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Abstract: In the review of total phenolic contents (TPCs) of acacia, lime, and chestnut honey samples from several literature sources, large
differences were noticed, which cannot be attributed only to seasonal or geographical variations. The dependence of TPC on the process of
construction of the calibration line is illustrated in the measurement of acacia, lime, and chestnut honey types from Croatia and neighbouring
countries (Serbia, Italy, and Hungary). TPCs are determined for 39 uni-floral honey samples by four calibration lines and four TPC values are
obtained for each honey sample. Obtained results are compared mutually, as well as with the literature results for honey samples of the same
type. For each honey type, the average of all determined TPCs determined in this study is in the middle of literature values. The average TPC
values for chestnut honey samples were found to be 1.5 and 3 times higher than those for lime and acacia, respectively. The effects of two
factors regularly considered in the determination of calibration lines are analyzed: (1) the concentration range of the standard chemical and
(2) whether the calibration line is drawn through the origin, or not. The final results strongly depend on these two factors that should be

considered in future TPC estimations.
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INTRODUCTION

ONEY has been used since the earliest times as natural

food produced by honeybees (Apis mellifera L) from
the nectar of blossoms or exudates of trees and plants. It is
recognized that honey has various biological properties!]
contributing beneficially to the health of human organisms.[2
The contents of minerals and natural chemicals in honey
depend on various factors such as the season conditions,
floral type, geographical origin, or storage, and processing
conditions.>5] The focus of most analyses of honey content
is mainly concentrated on the content of polyphenols, which
is measured as the total phenolic content.lé7] Polyphenols
are natural phytochemical products of secondary plant
metabolism having diverse biological effects, such as anti-
inflammatory, anti-carcinogenic, and anti-atherosclerotic

effects, as a result of their antioxidant activity!!! or ability to
modify cellular signalling pathways.l2 Among polyphenols
present in honey, flavonoids and phenolic acids are identified
as the most important groups of components showing
antioxidant activity.[®7] Higher content of polyphenols in
honey and other natural food products raises their nutrit-
ional quality and, consequently, could increase the honey
market price. The composition of phenolic compounds in
honey is influenced by floral sources of honey, seasonal and
climate factors, and processing and storing conditions. The
content of nectar of individual plant species in honey varies
depending on the type of vegetation, the flowering period of
plant species, as well as the time when the beekeeper
produced the honey. Absolute uni-floral honey does not exist
and, therefore, the chemical composition and organoleptic
properties between honey samples can vary significantly.
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There are different methods used for the deter-
mination of the content of total polyphenols, and the
identification of the presence of a polyphenol (flavonoid or
phenolic acid) in honey samples.[® The aim of this study is
to determine the total phenol content (TPC) in three groups
of honey samples from South-Eastern European countries
(Croatia, Serbia, Hungary, and lItaly) using the spectro-
photometric method based on the Folin-Ciocalteu
reagent.l®] TPC of honey has been predominantly deter-
mined by spectrophotometric methods that are simple,
fast, and cost-effective. These methods are not selective,
likely providing overestimated values, especially when
using crude honey.[1%11 The most common method for TPC
estimation is based on a modification of the Folin-Ciocalteu
procedure,12-151 which is very unspecific. The first work that
applied the procedure of determining TPC in biological
samples such as honey samples is the work of Meda et al.[26]
Later, Beretta et al. recognized the need for the standard-
ization of measurements of antioxidant properties of honey
by a combination of spectrophotometric/ fluorimetric
assays and chemometrics analysis,[*”) and this modification
was also used by Bertoncelj et al.l®l These two mentioned
studies(’617] are frequently used and cited by researchers,
and it is also evident that they have been predominantly
used for TPC measurements of honey samples. The reasons
for large variations in TPC values can be different, such as
seasonal variations, regional origin, honey storage
methods, the correctness of analysis, etc. Analysing the
results of measurements of TPC values of honey samples,
we noticed that the procedures for constructing calibration
lines are insufficiently well described in works measuring
TPC of honey samples — where usually scanty!®16.17] or even
no data are given.!'8 On the other hand, it is known from
statistical analysis that TPC values estimated from the
calibration line can vary significantly depending on the
procedure (protocol) used in its construction.

However, by literature overview, we noticed that the
TPC values of honey samples vary significantly, even though
they come from the same country or region. The reasons
for high variations in TPC values can be different, as
mentioned above. By the analysis and literature overview
of measurements of TPC values of different honey samples
we found that:

(1) procedures used for construction of calibration
line have not been sufficiently well described in studies
measuring TPC honey samples where scanty data are
usually given,6:1617] and

(2) TPC values can vary considerably depending on
how the calibration curve/line is constructed.

