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Featured Application: The present study provides practical guidelines for the solubilization of
hydroxycinnamic acids from honey for their chromatographic determination. The proposed green
preparation step can be used for honey hydroxycinnamic fingerprinting for different botanical
and/or geographical origins. In addition, it can be also utilized for the evaluation of diverse
biological effects of hydroxycinnamic acids present in honey.

Abstract: Hydroxycinnamic acids are an essential phenolic group in honey that are related with its
diverse health effects. Furthermore, they can be considered as potential biomarkers for botanical
and geographical origin. The extraction of hydroxycinnamic acids from honey requires complicated
extraction techniques due to their low contents and matrix particularity. The goal of the present
work was to develop a green sample preparation method for the solubilization of hydroxycinnamic
acids in honey samples. Thus, a Box–Behnken design has been used to investigate the effect of four
factors: (i) percentage of ethanol (60–90%, v/v), (ii) temperature (30–60 ◦C), (iii) solvent-honey ratio
(10–30 mL g−1), and (iv) sonication time (10–40 min) on the contents of caffeic, chlorogenic, and
ferulic acids. Based on the desirability index, the ultrasound-assisted mixing of honey with 60.0%
(v/v) ethanol at a solvent-honey ratio of 10 mL g−1 for a period of 17.8 min at a temperature of
54.6 ◦C resulted in the maximum solubilization of hydroxycinnamates. Subsequently, the greenness
of developed method was assessed and applied successfully on the analysis of honeys. The present
study reports for first time the hydroxycinnamic acid fingerprint of multi-floral honey produced
in Cyprus.

Keywords: Box–Behnken design; caffeic acid; chlorogenic acid; ferulic acid; phenolic acids; response
surface methodology; recovery; ultrasound-assisted solubilization

1. Introduction

Honey is a traditional sweetener that is produced by honey bees (Apis mellifera). It is
considered as a nutritive sweeter as it contains a high proportion of sugars. Hoverer, it
has a lower glycaemic potency than refined sugars due to the presence of relatively high
proportion of fructose, non-nutritive components, and moisture ([1,2]. In general, it is
mainly composed of a mixture of different sugars (80–85%), water (15–17%), and proteins
(0.1–0.4%), and it contains a plethora of micronutrients, namely enzymes, organic acids,
vitamins, minerals, and phenolic compounds [3].

Honey is justifiably recognized as a functional food delivering nutritive compounds
and treating multifarious ailments. It is noteworthy that several clinical trials correlate
the consumption of honey with wound healing [4], antimicrobial [5], anticancer [6], an-
tidiabetic [7], cardio-protective [8], nephro-protective [9], anti-atherosclerotic [10], neuro-
protective [11], and anti-aging activities [12]. In addition, various studies support the
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potential of honey to treat respiratory diseases, manage mental disorders, control gas-
trointestinal complications, and promote skin health [13–15]. Researchers also linked the
beneficial effects of honey on amelioration of chronic and acute diseases with its special
phenolic composition [16].

The term “phenolic compound” describes a substance that possesses an aromatic ring
bearing one or more hydroxyl substituents including functional derivatives (esters, methyl
esters, and glycosides). Phenolic compounds are widely distributed in the plant kingdom;
thus, they are transferred from host plant floral nectars into honey. The phenolic compounds
found in honey are mainly flavonoids and phenolic acids, and they can be utilized as
biomarkers for the geographical and botanical origin of honey [17]. Hydroxybenzoic
and hydroxycinnamic acids are the main sub-groups of phenolic acids found in honey.
Hydroxybenzoic acids such as gallic acid, ellagic acid, syringic acid, and protocatechuic acid
are more common in honey than hydroxycinnamic acids. Nevertheless, hydroxycinnamic
acids exert stronger biological activities because of the unsaturated chain attached to the
carboxyl group and the presence of the phenoxyl functional group [2]. Caffeic acid, ferulic
acid, trans-cinnamic acid, and p-coumaric acid are widely distributed in mono- and multi-
floral honeys. Rosmarinic acid, caftaric acid, chlorogenic acid, and o-coumaric acid have
also been identified in honeys [18–20]. Furthermore, rosmarinic acid and chlorogenic
acid have been proposed as biomarkers for botanical origin in thyme and acacia honey,
respectively [21,22].

