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Abstract

A summarized physicochemical profile of nine multifloral honeys produced by Apis cerana cerana Fabricius in Qiongzhong region
located in Hainan province was exhibited, regarding pH (3.72-4.02), moisture (19.20-22.53%), fructose (34.40-38.70 g 100 g'),
glucose (31.60-35.05 g 100 g ), sucrose (less than 3%), color (31.00-80.00 mm Pfund), ash content (0.17-0.45 g 100 g*), soluble
solid (75.87-79.10 ‘Brix), and electrical conductivity (343.67-678.33 puS cm™). Potassium showed the highest concentration,
followed by calcium. Manganese, boron, iron, aluminium, and zinc were the main micro-elements while cadmium and
hydrargyrum were not detected in all honey samples. The antiradical activity was shown to be significantly negative correlated
with total phenolic content (TPC) (r* = —0.756) and total flavonoid content (TFC) (r* = —0.477). Among all tested honey
samples, sample A exhibited the highest levels of TPC (45.46 mg GAE 100 g'), TFC (10.02 mg RE 100 g'), and antiradical
activity (DPPH IC, = 2.63 mg mL™"). Our results will be useful in determining to set the standard for A. cerana cerana honey.

Keywords: Apis cerana cerana; multifloral honey; physicochemical parameters; element analysis; antiradical activity.

Practical Application: The multifloral honeys from A. cerana cerana in Hainan province can be used as potential functional food.

1 Introduction

Honey is widely employed in the food industry, particularly
in the cosmetic and health care. In fact, honey quality varies
substantially depending on botanical and geographical origins
(Gregorio et al., 2021), bee species, and climatic conditions of
the production site (Kavanagh et al., 2019). Further processing
and improper storage condition also influence the quality of
honeys indirectly (Chua et al., 2012).

Honey is composed of over 200 substances, the most of
which are sugar and water, as well as minerals essential for human
health (Kedzierska-Matysek et al., 2018). The physicochemical
parameters of honey can be used for the assessment of quality
and floral origins, such as color, sugar content, pH, moisture
content, and so on (Conti, 2000). The elemental profile of
honeys is important not only for determining the environmental
condition, but also for ensuring honey quality (Chua et al., 2012).
The content of minerals in honey ranges from 0.04 to 0.2% in
floral honey (Vanhanen et al., 2011), while that in honeydew
honey varies between 0.40 and 0.63% (Oroian et al., 2017).
Moreover, honey possesses strong antioxidant activity which
varies greatly and depends on the floral and geographical origin
(El-Haskoury et al.,, 2019), and it has been demonstrated that
phenolic compounds in honeys can act as antioxidants and
scavenging free radicals (Can et al., 2015).

Increasing consumer preferences for honey products has led
to increased demand for particular characteristics in honey which

are associated with honey’s health benefits (Nascimento et al.,
2022). Honey from Apis cerana has been used in Chinese medicine
over thousands of years for its medical properties, and one of the
most significant properties that has led to its widespread usage is
its antimicrobial effect (Wang et al., 2019). Therefore, the price
of A. cerana honey is commonly three to ten times more than
that of A. mellifera honey because of its low yield, consumer
impression of higher antioxidant and antibacterial activities
(Park et al., 2018), and more bioactive substances (Habib et al.,
2014; Zhao et al., 2017). Despite the fact that A. cerana hive
products have been disregarded economically for decades,
the native Asian honeybee is now regarded as an essential and
valuable genetic resource to preserve, and its honey is becoming
increasingly appreciated (Soares et al., 2018). Due to a variety
of ecological and climatic circumstances, as well as a rich flora
that provides blossoming plants all year, Hainan province is a
key producer of A. cerana cerana honey. Qiongzhong region
is located in the centre of Hainan province, being the largest
honey-producing region in Hainan province, where multifloral
honeys produced by A. cerana cerana are obtained.

