
RSC Advances

COMMENT

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

8 
Fe

br
ua

ry
 2

02
6.

 D
ow

nl
oa

de
d 

on
 3

/1
5/

20
26

 2
:3

2:
55

 P
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
View Journal  | View Issue
Comment on “In
Department of Biology, Valdosta State Un

E-mail: jkang@valdosta.edu

Cite this: RSC Adv., 2026, 16, 9438

Received 1st December 2025
Accepted 26th January 2026

DOI: 10.1039/d5ra09287f

rsc.li/rsc-advances

9438 | RSC Adv., 2026, 16, 9438–94
sight into the interaction between
tannin acid and bovine serum albumin from
a spectroscopic and molecular docking
perspective” by W. Xu, Y. Ning, S. Cao, G. Wu, H.
Sun, L. Chai, S. Wu, J. Li and D. Luo, RSC Adv., 2023,
13, 10592

Jonghoon Kang

In an article [W. Xu et al., RSC Adv., 2023, 13(16), 10592–10599], the authors characterized the interaction

between tannic acid (TA) and bovine serum albumin (BSA) using a variety of biophysical techniques,

including thermodynamic analysis. Upon examining their reported thermodynamic parameters, we

identified an internal inconsistency: the enthalpy change (DH) was treated as temperature-independent,

whereas the entropy change (DS) was reported as temperature-dependent, a combination that

contradicts fundamental principles of equilibrium thermodynamics. In this Comment, we clarify the

source of this inconsistency by reanalyzing the reported Gibbs free energy (DG) values and applying the

appropriate thermodynamic relationships. Our analysis yields self-consistent values of DH and DS and

underscores the limitations imposed by the small number of temperature data points. We further discuss

the conditions under which heat-capacity effects (DC) can be meaningfully evaluated and recommend

future experiments that incorporate additional temperature measurements. These refinements will

enable a complete and internally consistent thermodynamic characterization of the TA–BSA interaction.
The above-cited paper (hereaer referred to as ‘the original
paper’) was published in RSC Advances by Xu et al.1 The objective
of the original paper was to characterize the interaction between
tannic acid (TA) and bovine serum albumin (BSA) using a suite
of biophysical approaches, including spectroscopic, thermody-
namic, and computational techniques. Their study provides
valuable insights into the molecular basis of TA–protein inter-
actions, particularly considering the proposed health benets
of TA, such as gastroprotection through mitigation of oxidative
and inammatory stress.2

Upon examining the reported thermodynamic data, we
identied an internal inconsistency in the analysis of the ther-
modynamic parameters. As we and others emphasized, the
correct treatment and interpretation of thermodynamic data are
essential for ensuring conceptual clarity and scientic repro-
ducibility.3,4 In this Comment, we clarify a theoretical issue that
may strengthen the original work and prevent conceptual
misunderstandings among readers.

The authors reported three parameters describing the
binding of TA to BSA: the changes in enthalpy (DH), entropy
(DS), and Gibbs free energy (DG). The inconsistency arises from
iversity, Valdosta, Georgia 31698, USA.

39
reporting DH as temperature-independent while DS is reported
as temperature-dependent. This contradicts a fundamental
theorem of equilibrium thermodynamics: if DS varies with
temperature, the heat-capacity change DC must be nonzero;
and if DC s 0, then DH must also vary with temperature.3,5,6

We rst veried the DG values using the reported equilib-
rium constant (K) via eqn (1):

DG = −RT lnK (1)

where R is the ideal gas constant and T is absolute temperature.5

The DG values were internally consistent with the equilibrium
constants, suggesting that the inconsistency originated from an
incorrect application of the van’t Hoff equation, as we discussed
previously.3

To obtain self-consistent thermodynamic parameters, we
applied linear regression to the relationship between DG and T
according to eqn (2):

DG = DH − TDS (2)

Our regression (Fig. 1) yielded DH = 105.6 ± 73.5 kJ mol−1 and
DS = 0.424 ± 0.241 kJ mol−1 K−1. These values differ substan-
tially from the DH (85.66 kJ mol−1) and DS values (0.352776,
0.082741, and 0.084759 kJ mol−1 K−1 at 298, 303, and 313 K,
© 2026 The Author(s). Published by the Royal Society of Chemistry

http://crossmark.crossref.org/dialog/?doi=10.1039/d5ra09287f&domain=pdf&date_stamp=2026-02-16
http://orcid.org/0000-0001-5594-6141
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5ra09287f
https://pubs.rsc.org/en/journals/journal/RA
https://pubs.rsc.org/en/journals/journal/RA?issueid=RA016011


Fig. 1 Gibbs free energy (DG) for the binding of tannic acid to bovine
serum albumin at three temperatures. The solid line represents the
linear fit based on eqn (2). Data visualization and regression analysis
were performed using SigmaPlot (version 15, Grafiti LLC, Palo Alto, CA).
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respectively) reported in the original study. Although these
numerical differences do not alter the authors’ qualitative
conclusion that hydrophobic interactions dominate binding—
since both analyses yield positive DS values—our clarication
improves the internal consistency of the thermodynamic
interpretation.

The relatively modest coefficient of determination (R2 =

0.756) suggests that DH andDSmay themselves be temperature-
dependent. In such cases, the appropriate expression relating
DG and T is:

DG ¼ DHref � TDSref þ DC
�
T � Tref

�� TDCln

�
T

Tref

�
(3)

where “ref” indicates reference conditions.3,6,7 However, eqn (3)
is not applicable here because the number of parameters equals
the number of available data points (N = 3). Measurements at
four or more temperatures are required for a meaningful t of
eqn (3). Under the constraints of the available data, eqn (2)
remains the only valid form.

In summary, we clarify an internal inconsistency in the
thermodynamic analysis conducted in the original paper. This
Comment is intended not as criticism but as a constructive
© 2026 The Author(s). Published by the Royal Society of Chemistry
renement to ensure accurate thermodynamic interpretation.
We emphasize the scientic value of the work by Xu et al.1 and
hope our clarication aids readers in avoiding conceptual
misconceptions. We further suggest measuring binding affini-
ties at additional temperatures, which would permit determi-
nation of DC (if nonzero) and enable a more complete
thermodynamic characterization of the TA–BSA interaction.
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