The extraction of hydroxycinnamic acids from honey is a critical step in their chro-
matographic analysis, but it is a difficult task due to their chemical complexity and high
viscosity of the matrix as well as the low concentrate of these phenolic acids [23]. The
extraction of hydroxycinnamic acids is usually performed through liquid-liquid extrac-
tion using organic solvents, solid phase extraction with diverse stationary phases, and
miniaturized extraction methods such as dispersive liquid-liquid microextraction and
solid phase microextraction [23]. Thus, the extraction step is time-consuming, typically
requiring 80% of the total analysis time, and has negative impact on of greenness of the
extraction procedure. Recently, an optimized ultrasound-assisted extraction method was
introduced to enhance the solubilization of phenolic substances prior chromatographic
analysis. This optimization study was based on total phenolic contents and requires large
volumes of solvent for the solubilization [24]. The present work aspires to develop and
optimize an effective miniaturized, green sample preparation method for the solubilization
of hydroxycinnamic acids from honey using ultrasound irradiation and a hydroethanolic
mixture as solvent. In particular, the solubilization temperature, solubilization time, ethanol
concentration, and solvent-to-honey ratio were optimized to maximize the solubilization
of hydroxycinnamic acids prior chromatographic analysis. Finally, the optimized sample
preparation method was applied successfully to determine the hydroxycinnamic acids in
commercial multi-floral honey.

2. Materials and Methods
2.1. Chemicals and Reagents

Hydroxycinnamic acids (caffeic acid, chlorogenic acid, ferulic acid, p-coumaric acid,
and rosmarinic acid) were used as standards and were obtained from Sigma Aldrich
(Steinheim, Germany). Acetonitrile and water HPLC grade, as well as formic acid, were
also purchased from Sigma Aldrich. Regarding sugars, D-(-)-fructose and D(+)-glucose
anhydrous and sucrose were purchased from Sigma Aldrich, Scharlau Chemie (Barcelona,
Spain) and HiMedia Laboratories (Mumbai, India), respectively.

2.2. Honey Samples

An artificial honey was prepared representing the proportions of the three predomi-
nant sugars in natural honey samples according to a previous study [25]. More specifically,
4.3 g fructose, 3.6 g glucose, 0.4 g sucrose, and 10 µL for each hydroxycinnamic acid, namely
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caffeic acid, chlorogenic acid, and ferulic acid, at a concentration of 10 mg mL−1 were
mixed thoroughly. Then, 1.67 mL of sterile deionized water was added.

A total of 10 commercial Cypriot multi-floral honey samples were collected from the
local supermarkets. The samples were stored in the dark at room temperature until analysis.

2.3. Optimization of Sample Preparation Using Response Surface Methodology (RSM)

The ultrasound-assisted solubilization of hydroxycinnamic acids was optimized with
the employment of RSM using an artificial honey solution. An amount of 0.3 g honey
solution was mixed thoroughly with different volumes (3, 6, 9 mL) of hydroethanolic
mixtures (60, 75, and 90% ethanol in deionized water). The procedures were carried out
in an ultrasonic bath (UCI-50, 35 KHz, Raypa-R. Espinar, S.L., Terrassa, Spain) at different
temperatures (30, 45, and 60 ◦C) for varying periods (10, 25, and 40 min). After ultrasonic
treatment, the mixture was filtered through a 0.45 µm syringe filter and stored at −20 ◦C
for further analysis. All sample extracts were prepared in triplicate.