The aim of this study was to (1) evaluate and compare
the physicochemical parameters, elements, and antiradical
activity of nine multifloral honeys from different sites in the
same production region, and (2) identify potential relationships
between physicochemical parameters, elements and antiradical
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activity, in order to assist in the promotion of A. cerana cerana
honey as potential functional food.

2 Materials and methods
2.1 Sample collection

A total of nine multifloral honey samples from A. cerana
cerana were collected from the selected beekeeping apiaries
in Qiongzhong region as indicated in Figure 1, and the floral
origins of surrounding the hives mostly included Alpinia
oxyphylla Miq., Areca catechu, Bidens pilosa L., and other wild
flowers. The honey samples were harvested from March to April
2020 without any processing and treatment and stored at room
temperature until analysis.

2.2 Chemicals and reagents

Sodium carbonate anhydrous, nitric acid, and hydrogen
peroxide were purchased from Xilong Scientific Co., Ltd, China.
Methanol was purchased from Guangzhou Chemical Reagent
Factory of China. Rutin was purchased from Shanghai yuanye
Bio-Technology Co., Ltd, China. Folin-Ciocalteu reagent and
gallic acid were obtained from Sigma-Aldrich Corporation of
the USA. 1,1-diphenyl-2-picrylhydrazyl (DPPH) was obtained

from Aladdin (Shanghai). Aluminum chloride was purchased
from Shanghai Macklin Biochemical Co., Ltd, China.

2.3 Physicochemical analysis

The parameters, including ash content, moisture, pH, soluble
solid, fructose, glucose, and sucrose were carried out according
to the methods described by Wu et al. (2020). Briefly, the ash
content was determined via incinerated samples in Muffle
furnace at 640 °C for 6 h. The moisture level was analyzed using
a portable refractometer (model ATC-005, China) at 25 °C. The
pH was measured using a pH-meter (Leici PHSJ-4A, China) at
25 °C in 20% (w/v) honey solution. The fructose, glucose, and
sucrose concentration determined via a HPLC system (Waters
ALLIANCE e2695) with a refractive index detector; and the
sugars were separated on a Xbridge Amide column (4.6 mm x
150 mm, 3.5 um, Waters) with a mobile phase of acetonitrile/
water/triethylamine (80 : 20 : 0.2, v/v). Electrical conductivity
was measured using a conductivity meter (Leici DDS-307A).
Color measurement was performed using a honey color analyzer
(Hanna Instruments, HI96785).

2.4 Multi-elemental analysis

The five macro-elements including magnesium (Mg),
sodium (Na), potassium (K), phosphorus (P), and calcium (Ca),
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Figure 1. Geographical origin of honey samples from Hainan province.
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and 16 micro-elements including chromium (Cr), vanadium
(V), aluminium (Al), boron (B), zinc (Zn), copper (Cu), nickel
(Ni), cobalt (Co), iron (Fe), manganese (Mn), lead (Pb), barium
(Ba), cadmium (Cd), molybdenum (Mo), arsenic (As), and
hydrargyrum (Hg), were determined by ICP-MS (NeXION
300X, Perkin Elmer, USA) after microwave digestion, according
to the methods reported by Wu et al. (2020). Briefly, 0.5 g honey
was mixed with 5 mL high grade nitric acid and 1 mL hydrogen
peroxide in a digestion tube. The solution was predigested for 40
min at 110 °C on an electric platen, and then digested in a 190
°C microwave for 40 min at 1600 W. After cooling, the digested
sample was diluted to 50 mL with high purity water for analysis.

2.5 Total Phenolic Content (TPC)

The TPC was constructed by the method described by
Singleton & Rossi (1965) with slight modification. Briefly, 1.0
mL honey solution (0.1 g mL", w/v in ultrapure water) and 1.0
mL Folin-Ciocalteu reagent were mixed. The total volume was
adjusted to 10 mL with ultrapure water after adding 5.0 mL 1 M
sodium carbonate. The sample was shaken at room temperature
for 1 h in the dark, and then the absorbance was measured at
760 nm by using Tecan’s Infinite 200 PRO (Switzerland). A
standard curve was plotted for the standard solution of gallic
acid in a range of concentrations from 0 to 10 pg mL* (y =
62.45x + 0.0872, R* = 0.9998), and TPC was expressed as gallic
acid equivalent (mg GAE 100 g).

