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The main benefits of honey regarding human health issue from its minor components mainly because of
their antioxidant properties. So far the studies emphasise the phenolic compounds beneficial effect related
to the antioxidant activity of honey. The aim of this study was to verify the influence of temperature and
reaction time on honey total phenol content (TPC) value determined using Folin-Ciocalteu assay. Twenty
samples of floral and  honeydew  honey were tested for total phenol content in four experimental variants:
A –at 20oC for 2 h, B -  20oC for 1 h, C -  40oC for 20 min and D -  4oC for 30 min . The comparison of A variant,
the most spread one, to the others shows that the reduction of time from 2 h to 1 h leads to non-significant
differences while the rise of temperature, even for short laps of time, reveals significant differences between
the recorded TPC values.

Keywords: honey, phenols, Folin-Ciocalteu, time, temperature

Honey is an animal origin food, but has very different
characteristics among this category of food. So, the protein
content is low, under 0.5% [1], but the carbohydrate content
is very high, over 60% according to European [2] and
Romanian regulations [3]. For this reason honey is used as
a healthy natural sweetener no matter its origin - floral or
honeydew. But the main benefits of honey regarding human
health are due to its minor components as vitamins,
phenolic acids, flavonoids and enzymes. So far the studies
emphasise the phenolic compounds beneficial effect
related to the antioxidant activity of honey [4, 5]. The
antioxidative potential of honey from different botanical
and geographical origin was reviewed including a large
database for Total Phenolic Content (TPC) [6].

The Folin-Ciocalteu spectrophotometric assay[7] is now
widely spread for the quantification of TPC in different
vegetal origin foods as fruits [8-10],medicinal plants and
spices [11, 12], tomatoes[13] or in wine[14, 15].In our
knowledge, the method was first used for honey in 2005
[16]. Since then, most researchers including the Romanian
ones [17- 20] used the same experimental conditions for
the reaction mixture regarding temperature (20°C) and
waiting time (2 h) until the absorbance of the blue phospho-
molibdenic complex is registered.

      Despite the fact that Folin-Ciocâlteu method is
applied on a large scale, the comparison of the reported
values for the same matrix, namely honey, is not always
easy to approach because of several experimental
approaches.

Besides previously named the basic method, other
variants regarding temperature and waiting time, were
applied for TPC determination in honey. Hence 60 min [21],
respectively 90 min [22] as waiting time at 200C were used
in experiments. The time is even shorter referred to 20 min
in another study [23]. There are different experiments
conducted at such short period of time [24-26], but they
cannot be compared to the others because they are
performed without using sodium carbonate. Other
researchers tried to reduce time and rise temperature in
the same time using for example 15 min reaction time at
45°C [27] or 15 min at 50°C [28].

The goal of our study was (i) to verify the influence of
temperature and reaction time on honey total phenol
content value determined using Folin-Ciocalteu assay and
(ii) to verify if the botanical origin of honey has influence in
this issue.

Experimental part
Materials and methods

The material consists in twenty honey samples from
Bihor County, presented in table 1. The samples code is the
same all over the paper content. There are seven floral
types (thirteen samples), six honeydew honey types (fir
and honeydew) and one mixed honey. The samples were
provided in glass jar of 200 – 400g, were kept in the dark at
room temperature bellow 25°C until analysed. Crystallized
honey was liquefied by gentle warming at 40°C in a
thermostatic bath.

Honey sample: a quantity exactly weighted as close as
possible to five grams was diluted in a beaker with
approximate 25 mL of distillate water and then transferred
quantitatively in a 50 mL flask. Honey solutions were filtered
prior to use. From each sample four test tubes were
prepared as follows. Over five hundred µL of filtered solution
2.5 mL of Folin-Ciocalteu reagent 0.2N was added and then
strongly mixed by vortex. After 5 min, 2 mL of 7.5% sodium
carbonate solution was added and again mixed by vortex.

Four experimental variants were tested:
A – Samples were allowed to stay at 20°C for 2 h
B - Samples were allowed to stay at 20°C for 1 h
C - Samples were allowed to stay at 40°C for 20 min
D - Samples were allowed to stay at 40°C for 30 min
For C and D variants, the test tubes were quickly cooled

after removing from the thermostatic bath.
Two series of the tested samples were tested, each of

them in duplicate.
Galic acid was used as standard from 0 to 250 mg/L.