The solubilization parameters were optimized using RSM based on Box-Behnken
design (BBD). A three-level and four-factor BBD was applied to investigate the effect of
ethanol concentration (A), temperature (B), solvent-to-sample ratio (C), and sonication time
(D) on solubilization efficiency. The contents of caffeic acid (Y1), chlorogenic acid (Y2), and
ferulic acid (Y3) were used as experimental responses for the optimization. Independent
variables were selected based on preliminary studies with their coded and actual levels
given in Table 1. The complete BBD consisting of 29 combinations including five repli-
cations at the central point is given in Table 2, where all measurements were performed
in triplicate and in random order to minimize the effects of uncontrolled variables. The
mean values of all measured responses were analyzed by multiple regressions and fit-
ted to the quadratic polynomial model described in Equation (1). Analysis of variance
(ANOVA) was conducted to assess the significance of linear, quadratic, and interaction
regression coefficients (statistically significant at p < 0.05) and to determine the validity
of the quadratic models. Three-dimensional surface plots were generated based on the
developed polynomial models to interpret the relationship between dependent variables
and independent responses:

Y = β0 + ∑n
i=1 βixi + ∑n−1

i = 1
j > 1

∑n
j=2 βijxixj + ∑n

i=1 βiixi
2 (1)

where β0 is the constant coefficient, βi, βii, and βij are the regression coefficients for lin-
ear, quadratic, and interaction terms, respectively, and xi and xj represent the indepen-
dent variables.

Table 1. Natural and coded levels of independent variables used in three-level, four-factor Box-
Behnken design (BBD).

Independent Variables Symbol Factor Level
Low (−1) Medium (0) High (+1)

Ethanol concentration (%, v/v) A 60 75 90
Temperature (◦C) B 30 45 60
Solvent-to-sample ratio (mL g−1) C 10 20 30
Sonication time (min) D 10 25 40
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Table 2. Box-Behnken design of the independent variables in their actual and coded levels and
experimentally obtained data of the investigated responses.

Run

A
Ethanol

Concentration
(%)

B
Temperature

(◦C)

C
Solvent-to-

Sample Ratio
(mL g−1)

D
Time (min)

Y1
Caffeic Acid
(Peak Area)

Y2
Chlorogenic
Acid (Peak

Area)

Y3
Ferulic Acid
(Peak Area)

1 75 (0) 30 (−1) 20 (0) 40 (+1) 12,722.5 15,773.5 23,352.5
2 75 (0) 45 (0) 20 (0) 25 (0) 17,466.0 18,789.3 28,028.7
3 75 (0) 45 (0) 20 (0) 25 (0) 16,776.3 19,438.7 29,551.6
4 75 (0) 45 (0) 20 (0) 25 (0) 17,572.0 19,909.7 31,064.8
5 75 (0) 30 (−1) 30 (+1) 25 (0) 10,413.7 13,209.7 17,216.8
6 60 (−1) 30 (−1) 20 (0) 25 (0) 20,375.3 21,522.7 30,233.8
7 60 (−1) 45 (0) 10 (−1) 25 (0) 38,171.3 39,178.0 60,649.7
8 75 (0) 60 (+1) 30 (+1) 25 (0) 9574.0 11,310.7 13,541.3
9 60 (−1) 60 (+1) 20 (0) 25 (0) 16,840.3 19,251.0 27,750.7