2.6 Total Flavonoid Content (TFC)

The TFC assay was performed as described in Aumeeruddy et al.
(2019) with slight modification. Briefly, 3 mL honey solution
(0.1 g mL?, w/v in ultrapure water) was mixed with 1 mL of
aluminum chloride (1%), and the total volume was adjusted to
10 mL with ethanol (95%). After ten minutes, the absorbance
was measured at 405 nm by using Tecans Infinite’ 200 PRO
(Switzerland). The TFC was calculated from a standard curve
of rutin in a range of concentrations from 0 to 40 ug mL"! (y =
12.382x +0.0538, R*=0.9999), and expressed as rutin equivalent
(mg RE 100 g).

2.7 Determination of free radical scavenging activity

The DPPH assay was performed as described in Cheng et al.
(2014) with slight modification. Briefly, 1 mL of honey solution
(40 mg mL"', 20 mg mL", 10 mg mL", 5 mg mL", 2.5 mg mL-
) were mixed with a methanolic solution of DPPH (0.025
mg mL", 4.0 mL), and then they were left in the dark for 1 h.
Absorbance reading was performed at 517 nm on a Tecan’s
Infinite’ 200 PRO (Switzerland) and the results were expressed
as percentage inhibition of DPPH radicals by honey samples
based on (Equation 1):

A

Inhibition (%) =%x1oo )
0

Where A is the control (blank, without sample) and A, is the
absorbance of honey samples. The IC,  values (the concentration
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of the test honeys required to reach the inhibition of DPPH
radicals to 50%) were calculated.

2.8 Statistical analysis

All experiments were performed with three replicates, and
the results were expressed as means + standard deviation. Prior
to One-way analysis of variance (ANOVA) followed by Tukey’s
test, the normality of the distribution (original data or transferred
data) was checked using the test of Homogeneity of Variances.
As the data differed from a normal distribution, the statistical
significance and level were checked with Nonparametric test
followed by Kruskal-Wallis one-way ANOVA. The correlation
analysis was carried out using the Pearson mode. Differences
between means at confidence levels of 95% and 99% (p < 0.05and
p < 0.01, respectively) were considered statistically significant.
Statistical analyses were performed using SPSS 24 software
(IBM, New York, USA).

3 Results and discussion
3.1 Physicochemical analysis

Table 1 showed basic descriptive statistics for pH, moisture,
sugars, color, ash content, soluble solid, and electrical conductivity
of multifloral honeys. Honey pH values are of great importance
during extraction and storage, as they influence the texture,
stability, and shelf-life of honeys (Terrab et al., 2004). Most
bacteria grow in a neutral and mildly alkaline environment,
while yeasts and moulds are capable of growth in an acidic
environment (pH = 4.0-4.5) (Conti, 2000). Honey produced by
A. cerana cerana had a pH within the range of 3.72-4.02 (mean
3.87 + 0.10), in which sample F and sample G might be more
susceptible to bacterial contamination.

The moisture content of honey depends on various factors,
like the harvesting season, the degree of maturity reached in the
hive and climatic factors (Lazarevi¢ et al., 2012), therefore the
parameter can be used to detect honey maturity (Kanbur et al,,
2021). The moisture in the analyzed honeys ranged from
19.20 to 22.53% (mean 20.77 + 1.23%), which is similar to the
moisture content (20.12%) in A. cerana honeys (Joshi et al,,
2000). Except sample A, C, E, and F, the moisture contained in
the other honeys exceeded the maximum acceptable content of
20% (Codex Alimentarius Commission, 2001), indicating that
sample A was the most mature.