In this paper, we present the results of analysis of
variability of readings of TPC value that can occur in two
cases: (1) when the calibration line is determined so that it
passes through the origin, and (2) when the line is

constructed in such a way that it does not have to pass
through the origin (i.e. has a constant term). The
dependence of variation of TPC values on these two
mentioned factors was investigated in measurements on
uni-floral samples of acacia, lime, and chestnut honey.
Doing so, we minimize the influence of floral origin
variation that can be much larger in cases of multi-floral
honey samples. The results obtained in this analysis on uni-
floral honey samples indicate the importance of this issue,
and the need to provide detailed data and precise
information on the process of determination of TPC values
(in general — for all samples). Moreover, all important
details related to the construction of the calibration line
used in the determination of TPC values and its complete
equation should be provided.

MATERIALS AND METHODS

Honey Samples

Three groups of samples of Apis mellifera honey obtained
directly from beekeepers from different regions were
acquired in the South Europe (Northern Italy, Hungary,
Croatia, and Serbia) region in 2017. There were 19 samples
of the acacia type, 12 chestnuts, and eight lime. Before and
during the analyses, all samples were stored in glass
containers in the dark at room temperature.[*] Pollen and
organoleptic analysis of samples were carried out as a part
of the competition organized by the Association of
Beekeepers of Slavonia and Baranja "Radilica" from Osijek
as a part of 9th international and 11th regional competition
in Osijek in August 2017 (https://www.hgk.hr/county-
chamber-osijek/ days-of-honey-in-croatia-announcement).
All honey samples were received from July 25 to August 5,
2017, and performed chemical analyses in the period from
September 1 —20, 2017.

Determination of Total Phenolic Content

Samples were prepared according to the slightly modified
method proposed by Meda et al.l*t] Each honey sample
(15 g) was mixed with 15 ml of ultrapure water, homogen-
ized by vortex mixing, transferred to a 50 ml volumetric
flask, and filled with ultrapure water. This solution (0,1 ml)
was then mixed with 1 ml of 10 % Folin-Ciocalteu reagent
(Kemika, Zagreb, Croatia) for 5 min and 1 ml of 75g/L
sodium carbonated (Na,COs) (Kemika, Zagreb, Croatia) was
then added. The reaction was carried out in a dark place at
room temperature. After incubation at room temperature
for 2 h, the absorbance of the reaction mixture was
measured at 750 nm against a methanol blank. Three
parallel absorbance-concentration determinations for
each sample were averaged and taken as the final result.
TPC values of honey samples were expressed in mg of
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gallic acid (GA) per kg of honey (GAE, Gallic Acid Equi-
valent) using the GA calibration line in the range (0 — 400
mg/L or 0—200 mg/L).

Statistical Analysis

Data and correlation analysis and line-fitting have been
done by the Microsoft Excel program. All figures, as well as
the calibration line determination and verification, were
created by the Origin program (OriginLab Corp.,
Northampton, MA, USA). In the calibration analysis, only
linear function (a first-degree polynomial, i.e. a straight
line) was considered, since the relationship between gallic
acid (GA) concentrations and absorbances is linear in the
interval 0—250 mg/L,[*1 but also larger intervals of linearity
0 — 500 mg/L[*8 and 0 — 1000 mg/L have reported.[1°]

The GA concentration interval used for the
determination of the calibration line with the number of
replications has been commonly reported in the
literature.[5615211  Only sporadically, the correlation
coefficient (r) or its square has been given in the literature
as a statistical measure of the quality of fitting between the
absorbances and the corresponding GA concen-
trations.[17.191 The quality of the fit of data by calibration
lines is expressed by the correlation coefficient (r) and the
standard error of estimate (S), which is the root mean
squared error between the absorbances calculated by the
calibration line and the corresponding experimental
absorbance values.

RESULTS AND DISCUSSION

Construction of TPC Calibration Lines

TPC values were measured for 39 honey samples by the
described protocol that is a slight modification of the one
introduced by Meda et al.[*6] In order to obtain a stronger
absorbance signal for the least active samples (acacia), the
TPC determination was performed from 15 g of honey
samples instead from 5 g as in the original method.[*6! For
each sample, four TPC values are estimated each time using
one of four GAE calibration lines. Two calibration equations
(lines) were determined, giving the relationship between
the concentration (x-axis) and the absorbance (y-axis) of
GA. The first applies to the concentration interval 0.02—-0.2
g/L (20—200 mg/L) and the second to the interval 0.04—
0.4 g/L of GA. Furthermore, for each interval the
calibration line was determined in two ways:

(1) the equation of the straight line is determined
without limitation and may have an intercept (/) on the
y-axis of the general form y = kx + /, and

(2) provided that the straight line have to pass
through the origin (i.e. that the line has no intercept on the
y-axis: y = kx).