10 75 (0) 60 (+1) 20 (0) 10 (−1) 15,862.3 19,454.7 28,462.3
11 75 (0) 45 (0) 10 (−1) 10 (−1) 34,675.7 36,232.0 60,867.0
12 90 (+1) 30 (−1) 20 (0) 25 (0) 10,882.3 17,449.3 28,437.7
13 75 (0) 45 (0) 20 (0) 25 (0) 17,864.0 19,771.7 30,452.4
14 75 (0) 60 (+1) 20 (0) 40 (+1) 10,951.0 18,405.3 28,492.7
15 75 (0) 45 (0) 30 (+1) 40 (+1) 6921.33 11,361.0 13,380.7
16 60 (−1) 45 (0) 30 (+1) 25 (0) 10,464.7 13,882.0 18,576.3
17 75 (0) 45 (0) 30 (+1) 10 (−1) 10,129.7 12,203.3 16,713.0
18 75 (0) 60 (+1) 10 (−1) 25 (0) 34,704.0 35,736.9 61,265.7
19 90 (+1) 60 (+1) 20 (0) 25 (0) 14,985.3 19,461.7 27,290.7
20 75 (0) 30 (−1) 10 (−1) 25 (0) 31,777.7 30,114.3 45,641.5
21 90 (+1) 45 (0) 30 (+1) 25 (0) 9452.33 11,552.8 18,012.7
22 90 (+1) 45 (0) 20 (0) 10 (−1) 13,375.7 18,080.3 25,066.3
23 60 (−1) 45 (0) 20 (0) 10 (−1) 18,730.3 21,060.6 28,810.7
24 75 (0) 45 (0) 10 (−1) 40 (+1) 30,953.7 36,263.3 52,651.3
25 90 (+1) 45 (0) 20 (0) 40 (+1) 12,233.0 16,806.6 25,643.7
26 75 (0) 30 (−1) 20 (0) 10 (−1) 6904.0 12,291.7 11,082.4
27 75 (0) 45 (0) 20 (0) 25 (0) 14,266.0 17,522.3 24,905.3
28 90 (+1) 45 (0) 10 (−1) 25 (0) 31,235.7 36,688.7 58,2017
29 60 (−1) 45 (0) 20 (0) 40 (+1) 17,162.3 19,673.7 27,895.3

2.4. Chromatographic Analysis of Hydroxycinnamic Acids in Honey

The chromatographic analysis of individual hydroxycinnamic acids in artificial honey
and honey samples was performed according to Combarros-Fuertes et al., 2019 with slight
modifications [26]. Aqueous solution of formic acid 1% w/w (A) and acetonitrile (B) were
used as mobile phase. The gradient profile was as follows: 0–15 min, 5–20% B; 15–18 min,
20–30% B; 18–20 min, 20–30% B; 20–40 min, 30–70% B; 40–45 min, 70–95% B; 45–46 min,
95–95% B; 46–48 min, 95–5% B and until 55 min, 5% B. All analyses were carried out at
room temperature, with an injected volume of 20 µL and a flow rate of 1 mL min−1. The
chromatograms were monitored at 280 and 320 nm.

The analysis of samples was performed using a Waters series HPLC (Model “1525”)
equipped with a vacuum degasser, quaternary pump, autosampler, thermostated column
compartment, photodiode array detector (PDA), and Empower™ 2 Software (Waters Cor-
poration, Milford, Ireland). Chromatographic separations were performed on a reversed-
phase Waters® Spherisorb® ODS2 25 cm, 4.6 mm, 5 µm column (Waters Chromatography
Division, Milford, MA, USA), thermostated at 25 ◦C. Peak identification was implemented
by comparing both retention times and UV spectra with those of authentic standards. The
quantities of hydroxycinnamic acids identified in the extract were determined based on
calibration curves constructed using reference standards (caffeic acid, chlorogenic acid,
ferulic acid, p-coumaric acid, and rosmarinic acid).
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2.5. Determination of Greenness for Developed Sample Preparation Method

The evaluation of greenness of the optimized method for the solubilization of hydrox-
ycinnamic acids in honey samples was carried out with the use of AGREEprep version
1 software. A compiled version of the open access software can be obtained from most-
wiedzy.pl/AGREEprep This online software assesses the overall greenness performance
of the sample preparation stage by quantifying weighted score values across ten impact
categories, each corresponding to one of the ten principles of a green analytical process.
Score values range from zero (considered a non-environmentally friendly approach) to
one (the ideal greenest approach) and are accompanied by a color scale from red to green,
respectively [27].