The major constituents in honey are sugars, such as fructose
and glucose (Solayman et al., 2016). The fructose and glucose
ranged from 34.40 to 38.70 g 100 g (mean 36.54 + 1.30 g 100
g!) and 31.60-35.05 g 100 g* (mean 33.94 + 1.00 g 100 g'),
respectively. Additionally, all analyzed samples had a sucrose
content of less than 3%, the maximum limit regulated by Codex
Alimentarius Commission (2001), which could indicate that the
honey was not adulterated with sugar syrup and was properly
matured before harvesting. It has been stated that the amount
of sucrose varies according to the degree of ripening of the
honey and the content of the nectar, and the value of sucrose in
immature honey harvested very early was higher (Kolayli et al.,
2016). Although sugar contents in all honey samples did not differ
significantly (Table 1), sugars make up the largest proportion
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of dry matter in honey, and their qualitative and quantitative
composition is an important criterion in the quality assessment
of honey.

The color of honey samples in this study ranged from
31.00 to 80.00 mm Pfund (mean 46.63 *+ 16.53 mm Pfund),
in which sample A was significantly darker than sample I (p <
0.05) (Table 1). These values were lower compared to the results
as reported in Malaysian (76-113 mm Pfund) and Algerian
honey (111-150 mm Pfund) (Khalil et al., 2012). According to
the standard scale of honey color from water white (< 8 mm
Pfund) to dark amber (> 140 mm Pfund), the colors of the
analyzed honeys were divided into three groups: white (sample
L, E, and H), extra light amber (sample B, C, and G), and light
amber (sample D, E, and A). The color of honey is also largely
determined by its degree of crystallization and the conditions
in which physicochemical changes take place during storage
(Kedzierska-Matysek et al., 2021).

Ash content is a parameter used for the determination of the
botanical origin (floral, mix or honeydew) (Saxena etal., 2010).
The range of ash content in A. cerana cerana honeys was from
0.17 to 0.45 g 100 g' (mean 0.30 £ 0.09 g 100 g™'), which falls
within the limit allowed for floral honeys (0.6%).

The soluble solid was not only directly related to sugars and
the water levels but also served as an indicator parameter of the
rate in organic acids, minerals, sugars and so on (Biluca et al.,
2016). The analyzed samples presented Brix degrees ranging
from 75.87 to 79.10 (mean 77.61 + 1.16 ‘Brix).

The EC of honey reflects its botanical origin, the content
of mineral salts, proteins, and organic acids (Rodriguez et al.,
2019), being used as a honey quality indicator, assisting in the
identification and distinction of floral honey and honeydew
(Bettar et al., 2019). In this study, the results obtained for the
honey samples varied between 343.67 and 678.33 uS cm™ (mean
549.56 uS cm™), which complied with the Codex Standard for
honey to be < 0.8 mS cm™ (European Union, 2001), suggesting
that these samples were blossom honey or a blend of blossom
with honeydew honey. Our study results were similar to the
honey from the Black Sea region of Turkey (0.54 + 0.38 mS cm™)
(Bideci & Karasalihoglu, 2022). Specifically, the average EC value
in our study was lower than that of multifloral honey from Italy

(0.63 £ 0.37 mS cm™) (Conti et al., 2018) and A. cerana honey
(0.65 mS cm™) in Nepal (Joshi et al., 2000).

3.2 Multi-elemental analysis

The composition of mineral and trace elements has been
suggested as a useful parameter for the identification of both
botanical (Chen et al., 2014) and geographical origins of honey
(Baroni et al., 2015). However, the variation in micro-element
content in different honey types is primarily due to botanical
origin rather than geographical and environmental exposition of
nectar sources (Bogdanov et al., 2007). For the macro-elements,
it was found that sample C had the highest total element content
(1,605.70 + 10.90 mg kg"), followed by sample G (1,587.67 +
41.15 mg kg') and sample F (1,582.50 + 28.69 mg kg™'). It was
clear that the highest content of the total element in all honey
samples was mainly due to the presence of K in high concentration
(Table 2), which was in agreement with that K is the abundant
element (Conti, 2000; Pisani et al., 2008; Terrab et al., 2004). Ca
ranged from 103.07 to 228.00 mg kg ' (mean 181.45 + 39.64 mg
kg'), and Na and Mg were present in moderate amounts in the
honey samples, with average contents of 22.88 + 9.52 and 61.97
+ 19.46 mg kg'!, respectively.

