactor was a first-order reaction. When the
quantity, —In ¢;/c,, was plotted against time, a straight line,
characterizing a first-order rate process, was observed.
This is in agreement with the work of Windheuser and
Higuchi (1962) and in contrast to the earlier work of
MeclIntire and Frost (1944) and Farrer (1948).

In analyzing the reactor data, it was assumed that
diffusion in the lateral direction was rapid compared to
the hypothetical rate of degradation on the inner tube wall.
As described elsewhere (Bell, 1977), we have mathemat-
ically tested this assumption. On the basis of the com-
puted mass flux at the wall, the maximum concentration
of thiamin in solution and the small diameter of the
stainless steel tube, we concluded that no significant mass
transfer limitation existed between the center of the tube
and the tube walls. In essence, the maximum possible rate
was far too slow to produce significant diffusion control
in such a small diameter tube. Such theoretical consid-
erations also demonstrate that this reactor is able to
measure catalytic degradation effects by the inner tube
walls. For much higher rates of surface degradation, a
more complex theoretical analysis, patterned along the
lines of the Graetz derivation (Graetz, 1885), would be
required.

The energies of activation (E,) and frequency factors (4)
for thiamin degradation are shown in Table II. The
activation energies were calculated from rate constants
which were not significantly different (P > 0.60).
Therefore, the differences in these energies of activation
cannot be considered significant. The correlation coef-
ficients (r) ranged from 0.956 to 1.00. They show good
reliability of the data and close adherence to the Arrhenius
equation. These energies of activation agree with the data
of Huttenrauch (1969).

a?
contact material kJ/mol A, min™! r

stainless steel 130 6.6 x 10! 0.996
teflon 120 2.8 x 10 0.956
glass 117 9.8 x 10!3 1.00

Based on the measurements for the degradation of
thiamin in this laminar-flow tubular reactor, we conclude
that glass, Teflon, and polished stainless steel are inef-
fective catalysts and that all degradation occurs homo-
geneously in the liquid phase. With this reactor, the
catalytic effects of various materials that can be fabricated
into a tube can be measured on many soluble compounds.
Further work is planned to study the catalytic effects of
processing and packaging materials on the thermal deg-
radation of food constituents.
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