2.6. Statistical Analysis

All experimental assays were performed in triplicate. The results obtained were
expressed as mean values ± standard deviation (SD). Experimental design, model building,
and determination of optimum conditions were performed using Design Expert software
(trial version 11.0, Stat-Ease Inc., Minneapolis, MN, USA).

3. Results and Discussion
3.1. Model Fitting

In the present study, optimization experiments based on RSM were performed to
maximize the solubilization of hydroxycinnamic acids in honey samples using ultrasound
irradiation. A BBD was applied to investigate the effects of ethanol concentration (A),
temperature (B), solvent-to-sample ratio (C), and sonication time (D) on caffeic acid (Y1),
chlorogenic acid (Y2), and ferulic acid (Y3) recoveries. Table 2 presents the experimental
data for all measured responses, expressed as chromatographically determined peak areas,
obtained under different combinations of sample preparation parameters.

The yields of caffeic acid (Y1), chlorogenic acid (Y2), and ferulic acid (Y3) were cor-
related in terms of coded values of the process variables by the following second-order
polynomial equations obtained using regression analysis.

Y1 = +17,079.72 − 2465.00 A + 820.12 B − 12,046.86 C − 727.82 D + 1909.50 AB
− 2682.46 BD − 1875.96 B2 + 5934.19 C2 − 2547.33 D2

Y2 = +19,191.67 − 1210.78 A + 1104.90 B − 11,724.47 C − 1880.17 BC
− 1449.74 B2 + 5269.16 C2

Y3 = +28,853.87 + 2569.99 B − 20,152.97 C − 4824.67 BC + 9539.10 C2

The significance and goodness of fit of the quadratic models developed were investi-
gated by analysis of variance (ANOVA) and descriptive statistics, as presented in Table 3.
The polynomial models provided a good fit to the data, with the respective coefficients of
determination (R2) being higher than 0.94. At the same time, the reasonable agreement
between predicted and adjusted coefficients of determination, with the difference between
R2

pred and R2
adj being lower than 0.2, demonstrates the good agreement between the

experimental and predicted values. Figure 1 demonstrates the close agreement between the
experimental results and those calculated from the model values. Additionally, ANOVA
demonstrated significant model F- (>89.46) and p-values (<0.0001) and non-significant lack
of fit terms (p > 0.05), which validate the models’ adequacy to describe the experimental
data. As for coefficients of variation (CV), they were in all cases lower than 10%, demon-
strating good precision and reproducibility of the models. Desirable signal-to-noise ratios
were also obtained for all models developed, as demonstrated by the adequate precision
values (>4). In general, the results verify the accuracy of the polynomial models in reflecting
the relationship between process variables and measured responses, as well as predicting
the optimal extraction conditions.
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Table 3. Analysis of variance (ANOVA) and descriptive statistics for the developed quadratic models.

Term
Caffeic Acid Chlorogenic Acid Ferulic Acid

F-Value p-Value F-Value p-Value F-Value p-Value

Model 95.57 <0.0001 108.57 <0.0001 89.46 <0.0001
A 28.10 0.0001 5.97 0.0231 - -
B 3.11 0.0939 4.97 0.0363 4.99 0.0351
C 671.19 <0.0001 559.43 <0.0001 306.70 <0.0001
D 2.45 0.1340 - - - -

AB 5.62 0.0285 - - - -
AC - - - - - -
AD - - - - - -
BC - - 4.80 0.0394 5.86 0.0234
BD 11.09 0.0035 - - - -
CD - - - - - -
A2 - - - - - -
B2 9.12 0.0070 4.80 0.0394 - -
C2 91.30 <0.0001 64.99 <0.0001 40.28 <0.0001
D2 16.82 0.0006 2.31 0.1509 - -