Besides the macro-elements, Mn, B, Fe, Al, and Zn were the
main micro-elements, 4.81 +1.33,4.30 £ 1.19,2.45+£0.82,1.92 +
0.70,and 1.00 + 0.38 mg kg™!, respectively, while the contents of
Cr, V, Cu, Ni, Co, Pb, Ba, Cd, Mo, As, and Hg were detected at the
concentration less than 1 mg kg, in which Cd and Hg were not
detected in all honey samples at the level of mg kg™ (Table 3). It is
also believed that some portion of Al content might be attributed
to secondary sources such as metallic containers used for storage
during harvesting and handling processes (Pisani et al., 2008).
The trace contents of Co, Cr, Cu, Fe, Mn, and Zn are currently
considered essential for human nutrition (European Food Safety
Authority, 2017). The average concentration of Mn (4.81 + 1.33
mg kg!') was less than the highest Mn content (5.5 mg kg™') set
by World Health Organization (2011). Apart from the view of
elemental nutrients, honey is also sensitive to environmental or
anthropogenic contaminants (Fechner et al., 2020). The origin
of contamination can be the environment (air, water, plants, and
soil) and beekeeping practices (Costa-Silva et al., 2011). Asand
Pb are currently the most concern environment contaminants.

Table 1. The physicochemical parameters of multifloral honeys from A. cerana cerana.

Fructose (3100 Glucose (g 100

Sucrose (g 100

Electrical

Color (mm Ash content (g Soluble solid

Sample pH Moisture (%) s ) o) Pfund) 100 g") (°Brix) Condt;ﬁX;tY (1S
A 3.81+0.05® 19.20 £ 0.00° 36.20 £ 0.14° 34.10 £ 0.00* 1.75+£0.07* 80.00 + 0.00° 0.24 +0.00* 79.10 + 0.00° 48733 £4.514
B 3.79 £ 0.04® 22.10 + 0.00® 35.20 £0.28° 33.60 +£0.28° 2.40+0.14* 36.67 £ 0.58® 0.21 +0.00* 76.40 + 0.00 467.00 + 2.65"
C 3.83£0.01® 19.80 + 0.00® 34.40 £0.14° 33.90 £0.14° 1.25+0.07* 45.00 + 0.00® 0.45 +0.02" 78.50 + 0.00 678.33 £ 5.69¢
D 3.98 +0.02® 20.80 + 0.00® 36.65 +0.21° 34.70 £ 0.42° - 52.00 + 0.00® 0.22+0.01* 77.60 + 0.00 445.00 + 3.00°
E 3.85+0.01® 20.00 + 0.00® 36.60 +0.28° 34.45 +0.64° 1.70 £ 0.00* 33.33 £ 0.58® 0.34 +£0.00¢ 78.30 + 0.00° 632.00 + 4.36"
F 4.00 +0.02° 19.40 + 0.00® 38.70 £0.28* 31.60 £ 0.57* 68.67 +0.58° 0.38 +0.02¢ 78.90 + 0.00® 591.33 +0.58"
G 4,02 +0.01° 22.53+0.12° 37.70 £ 0.00° 35.05 + 0.64° 39.00 + 0.00® 0.35+0.03¢ 75.87 + 0.06 630.00 + 3.00°
H 3.85+0.01% 22.30 + 0.00° 37.55+0.07° 34.05+0.35° - 34.00 + 0.00® 0.37 £0.01¢ 76.20 + 0.00° 671.33+11.24°
I 3.72+£0.03 20.80 + 0.00® 35.90 £ 0.57* 34.05 +0.35° 2.70 +0.00* 31.00 + 0.00° 0.17 +0.017 77.60 + 0.00 343.67 + 1.15¢