The same procedure regarding time and temperature as
for the samples was applied on the test tubes containing
the dilutions of the standard (variants A, B, C and D).

The absorbance was read using the same type of plastic
cuvette, 1 cm pathway, at 760nm.
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Reagents and devices
All used reagents were analytical graded: Folin-Ciocalteu

Reagent 2N from MERCK Germany, sodium carbonate from
Chimopar Romania, Gallic acid from ROTH Germany. The

used devices were vortex -HETTIK Germany,
spectrophotometer UVMini-1240 –Shimadzu and
thermostatic bath –Julabo.

Table 1
ANALYSED HONEY

SAMPLES

Table 2
TOTAL PHENOL

CONTENT, MG GAE /
100G HONEY
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Results and discussions
The calibration curves for the four experimental variants

has a very good linearity, R2 being over 0.99 in all cases.
The reported results were obtained in different
experimental sessions, each time the calibration curves
were re-done in all four variants. We give one of the
experimental situations as an example: A: y = 0.0097x +
0.1109, R2 = 0.9998; B: y = 0.0102x + 0.0625, R2 = 0.9945;
C: y = 0.01x + 0.0694, R2 = 0.9989; D: y = 0.0099x +
0.0768, R2 = 0.9986. The results are presented in table 2
as mean .... standard deviation, minimum and maximum
experimental values for every type and sample of tested
honey. The codes for the tested samples are the same as
presented in table 1. Looking to all experimental variants,
the experimental values cover a large area as follows: nine
samples (monofloral and a polyfloral one) presents TPC
under 100 mg GAE/100g and eleven samples (cherry,
heather, polyfloral, mixed and honeydew) between 100
and 200 mg GAE/100g. These values comply with those
reported for Romanian honey [17, 19, 29] regarding
sunflower, lime, acacia and honeydew. For heather much
lower values (max 56,7 mg GAE/100g) were found by [20]
but in Poland values in the same area as ours were reported,
up to 189 mg GAE/100g [30].

Considering the A variant, the most used as control, we
proceeded to compare it with the other ones applied. Mixed
honey (M/Z) was included in honeydew honey category
because it’s TPC=185.0831mgGAE/100gindicates that
honeydew is predominant. The results of statistical analysis
(t-test) on the experimental values are synthesised in table
3.

As a general comment, only for two samples FLS2 and
M13, there were non-significant differences between all
applied variants. Regarding all tested samples, compared
to the A variant, the B variant shows non-significant
differences for 80% of the tested samples unlike C and D
variants for which the percentage fall down to 20% and
15%, respectively. For the C variant the samples showing
distinctly significant differences prevailed while for the D
variant those showing very significant differences prevailed.

A detail analysis of the B variant is presented in table 4.
In the limit that the number of samples is not the same,

it seems that the reaction time has more influence on floral
honey that in honeydew honey (a column of table 4). The b
column emphasizes this opinion even for floral honey with

Table 3
STATISTICAL ANALYSIS, VARIANTS COMPARISON

Table 4
”B” VARIANT COMPARED TO “A” VARIANT

high TPC, over 100 mg GAE/100g (Cs and PFM). The
situation can be explained by the fact that honeydew
honey has lower sugar content than floral honey [2, 3, 21].

Conclusions
In the terms of the present experiment, the influence of

reaction conditions on TPC determination in honey leads
to several conclusions.

Temperature – the rise of temperature from 20 to 40°C
(A variant versus C and D) lead to significant differences
between the recorded TPC values, no matter the origin of
honey.

Reaction time – the reduction of time from 2 to 1 h (A
variant versus B) at 200C lead to non-significant between
the recorded TPC values; the influence of botanical origin
of honey in this issue is not yet evident, so further
experiments are needed in order to clarify this aspect.

Temperature and time, combined – the reduction of time
(C variant versus D) do not improve the correlation to the
basic variant A.

Based on the present experiments results, the influence
of reaction conditions on the determination of honey total
phenol content by Folin- Ciocâlteu assay shows that for
honey this method leads to reliable results after only one
hour of reaction at room temperature. Hence reliable results
can be reached in a shorter period of time. The attempt of
more shortening the time combined with higher
temperature affect the results.

The present experiment emphasises the requirement
for the standardisation of Folin-Ciocâlteu assay in order to
achieve reliable comparison of honey TPC, no matter its
geographical or botanical origin.
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