Lack of fit 1.26 0.4514 3.56 0.1133 2.95 0.1513
R2 0.9784 0.9673 0.9371

R2
adj 0.9682 0.9584 0.9267

R2
pred 0.9365 0.9304 0.9064

Adeq Precision 31.540 32.2520 30.1803
C.V. (%) 9.10 8.27 9.94
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3.2. Effect of Sample Preparation Variables on Hydroxycinnamic Acid Recoveries

According to the ANOVA results, the solvent-to-sample ratio was the most dominant
factor, negatively influencing hydroxycinnamic acid responses in its linear form (C) and
positively affecting them in its quadratic term (C2). With an increase in solvent-to-sample
ratio from 10 to 25 mL g−1, the hydroxycinnamic acids contents gradually decreased. With
a further increase in the solvent-to-sample ratio, its positive quadratic effect dominates,
and, thus, a slight increase in the responses was observed. The solubilization efficiency
probably decreased due to the uneven distribution of the cavitation phenomenon resulting
from the over dilution effect [28]. Thus, using lower volumes of solvent may enhance
polyphenol solubilization, prevent unnecessary wastage of solvents, and reduce the cost of
the process.

Ethanol concentration, in its linear form, demonstrated a weaker but still significant
effect on caffeic acid and chlorogenic acid responses. The increase in ethanol concentration
resulted in a decrease in chlorogenic acid content. An optimal solvent composition exists at
the lower ethanol concentration range. The results may be related to the solvent polarity
and the solubility preference of hydroxycinnamic acids. As water content in the aqueous
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ethanolic mixture increases, solvent polarity is enhanced, thus improving the solubility of
the target analytes [29].

As regards temperature in sample preparation, it significantly affected chlorogenic acid
and ferulic acid contents linearly (positive effect) and caffeic and chlorogenic acid contents
in a quadratic manner (negative effect). The positive linear effect of temperature can be
attributed to its positive influence on the solubilization kinetics [30]. Increased solubility of
polyphenols with increasing temperature was also reported in previous studies [31]. On
the other side, polyphenol thermal degradation due to elevated temperatures may have
resulted in the negative quadratic term of temperature for caffeic acid and chlorogenic acid
responses [32].

A negative quadratic effect was observed for sonication time only in the case of caffeic
acid. Prolonged sonication times increase the possibility of decomposition and/or oxidation
of polyphenols, resulting in lower estimated contents. As a result, sonication time should
not be prolonged unnecessarily to prevent degradation of polyphenols [31]. It is worth
mentioning here that although temperature did not affect caffeic acid content, its interaction
with sonication time had a negative impact on the response. In this case, increasing the
temperature along with the sonication time might result in the thermal decomposition of
the analyte, suggesting that solubilization at elevated temperatures probably requires a
short processing time [33].

Temperature also demonstrated a significant interactive effect with solvent concen-
tration in the case of caffeic acid and with solvent-to-sample ratio for chlorogenic acid
and ferulic acid responses. A synergistic effect was observed for the former interaction,
indicating that both variables result in greater solubilization of caffeic acid in their up-
per limits. An opposite effect was observed for the interaction between temperature and
solvent-to-sample ratio, indicating an antagonistic effect.

3.3. Optimization of Sample Preparation Conditions and Model Validation

Optimization of the process variables was performed with the aim of simultaneously
maximizing the estimated contents of three hydroxycinnamic acids. Numerical optimiza-
tions, performed to achieve the maximum desirability index (D = 0.98), suggested that
the mixing of honey samples with 60.0% v/v aqueous ethanol for 17.8 min, at 54.6 ◦C,
and using a solvent-to-sample ratio of 10.0 mL g−1, were the optimum parameters for
the sample preparation prior chromatographic analysis. Confirmation experiments were
then conducted under these optimum parameters to verify the adequacy of the developed
models in predicting the optimum response values. The observed and predicted values,
along with the computed absolute errors for the optimum parameters, are presented in
Table 4. As observed, the experimental results were close to those predicted from the model
values, thus confirming the validity of the quadratic models in predicting the optimum
sample preparation parameters.

