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Comparative studies on thermal stability of poultry ovotransferrins

Chicken (Chi) eggs have excellent functions and characteristics such as thermal
coagulability, foaming, and emulsification, and are an extremely important food
ingredient in the diet and food industry. Egg protein plays a major role in these functions
and characteristics, and is used in various ways depending on the application.
Ovotransferrin (OTrf) is one of the major egg white proteins of chicken, accounting for
about 12% of egg white protein, and is known to have the lowest thermal stability among
major egg white proteins. Therefore, the thermal stability of Chi OTrf has been a major
concern in the past, since the pasteurization temperature of liquid eggs is often determined
by taking into account the thermal denaturation of Chi OTrf. On the other hand, effective
utilization of biodiversity and unutilized genetic resources are also important for the
development of food production and food development. The usefulness of chicken eggs
goes without saying, but other poultry eggs may also have functions and characteristics
comparable to or superior to chicken eggs, and their effective use is expected. However,
studies on the properties of poultry eggs other than Chi are very limited. In particular, it
1s assumed that OTrf influences the thermal conditions for sterilization and
cooking/processing, so knowledge on the thermal stability of OTrf is essential for the use
of other poultry eggs. Therefore, the purpose of this study was to compare the thermal
stability of five types of poultry other than Chi; duck (Duk), guinea fowl (Gui), Japanese
quail (Jpq), ostrich (Ost), and turkey (Tky) OTrfs, while verifying the conventional
knowledge of Chi OTrf, in order to obtain knowledge that will contribute to the
determination of appropriate thermal processing conditions for each type of poultry.

In Chapter 1, the molecular characteristics of OTrfs obtained from database
information were summarized and compared among poultry. The results showed that the
poultry OTrfs were roughly similar in their structure as the same transferrin family.
However, the differences in amino acid sequences suggest some differences in
intramolecular ionic bonds, hydrogen bonds, hydrophobic bonds, and other bonds, as well
as differences in secondary structure. These differences and similarities provided
important basic information for comparative studies of structural changes such as

aggregation and insolubilization due to denaturation and intermolecular interactions. In



addition, preparation method of large quantities of highly purified OTrf was optimized
for poultry eggs to obtain sufficient amounts of the poultry OTrfs needed since this study
consumes purified OTrfs on a gram-by-gram basis.

In Chapter 2, the thermal stability of poultry OTrfs was comparatively analyzed in
terms of thermal denaturation temperature and thermal aggregation. The intermolecular
interactions of OTrfs during thermal aggregation were also analyzed. The thermal
denaturation temperatures shown as Tmpsc at pH 4, 7, and 9 by differential scanning
calorimetry (DSC) were not significantly different between Chi OTrf and other poultry
OTrfs, and the difference was around 3°C. Similar results shown as Tmpsr were obtained
by differential scanning fluorimetry (DSF). Next, the thermal aggregation properties of
poultry OTrfs were compared under various conditions. As a result, varied combinations
of heating temperatures and heating times leading to thermal aggregation of poultry OTrfs
at acidic, neutral, and alkaline pH were clarified in detail, and the differences in thermal
aggregation properties among the poultry were thus revealed. The nature of
intermolecular interactions in the thermal aggregation of poultry OTrfs was analyzed by
SDS-PAGE analysis and determination of SH groups. The results suggested that at the
poultry OTrfs may not have been thermal-aggregated at pH 2 due to the hydrolysis into
low molecular weight components. SDS-PAGE analysis of thermal-aggregated poultry
OTrfs under non-reducing conditions revealed only monomers, suggesting that
intermolecular S-S bonds were not involved in the aggregate formation and that
hydrophobic bonds contributed significantly to the aggregate formation. In the case of
poultry OTrfs aggregates at pH 7, 8 and 9, they were detected as monomers by SDS-
PAGE analysis only under reduction, indicating that intermolecular S-S bonds are
involved in polymer formation in addition to hydrophobic bonds. In the case of Ost OTrf
at pH 4, which did not aggregate even at high temperatures and long heating times, strong
electrostatic repulsion due to a higher isoelectric point than other fowl is assumed to be
the main cause of solubility, while in the case of Ost at pH 8 and Duk, Jpq and Tky OTrfs
at pH 9, polymers involving intermolecular S-S bonds in addition to hydrophobic bonds
were found to be generated even in solution. Tracing the amount of SH groups in the
thermal-treated solution yielded results that supported the formation of intermolecular S-
S bonds as revealed by SDS-PAGE analysis. In conclusion, comparative analysis of the
thermal stability of poultry OTrfs were performed in terms of thermal denaturation
temperature and thermal aggregation. The results showed that the thermal denaturation
temperatures at pH 4, 7, and 9 by DSC analysis were not significantly different between
Chi OTrf and other poultry OTrfs. Similar results were obtained in the DSF analysis,