Thus, four calibration lines are determined, and each
of which was applied to estimate the GA equivalent TPC
value of the honey sample (expressed as mg of GA/kg). We
obtained these two equations for the GA concentration
interval 0.02 - 0.2 g/L (Egs. (1) and (2)).

y =5.2903x + 0.036

_ _ (1)
r = 0.9995, S = 0.104

y =5.5474 x

()
r = 09995, S = 0.201

The position of both calibration lines relative to the
points defined by the experimentally measured absorb-
ances and the concentrations of gallic acid (Table S1,
Supplementary information) is shown in Figure 1. From the
mutual position of these lines, one can see that the
differences are the largest at both ends of the
concentration interval being minimal in the middle.

It looks like both lines are equally good. Namely,
both Egs. (1) and (2) have very high correlation coefficients
(r > 0.9995). The information on almost identical and very
high correlation coefficients can be misleading, and this is
the only parameter (or its square) given in the literaturel’-
201 with the calibration lines as an indicator of fitting quality.
Although, we can see from Egs. (1) and (2) that the
differences of standard errors of estimate S are much larger
(0.104 for Eg. (1) vs 0.201 for Eg. (2)), indicating that the
calibration line having y-intercept is the better one (i.e.
more accurate comparing with experimental values).

Further, equations of two calibration lines for the
estimation of the GA equivalent TPC value from the
measured absorbance of the honey sample (mg GA/kg of
sample), established in the wider GA concentration interval
0.04-0.4g/L(4-400mg/L), are given by Egs. (3) and (4):

absorbance
o
(o2}
1

e
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1

(=)
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1

0.0+ T T T T T T T T T T 1
0.00 0.02 0.04 0.06 008 010 0.12 014 0.16 0.18 020 0.22

¢, concentration of GA (g/L)

Figure 1. Gallic acid calibration lines in the concentration
range 0.02—0.2 g/ L. Solid straight line corresponds to Eq. (1),
and the dotted line is for Eq. (2).
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207 information on the honey floral origin, producer, and
87 country are also listed for each sample in Table S2, as well
167 as the range of TPC values for each honey floral type.
47 Scattering of TPC values (mg GAE/kg honey) for acacia,

§1'2' chestnut and lime honey samples determined using four

§ 07 calibration lines given by Eqgs. 1 — 4 are shown in Figures S1,

2087 S2 and S3, respectively (Supplementary Information). Mean
%7 TPC values and the corresponding standard deviations
41 determined in this study are summarized in Table 1 and
2(2; given (separately) for each type of honey.

T T T T T T
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
¢, concentration of GA (g/L)

Figure 2. Gallic acid calibration lines in the concentration
range 0.04—0.4 g/ L. Solid straight line corresponds to Eq. (3),
and the dotted line is for Eq. (4).

y = 5.1898 x — 0.0642

3)
r=0.9993, S = 0.025

y =4.9604 x

_ _ (4)
r= 09995 S = 0.039

These calibration lines are given and their mutual
position is shown in Figure 2. For each GA sample, three
measurements of GA absorbances and their average value
are given in Table S1 (Supplementary Information). Similar
to the calibration lines shown in Figure 1, the correlation
coefficients are very similar (i.e. almost identical), while
there is a significant difference between the standard
errors of the lines given by Egs. (3) and (4).

It can be seen that the differences between these
two calibration lines are larger at the lower range of
concentrations. Also, the differences at lower concen-
trations are larger in Figure 2 than between calibration lines
in Figure 1 that are constructed on a narrower GA
concentration interval 0.02 — 0.2 g/L. This finding indicates
that a larger difference will be observed between
estimated TPC values using these two lines at lower
concentrations. Because of that, the comparisons between
TPC measurements made in different laboratories for the
same honey samples will differ significantly when
estimated TPC values are lower (i.e. when read at lower
sample concentrations).

Measurement and Determination of
Total Phenolic Content

The influence of concentration intervals and types of
calibration (straight) lines on the estimated TPC values of
39 honey samples was analysed. For each honey sample,
four TPC values are estimated using calibration lines given
by Egs. (1 —4). These TPC values, together with the corresp-
onding absorbance values determined in triplicate, are
given in Table S2 (Supplementary Information). The

Additionally, in the second part of Table 1 the
corresponding TPC values from literature are given for the
same honey types (acacia, chestnut, and lime) and for
samples originated from Croatia and Italy that are included
in our study. Furthermore, we add in Table 1 TPCs of
samples originated from neighbouring countries (Slovenia,
Romania, Czechia, and Turkey). In such a way the
differences in TPC values due to the floral and regional
variation of honey samples are minimized. Our measure-
ments for three types of uni-floral honey samples are
consistent and show no significant variation regarding the
regional (country) origin of individual samples (see
graphical illustration in Figures S1-S3). A possible impor-
tant reason is that all measurements were carried out in the
same laboratory, and the conditions for collecting and
analysing samples were well defined and performed in a
short period of time. Otherwise, comparisons between
studies done on samples from the same country (or
between countries) are regularly based on studies
completed in different laboratories, which may apply
different approaches in the construction of calibration lines
leading to larger deviations.