Table 4. Comparison between experimental values and values predicted by the models for the
responses obtained under the optimal sample preparation parameters.

Variable Predicted Value Experimental Value Absolute Error (%)

(Y1) Caffeic acid (Peak Area) 36,650.6 37,002.5 ± 204.1 0.9
(Y2) Chlorogenic acid (Peak Area) 38,710.7 39,711.9 ± 333.6 2.6

(Y3) Ferulic acid (Peak Area) 61,265.2 63,354.3 ± 485.2 3.4
Desirability 0.98

3.4. Determination of Greenness for the Developed Sample Preparation Method

Figure 2 illustrates the greenness of the proposed method for the solubilization of
hydroxycinnamic acids in honey samples, resulting a high overall score (0.74/1.00). The
non-toxicity, sustainability, renewability, and reusability of materials used (Criterions 1
and 3) contribute significantly to the green character of the method. High scores were also
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obtained for sample size (Criterion 5) due to its considerable reduction as well as the low
energy consumption (Criterion 8), as the use of an ultrasonic bath offers the advantage of
simultaneous processing of multiple samples consuming low energy. The main penalties
of the proposed procedure are related to the ex-situ sample preparation (Criterion 1), a
usual practice for the sample preparation in determinations of polyphenols in diverse hor-
ticultural products by research laboratories, and the lack of integration/automation of the
procedure consisting of three distinct steps (Criterion 7). The use of liquid chromatography
for the analysis of hydroxycinnamic acids also influences negatively the greenness of the
proposed method (Criterion 9).
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3.5. Application of Optimized Sample Preparation Method on Multi-Floral Honeys

The optimized method was applied for the solubilization and determination of hy-
droxycinnamic acids in commercial multi-floral honey harvested in Cyprus. Multi-floral
honey is the most widespread type of honey in Cyprus due to high plant diversity and
the geography of the island. This is the first report describing the composition of Cypriot
honey in terms of phenolic composition. Table 5 summarizes the amounts of each hydrox-
ycinnamic acid in Cypriot honey collected from local supermarkets. Results showed that
the most abundant hydroxycinnamic acid in Cypriot multi-floral honey was the p-coumaric
acid; its content ranged from 0.35 mg kg−1 to 2.59 mg kg−1. A previous study on Serbian
honeys also demonstrated that p-coumaric acid was the major phenolic constituent in
multi-floral honeys; they contain p-coumaric acid at a concentration between 0.40 mg kg−1

and 9.97 mg kg−1 [34]. Recently, Kedzierska-Matysek et al. (2021) also reported that the
major hydroxycinnamic acid in Polish multi-floral honeys was p-coumaric acid at a con-
centration of 1.39 mg kg−1 [35]. Caffeic acid was also found in all studied honey samples.
Table 5 shows that the concentration of caffeic acid in Cypriot multi-floral honey ranged
from 0.46 mg kg−1 to 1.22 mg kg−1. The differences in the contents may be attributed to
the diversity in flowering for the production of multi-floral honey [36]. This fluctuation
agrees with international literature for multi-floral honey [37–39]; there are multi-floral
honeys with no detectable amounts of caffeic acid and honeys with significantly high
amounts (up to 20.9 mg kg−1) [40]. Chlorogenic acid, an ester of caffeic acid and quinic
acid, was also detected in studied honeys. The median value of chlorogenic acid content
in multi-floral honey produced in Cyprus was 0.63 mg kg−1. Our findings are similar
to published data [34,37,39]. However, an unusually high amount of chlorogenic acid
(22.14 ± 1.32 mg kg−1) was determined in one sample. Ramanauskiene et al. (2012) also
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described a similar high concentration of chlorogenic acid in multi-floral forest honey
produced in Lithuania [41]. The high chlorogenic acid content is also correlated with honey
that is produced from eucalyptus blossoms [42], thus it will be interesting to investigate the
botanical origin of the sample. Rosmarinic acid was also quantified in all analyzed samples,
but it is found at significantly lower concentrations. The presence of rosmarinic acid has
been described in rosemary, mint, and sage honeys [43,44]. Taking into consideration the
plethora of native Lamiaceae plants grown in Cyprus, the detection of rosmarinic acid in
Cypriot honey is reasonable. Finally, ferulic acid was detected in half of the examined
samples at low levels. Its concentration ranged between 0.02 mg kg−1 and 0.10 mg kg−1