indicating that the DSF method can be used to monitor the thermal denaturation of OTrfs.



The similarity in the thermal denaturation temperature of OTrfs among poultry suggested
that the pasteurization method used for chicken eggs may be applicable to other poultry
eggs. Furthermore, the details of the thermal aggregation conditions of poultry OTrfs: the
combinations of heating temperatures and heating times at various acidic, neutral and
alkaline pH, revealed differences among poultry OTrfs in the thermal aggregation
properties, in contrast to the similarity of the thermal denaturation temperature. This
suggested that it was necessary to set the appropriate thermal processing treatment
conditions for each poultry according to its purpose.

In Chapter 3, the effects of various metal ions on the thermal stability of poultry OTrfs
were compared. The intermolecular interactions of OTrf upon heating were also analyzed.
The effect of Fe** ions on Tmpsr of various poultry OTrfs was compared by DSF analysis.
The results showed that the effect of Tmpsr increase was greater than 20°C in all poultry,
and there were no significant differences among poultry. The temperature increase in
OTrfs was similar to the effect of diatomic Fe binding to OTrf reported for Chi, suggesting
that diatomic Fe binding occurred in other poultry OTrfs as well. The results of DSC
analysis under the same experimental conditions as those of DSF analysis showed almost
the same values, confirming the validity of DSF analysis even in the presence of Fe*" ions.
DSF analysis was performed in the presence of Mn?*, AI**, Mg**, Ca?*, Co*", Ni**, and
Zn*" ions in addition to Fe*" ions to clarify the rise effect of metal ions on the denaturation
temperatures of poultry OTrfs. In all poultry OTrfs, including Chi, the rise effect was
more than 14°C in the presence of Mn?" ions, about 10°C in the presence of Al** ions,
and about 3-5°C in the presence of Co?" and Zn** ions. On the other hand, other metal
1ons did not increase the thermal denaturation temperature in some poultry species. Next,
the effects of Fe*" and AI*" ions on thermal aggregation (95°C) of OTrfs were examined.
OTrf with Fe** ions at pH 8 or pH 9 showed less aggregation and insolubilization than
Fe**-free OTrf in all poultry, indicating the inhibitory effect on thermal aggregation. In
particular, the solubility of Gui and Tky OTrfs at pH 9 was about 70% higher than that in
the Fe’" ion free condition, indicating a remarkable inhibitory effect on thermal

aggregation. In the presence of AI**

tons at pH 9, a slight inhibitory effect on thermal
aggregation was shown in the case of Gui and Tky OTrfs. The intermolecular S-S bonds
in addition to hydrophobic bonds were found to be involved in the formation of OTrf
polymers in the thermal aggregates of poultry OTrfs and in the solutions after heating. In
conclusion, the thermal denaturation temperature of poultry OTrfs in the presence of
various metal ions including Fe*" ions and the rise effect of metal ions on the thermal
denaturation temperature were clarified, indicating that efficient sterilization treatment is

possible by the addition of highly effective metal ions. The aggregation properties of



poultry OTrfs were examined under various thermal conditions in the presence of Fe3*
and AI’* ions, which are highly effective in increasing the thermal denaturation
temperature, and the results showed that the presence of Fe** and AI** ions inhibited
thermal aggregation although the effects differed depending on the poultry OTrfs. This
suggests that the addition of Fe and Al salts to poultry eggs enables thermal processing
with controlled thermal aggregation, and the development of new processed foods

utilizing this property is expected.
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