Generally, significant variations of the corresponding
TPC values read from four calibration lines were observed
for each sample, and between mean values and standard
deviations for samples of the same floral origin (Table 1 and
Table S2). An even larger scattering of TPC values is evident
between the literature data and the results of this study.
More detailed inter-dependencies of determined TPC
values and their comparison with TPC values from the
literature are described below.

The total phenolic content of honey has been largely
determined by spectrophotometric methods that are
simple, fast, and cost-effective. This method is not suitable
for the analysis of crude honey because, in such a case,
overestimated values would be obtained. The most
common method for TPC estimation is based on a
modification of the Folin-Ciocalteu procedure.[!6] The TPC
values based on the method that used Folin-Ciocalteu
instead of the Folin-Denis reagent and gallic acid as the
reference standard are less dependent on fluctuations and
interference of non-phenols, and they are directly
comparable to the "tannin" values obtained by the former

Croat. Chem. Acta 2020, 93(4), 367-375
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Table 1. Total phenolic contents determined in this study and those reported by different groups in the literature for the

same types of honey, all given as GAE (mg GA/kg honey)

Acacia Chestnut Lime
Reference mean + SD (n)@ mean + SD (n)@ mean + SD (n)@ Country
or min —max (n)® or min —max (n)@ or min —max (n)®
Our results 1 186 + 36 (19) 561+114(12) 382 +108 (8) Cro/Ser/Hun/Ita
Our results 2() 199 + 34 (19) 557 +109 (12) 386 + 103 (8) Cro/Ser/Hun/Ita
Our results 3@ 171 +36(19) 554 +117 (12) 371+110(8) Cro/Ser/Hun/Ita
Our results 4t 222 +38(19) 623 +122 (12) 431+115(8) Cro/Ser/Hun/Ita
[17] 55.2+2.38 211.2+55 Italy
[22] 113+5.6 (3) 194.6 +11.7 (3) Italy
[21] - 129-213 (15) 66.2—121 (10) Croatia
[23] 0-142.2 (29) 180.0 —292.3 (8) Croatia
[24] 216.1+6.3(3) 430.9+26.8(3) 408.8+10.5(3) Croatia
[6] 44.8 +14.8 (10) 199.9 £ 31.1 (10) 83.7+£14.3 (10) Slovenia
[25] 20 -390 (10) 160 — 380 (4) Romania
[19] - - 80.7 +145.1 (4) Czech
8] 160.2 + 27 982.6+177.7 (7) 412 £41(3) Turkey
[26] 191.1 (3) 976.6 (3) 621 (3) Turkey

(@ Mean value and standard deviation (SD) of total phenolic content (TPC) values calculated for n honey samples. In the second part of Table 1, in addition to
mean = SD, in some cases min — max values are given. The number of honey samples measured is given in the parenthesis, when it was reported in a

study/reference.
(b

(e TPC values determined using Eqgs. (1—4), respectively.

standard method.l®! Therefore, this method has become
frequently used in analyses of TPCin biological samples and
has been very often cited in the literature.[®13.271 TPC
determination has been complemented by other methods
capable of identifying individual polyphenolic compounds
in samples that require calibration procedures based on
chemicals as standards.[2829] The aforementioned method
has been regularly used in analyses of TPC in honey
samples, especially after works of Meda et al.l] and
Beretta et al.,['”] for TPC changes,2% but also in analyses of
other samples of plant origin or food products (fruit nectars
and juices) with more detailed description of calibration
process.[31

In several studies, interference analysis of com-
pounds other than polyphenols on TPC measurements was
performed.32 Thus, a low presence of chlorophyll (i.e. very
weak peaks at 690 nm) was detected in several honey
samples.33] However, chlorophyll and other non-phenolic
compounds that could interfere with the determination of
absorbance in the measurement of TPC in honey samples
using the FC method are present to a lesser extent.34 In
addition, their contents (such as the percentage of sugarin
honey) are approximately uniform and possibly
proportional to TPC values in all types of honey, and the
determination of the TPC of all honey samples could be
influenced roughly equally. The variation of this
undetermined contribution is too small to explain the large

TPC values determined by the use of the calibration line given in Eq. (1) where y denotes the absorbance and x is the concentration of gallic acid.