and it was the least abundant studied component in multi-floral honey. A comparable trend
was observed in Sicilian honey, though it was not found in multi-floral honeys produced in
China and Spain [37,40]. Previous works reported that ferulic acid is distributed in acacia
and heather honeys; these plants grow in Cyprus at areas of low altitude [41,45]. Overall,
the utilization of the developed ultrasound-assisted method was suitable for the analysis
of hydroxycinnamic acids in multi-floral honey produced in Cyprus, providing, for first
time, valuable information.

Table 5. Contents of hydroxycinnamic acids in multi-floral honey. The results are expressed as mg
hydroxycinnamic acid per kg of honey.

Samples Caffeic Acid Chlorogenic Acid p-Coumaric Acid Ferulic Acid Rosmarinic Acid Total

C1 0.84 ± 0.10 0.46 ± 0.03 0.56 ± 0.03 nd 0.16 ± 0.03 2.02
C2 0.66 ± 0.05 0.57 ± 0.05 0.94 ± 0.05 0.02 ± 0.00 0.19 ± 0.01 2.38
C3 0.83 ± 0.07 0.75 ± 0.06 0.91 ± 0.10 0.04 ± 0.01 0.21 ± 0.01 2.74
C4 0.66 ± 0.05 0.56 ± 0.05 1.00 ± 0.09 0.10 ± 0.02 0.20 ± 0.03 2.52
C5 0.97 ± 0.11 1.04 ± 0.10 1.11 ± 0.11 nd 0.23 ± 0.02 3.35
C6 1.22 ± 0.09 22.14 ± 1.32 1.64 ± 0.08 0.05 ± 0.01 0.45 ± 0.03 25.5
C7 0.46 ± 0.03 nd 0.94 ± 0.07 nd 0.16 ± 0.02 1.56
C8 0.72 ± 0.04 0.69 ± 0.04 2.39 ± 0.18 nd 0.18 ± 0.03 3.98
C9 0.30 ± 0.03 1.74 ± 0.11 2.59 ± 0.20 0.06 ± 0.01 0.30 ± 0.03 4.99

C10 1.04 ± 0.10 nd 0.35 ± 0.01 nd 0.20 ± 0.02 1.59

Range 0.46–1.22 nd–22.14 0.35–2.59 nd–0.10 0.16–0.45 1.56–25.5

Median value 0.78 0.63 0.97 0.01 0.20 2.63

nd: not detected.

4. Conclusions

The present work provides a new, miniaturized, and green sample preparation method
for the solubilization of hydroxycinnamic acids in honey prior to chromatographic analysis.
The proposed method combined the advantages of ultrasound irradiation and ecofriendly
hydroethanolic mixture. More specifically, honey samples were mixed with 60.0% v/v
aqueous ethanol at a solvent-to-sample ratio of 10.0 mL g−1. The solubilization procedure
took place in an ultrasonic bath for a period of 17.8 min at 54.6 ◦C. The proposed method
significantly decreases the preparation time, the sample size, and annihilates the volumes
of organic solvents. Furthermore, the optimized sample preparation method was applied
successfully for the determination of five hydroxycinnamic acids in multi-floral honey,
providing, for the first time, the hydroxycinnamic acid fingerprint of honey produced in
Cyprus, a Mediterranean island with high biodiversity in flora.
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