variations in honey samples published intensively over the
last 15 years, especially the recent ones (Table 2). Thus, the
absorbance measured by the FC method at 750-765 nm
corresponds essentially to the total antioxidant potential of
the analysed sample.3234 This is also confirmed by the high
values of the correlation coefficients between the TPC
values of 31 plant samples and the antioxidant activities
measured by four antioxidant capacity methods which
showed the values of 0.94, 0.97, 0.83, 0.91 and 0.85 for
DPPH, ABTS, ORAC, FRAP and SOD tests, respectively.!34
Even higher and more significant correlations between TPC
and FRAP (r = 0.97) and the DPPH method (r = 0.93) were
found in the analysis of 70 honey samples from Slovenia. It
was concluded that these correlation coefficients indicate
that the antioxidant activities of these honey samples
mainly come from their phenolic content.l®! Similar results
were obtained (r values between 0.87 — 0.93) in a highly
cited study by Beretta et al.[!7] (obtained r values between
0.87 — 0.93) and an analogous conclusion was reached in
the analysis of 14 honey samples of different geographical
origin. Therefore, the FC method is considered the most
acceptable in determining TPC of samples of plant origin
and honey samples.[343]

For the same uni-floral types of honey, the differences may
be related to the different times of collection and spinning
of honey by beekeepers, the different conditions and
duration of storage, the geographical origin, as well as to
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the various equipment used and methodology/procedure
applied during beekeeping. However, the differences may
also be due to inconsistencies in the application of
standardized measurement methods.[!”] Also, some
authors stated that they modified the TPC measurement
method, but without specifying exactly which part of the
protocol has been changed.['”! Also, in constructing the
gallic acid calibration line, some authors used the interval 0
—200 mg/L (Figure 1)626] while others used 10 — 250 mg /L
(17) or 0 — 400 mg/L (Figure 2)l1320] or even larger
intervals.l'819 Very large variations of TPC of uni-floral
honey samples in the literature are evident from Table 1.
Because of that, and aiming to contribute to the
standardization of TPC measurement, we analysed in this
study the influence of the calibration concentration range
and the procedure used to establish the calibration line on
the TPC of uni-floral honey samples.

The GAE TPC in honey samples were determined
using calibration lines in the GA concentration ranges
0.02-0.2g/L(Egs. (1) and (2), Figure 1) and 0.04-0.4 g/L
(Egs. (3) and (4), Figure (2)). In both concentration ranges,
one calibration line is determined in free form containing
the intercept (Egs. (1) and (3)) and forcing the line to pass
through the origin (Egs. (2) and (4)). The slopes of these
lines are very similar, but are closer in equations (1) and (2)
which were determined in a narrower concentration range.
The latter approach (i.e. the calibration line through the
origin) is recommended in a very frequently cited paper by
Molyneux!3¢]  that provides an overview and
recommendations for calibration procedures in the study
of biological activity of chemical compounds being anti-
oxidants. Namely, he recommended that the origin (0,0)
should be taken as multiple experimental points. Following
the standard practice, the instrument is zeroed with solvent
in a matching cuvette for each sample reading.
Furthermore, Molyneux3¢ stated that when calibrating the
spectrometer with solution only (when the sample
concentration is 0), the absorbance value will be 0. This
procedure should be repeated once for each sample
absorbance reading. The final suggestion was to force the
linear regression line pass through the origin (with the
constant being equal to 0).13¢] Thus, the calibration line will
have the form equivalent to the standard form of Beer-
Lambert relationship (Eq. (5)):

Absorbance =eclL (5)

where € is the extinction coefficient (properties of the
solvent and sample), c is the solute concentration (mol/L),
and L is the path length (conventionally, 1 cm).[% However,
this is not accepted as the only correct approach. In the
literature related to the measurements of TPC honey
samples it has not usually been specified that the
calibration lines are constructed in such a way.

The correlation coefficients for all these equations
are very similar, with the differences in the fourth decimals.
Having in mind that this is the main quality parameter given
for calibration line in the literature, we see that this is not a
suitable/useful criterion since it cannot be used to select
the best line among several possible ones. The standard
error of estimate (S) given for each calibration line is shown
to be a much more sensitive parameter. Moreover, the
standard errors of the calibration line passing through the
origin (Egs. (2) and (4)) are ~93 % and 56 % (respectively)
larger than for the corresponding lines that do not pass
through the origin (Egs. (1) and (3)). From these results, one
can see that the calibration lines passing through the origin
are not statistically optimal, and cause larger errors and
constant or linear shifts. Such a shift is considered in the
calculation of S, but not in the formula for r. This is
consistent with the conclusion from the literature,3”]
where it was illustrated that the correlation coefficient is
insensitive to a constant (or linear) shift between sets of
correlated values (variables). These results show the need
for the calculation and reporting in the literature the
standard error related to each calibration line - as a more
sensitive criterion of the fitting quality. Based on this
analysis, we can conclude that a more reliable calibration
line is the one described by a complete equation (Eq. (1) or
Eq. (3)) containing a constant term (i.e. the intercept on the
y-axis) because the standard error of estimate in fitting is
lower in such a case.

By determining the concentration using these
calibration lines, different TPC values are obtained. Com-
paring mean TPC values (determined separately for each
honey floral-type) calculated using the calibration line
without the constant term (y-axis intercept) (Egs. (2) and
(4)) with the corresponding line containing the constant
term (Egs. (1) and (3)), it is clear that the former give higher
TPC values (Table S2). The only exception is the calibration
line for chestnut in the concentration range of 0.02 — 0.2
mg/L. The differences in TPCs are much (several times)
larger when a wider concentration range of 0.04 — 0.4
mg/L is used for the construction of calibration lines, i.e.
between TPC values read from the Egs. (3) and (4). On the
other hand, the differences between maximal and minimal
values determined by calibration Eq. (1) are higher than
those determined by Eq. (2), and it is valid for TPC values
for each of the three honey floral-types considered.
However, mentioned finding is the opposite for wider
concentration intervals (Eq. (3) and Eq. (4)), i.e. wider
intervals of TPC values are obtained by using Eq. (4) for each
honey floral type.

Taking a larger amount of honey in measurements,
higher absorbance is also obtained. It is evident from Figure
1, and especially from Figure 2, that the calibration line
becomes nonlinear at minimal and maximal concentrations,

Croat. Chem. Acta 2020, 93(4), 367-375
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Table 2. Total phenolic contents reported recently by different groups in the literature given in original units, and expressed as

GAE (mg GA/kg honey)

TPC, mg GA/kg

Ref. min — max (1) in original units® honey type! Country
This study 171-623 (39) - aca/lim/che Cro/Ser/Hun/Ita
(38) 200 - 1000 (7) - different Italy
(38) 200 (1) - acacia Italy

(39) 755.2 —2452.2 (8) 75.52 -245.22 mg GA/100g different Morocco
(40) 44 - 660 (12) 4.4 —66 mg GA/100g different Serbia
(40) 160 - 880 (7) 16 —88 mg GA/100g different different
(41) 16.3-419.3 (64) - different India
(41) 98.2 —432.91 (20) - different Yemen
(42) 0.01215-0.02645 (3) 12.15-26.45 (3) ug GA/kg  different Malaysia
(43) 1.3-7.39(60) 0.13-0.739 mg GA/100g different Brazil

@ min — max values are given for total phenolic content (TPC). The total number of honey samples measured is given in the parenthesis.

(b

The values and in units as it was reported originally.
(© aca = acacia, lim = lime, che = chestnut

resulting in GAE concentration reading error. Such an error
can lead to errors in TPC readings caused by the use of
calibration lines like those given by Egs. (1 —4)). Therefore,
it is recommended (if possible) that the sample absorbance
is not at the ends of the range of gallic acid absorbances
used in determining the calibration line.

Comparison with TPC Values from
the Literature
From the analysis of the measured TPC values in Table 1, one
can notice significant differences for the same type of
honey, and that the differences do not depend on the
country of honey origin. The mean TPC value for acacia
determined by four calibration lines on 19 samples in this
study is 194.5 mg GAE/kg, while other results from the
literature listed in Table 1 (corresponding to honey samples
from regions close to Croatia, Serbia, Hungary and Italy) are
in the range 55.2 — 390 mg GAE /kg. For chestnut and lime,
mean TPC values of 573.8 and 392.5 mg GAE/kg
(respectively) are determined, and the corresponding
literature results from Table 1 are between 129 and 982.6
mg GAE/kg (chestnut) and 66.2 to 621 mg GAE/kg (for
lime). We obtained that the mean TPC values are the
highest for chestnut honeys. The average TPC value for
chestnut is approximately 1.5 and 3 times higher than that
for lime and acacia, respectively. From these TPC values
and their ranges, it is evident that our results are
approximately in the middle of the literature ranges for
each of the three analysed honey floral types. Evidently, the
values from the literature differ greatly, and the ratio of the
highest and the lowest TPC values for honey samples from

the literature listed in Table 1 is usually about 10. As
mentioned above, one of the reasons could be the
calibration process, but also other reasons such as the
storage conditions of honey, botanical or geographical
origin, etc.3% Namely, in analyses of TPC changes during
storage of honey very high variations were observed (for a
factor of approx. 10) during storage of one year - according
to the study by Sari¢ et al.3% (as presented in Table 2 on
page 12).

Additionally, we compare our results for acacia, lime
and chestnut honey with some other studies, regardless of
their floral-type or regional origin (Table 2).

TPC values obtained in this study by considering four
calibration lines and three honey types agree well with
TPCs from most of the studies!3-411, However, the range of
TPC values from this study differs drastically from those
given in two recent studies (from 2021) that provide results
for honey samples from Malaysia and Brazil. In these
cases, this may be an error in the calculation of units of
measurement in which the TPC values are reported. This
situation is more confusing because these two studies
from papers 42431 were published in the same year (2021)
and the same reputable journal as the two previous stud-
ies 14041 whose values are (mostly) in agreement with the
results obtained in this paper, as well as with those from
other studies 3839 whose TPC values are given in Table 2.
Finally, this case/situation also points to the need to (1)
refine standard procedures for determining TPC in samples
of plant origin, including calibration line construction
procedures, and (2) specify the description of procedures
in the literature.
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CONCLUSIONS

The Follin-Ciocalteu method is based on the oxidation of
phenolic group with phosphomolybdic and phosphotun-
gstic acid and it is relatively sensitive. Also, TPCs in herbal
and honey samples of the same origin can vary greatly for
many reasons, as illustrated in this study on several uni-
floral honey samples from the literature (Table 1).

To make possible more strict comparisons of TPCs
between different studies, the determination of TPC by the
Folin-Ciocalteau method should be described with more
precise details, so that the experiments can be reproduced
by others. It is also necessary to specify precisely the location
of honey, the period and conditions of storage, the time of
honey production, improve the accuracy of floral origin
detection, etc. All these and other factors, such as the form
of the calibration line and the range in which it is determined,
can influence the estimated TPC value of honey. By preparing
gallic acid calibration lines in the ranges 0 — 0.2 mg/L or
0 — 0.4 mg/L, it was shown that higher or lower TPC values
are obtained. Furthermore, an additional variation of TPC
was detected depending on whether the calibration line
passes through the origin (0,0) or not. Although the
differences between the calibration lines in Figures (1) and
(2) appear to be very small, we have shown that the
differences in the TPC values of 39 honey samples are notice-
able. However, consistent TPC values of acacia, chestnut and
lime honey samples were obtained, showing that chestnut
honey contains (on average) 3 times more polyphenolics
than acacia, and 1.5 times more than lime, which is con-
sistent with the vast majority of results from the literature.

The number of gallic acid samples and the range of
concentrations used to construct of the calibration line
should be adjusted in such a way that all absorbances are
between the minimal and maximal values of gallic acid used
for the determination of the calibration line. Moreover, it is
recommended that the absorbances of honey samples
should be closer to the middle of the calibration range and,
if possible, be away from the end values. Formulae used for
estimating TPC values from the calibration line should be
given together with gallic acid concentrations and measured
absorbances, statistical parameters of calibration line
determined and other details needed for the computing
units of TPC (mg GA/kg, mg GA/g or mg GA/100 g).

The standard error of estimate in fitting ascribed to
a calibration line is a more sensitive indicator of its quality
than the correlation coefficient (r). It is recommended that
S should be given for the calibration line used for the
estimation of TPC. Moreover, it is easy to generalize and
conclude that the same is valid for all other similar
estimates and analyses that require a calibration line. To
avoid other possible mistakes and to enable reproduction
of TPC measurements, it is suggested to give (e.g. in
supplements of published papers) in research studies all

measured absorbances and concentrations used in
computing the TPC and in determining the calibration line.
By that data given in research studies, other researchers
could re-calculate the calibration line in the way they
consider the most appropriate and use it for re-estimation
of honey TPC values to perform comparative analysis.
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Table S1. Concentrations and absorbances of Gallic acid used for the determination of calibration lines

a) the range of concentrations 0.02 — 0.2 g/L

concentration (g/L absorbance-1 absorbance-2 absorbance-3 absorbance_average
1 0,02 0,126 0,127 0,126 0,1263
2 0,04 0,246 0,242 0,244 0,2440
3 0,06 0,361 0,355 0,358 0,3580
4 0,08 0,461 0,473 0,467 0,4670
5 0,1 0,569 0,566 0,567 0,5673
6 0,12 0,681 0,693 0,687 0,6870
7 0,14 0,778 0,781 0,779 0,7793
8 0,16 0,888 0,888 0,888 0,8880
9 0,18 0,982 0,983 0,982 0,9823
10 0,2 1,077 1,083 1,080 1,0800
b) the range of concentrations 0.04 — 0.4 g/L
concentration (g/L absorbance-1 absorbance-2 absorbance-3 absorbance_average
1 0,04 0,120 0,131 0,130 0,1305
2 0,08 0,323 0,350 0,348 0,3490
3 0,12 0,568 0,563 0,567 0,5650
4 0,16 0,773 0,774 0,772 0,7730
5 0,20 0,981 0,962 0,970 0,9660
6 0,24 1,199 1,157 1,165 1,1610
7 0,28 1,598 1,355 1,362 1,3585
8 0,32 1,809 1,539 1,510 1,5245
9 0,36 1,881 1,748 1,752 1,7500
10 0,40 1,997 1,960 1,962 1,9610





Table S2. Measured TPC values, absorbances and details on calibration lines min_acacia

Honey floral type Country/region

max_acacia
mean_acacia
SD_acacia

mean_chestnut
SD_chestnut

mean_lime
SD_lime

honey sample TPC estimation 1 honey sample TPC e i honey sample TPC estimation 3 honey sample TPC estimat
TPC values for each sample are calculated
average of samplefrom calibration line (y = k-x+) using the
absorbance  formulae:
reading TPC (GAE mg/kg) = 1000-(y - D/(k-0.3)

honey sample honey sample honey sample
absorbance reading 1 absorbance reading 2 absorbance reading 3

acacia Croatia

0,298 0,328 0336 0321

acacia Croatia

0277 0,286 0,301 0,288

acacia Croatia

0373 0,382 0,381 0,379

acacia Croatia

0,264 0,268 0,266 0,266

acacia Serbia

0362 0,332 0314 0,336

acacia Serbia

037 0,339 0,364 0,358

acacia Croatia

0,501 0,501 0,507 0,503

acacia Croatia

0,282 0,292 0,299 0,291

acacia Croatia

0,392 0,376 0373 0,380

acacia Croatia

0,366 0,361 0,362 0,363

acacia Serbia

0,407 0,354 0,368 0,376

acacia Croatia

034 0341 0,333 0,338

acacia Croatia

0,306 0316 0343 0,322

acacia Croatia

0,278 028 0,283 0,280

acacia Croatia

0314 0,308 0319 0,314

acacia Croatia

OPG .Kata Grgié™

acacia Croatia

Daiel Vadas

acacia

Zoltan Tozjan

acacia

Cebelarstvo Pislak-Bali chestnut Croatia
17 (OPG , Frani¢ Davorka* chestnut Croatia
18 Dario Detkovi¢ chestnut Croatia
36 Kuca Meda chestnut Croatia
43 Damir Pilji¢ chestnut Croatia
50 Ivica Kompes chestnut Croatia
54 | Zoran Mati¢ chestnut Serbia
65 Ivan Miskovi¢ chestnut Croatia
69 [Branko Slijeptevié chestnut Croatia
71 |duraj Sveticanin chestnut Croatia
82 (OPG , Kata Grgi¢ chestnut Croatia

Apicoltura Raggiani Cristiano

chestnut

0,339 0,329
0272
0310

0,261

0314
0,272 0,274 0,269
0,305 0,327 0,297
0,212 0,277 0,293

0,334

0,92 0,886 0,912 0,906
0,848 0,854 0,838 0,847
1,367 1378 1,384 1376
0,664 0,67 0,691 0,675
1,046 1,022 1,068 1,045
0,911 0,915 0,963 0,930
0,857 0,851 0,869 0,859
0,806 0,806 0,84 0,817
0,948 0,98 0,979 0,969
0,871 0,893 0,905 0,890

OPG Fehervari Croatia
20 [Mirko Sapina lime Croatia
38 |Kuéa Meda lime Croatia
75 |Milan Kos lime Croatia
79 [OPG .Kata Grgié lime Croatia
83 [Nedeljko Barisi¢ lime Croatia
85 |Slobodan Jevii¢ lime Serbia
96 |Zoltan Tozjan lime

0,544 0,559 0,559 0,554
0,704 0,725 0,748 0,726
0,458 0,451 0,468 0,459
0,632 0,718 0,498 0,616
0,658 0,687 0,677 0,674

1,02 1,015 0,998 1,011
0,552 0,537 0,539 0,543
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Figure S1. Graphical illustration of scattering of TPC values (mg GAE/kg honey) for acacia honey
samples determined using four calibration lines given by Eqgs. 1 - 4 (open, filled, crossed and grey
marks are for TPC determined by Egs. 1, 2, 3 and 4, respectively)
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Figure S2. Graphical illustration of scattering of TPC values (mg GAE/kg honey) for chestnut honey
samples determined using four calibration lines given by Eqgs. 1 - 4 (open, filled, crossed and grey marks
are for TPC determined by Egs. 1, 2, 3 and 4, respectively)






1000

[}
900 -
800 .
700 o °
&_) [ ]
= ® o ®
600 * °
® [ ] @
1 @ [ ] @
5004 o ® ® ®
4 @ [ ]
400 - @
0 2 4 6 8 10 12
no. sample

Figure S3. Graphical illustration of scattering of TPC values (mg GAE/kg honey) for lime honey samples

determined using four calibration lines given by Eqgs. 1 - 4 (open, filled, crossed and grey marks are for
TPC determined by Egs. 1, 2, 3 and 4, respectively)