Mean 3.87+0.10 20.77 +1.23 36.54 + 1.30 33.94+1.00 1.96 + 0.55 46.63 £16.53 0.30 £0.09 77.61 £ 1.16 549.56 + 112.96

“” for not detected. For each column, values followed by different lower case letters indicate significantly different values (p < 0.05) and different capital letters indicate significantly

different values (p < 0.01).
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Table 2. Content of macro-elements (mg kg") in A. cerana cerana honeys.

Sample K Ca Na Mg P Total
A 791.00 + 6.24* 178.67 + 3.794 25.53 +1.04* 65.00 + 0.404 4747 £ 1.0745% 1,107.67 + 6.26*
B 738.67 £ 1.158 132.67 + 1.15° 13.30 + 0.20° 38.33 + 1.89%¢ 44.33 £ 1,464 967.30 + 1.81%
C 1,315.67 £+ 10.07¢ 170.33 + 5.134 16.03 + 0.84" 62.60 +2.254 41.07 + 0.42"< 1,605.70 + 10.90%
D 658.67 +£9.07° 228.00 + 2.00¢ 18.73 + 0.60" 83.60 +2.62¢ 39.70 + 1.67°« 1,028.70 + 12.09%
E 1,140.67 + 20.03* 223.67 + 4.62°¢ 17.73 £ 0.31"" 67.50 + 2.074® 37.30 + 0.79Pkde 1,486.87 + 16.75"°
F 1,228.00 + 24.58" 194.33 £ 1.15° 41.00 £ 1.18% 62.83 + 1.534® 56.33 + 0.87" 1,582.50 + 28.69¢
G 1,188.33 + 37.54%F 202.67 +2.08° 37.10 + 0.80¢ 86.63 +2.76% 72.93 +1.01% 1,587.67 + 41.15%
H 1,215.00 + 23.64" 199.67 + 2.52P 21.37 £ 0.291 68.50 + 2.514° 50.83 + 0.67% 1,555.37 + 26.47P<
I 565.00 + 10.82¢ 103.07 + 4.24% 15.10 £ 0.175¢ 22.73 £1.02" 35.53 + 1.15% 741.43 + 14.78%

Mean 982.33 +278.09 181.45 + 39.64 22.88 +9.52 61.97 +19.46 47.28 +11.28

For each column, values followed by different lower case letters indicate significantly different values (p < 0.05) and different capital letters indicate significantly different values (p < 0.01).

Table 3. Content of micro-elements (mg kg) in A. cerana cerana honeys.

Honey sample
Element
A B C D E F G H I Mean

Cr 0.13 £0.01% 0.05 £ 0.00* 0.07 £ 0.00 0.09 £ 0.00 0.06 + 0.00® 0.24 £ 0.01° 0.07 £ 0.00* 0.05 + 0.00* 0.06 + 0.00 0.09 + 0.06
\Y% 0.01 + 0.004 0.01 £0.00%®  0.01 +0.005 0.01+0.00°  0.01+0.00® 0.01+0.00°¢¢ 0.01+ 0.00< 0.01 £ 0.00% 0.02 + 0.00 0.01 +0.00
Al 2.44 +0.10% 1.37 £0.05%®  1.68 +0.02P%  1.54 + 0.03°P¢  1.47 +0.0354  2.36 + 0.084* 1.80 + 0.02f¢ 1.15 + 0.04" 3.50 + 0.14 1.92£0.70
B 420 +0.16* 4.22 +0.10* 3.74 +0.14% 7.22 +0.04¢ 3.17 £0.19° 4.99 +0.10° 4.02 +0.084% 4.00 + 0.04F 3.12+0.14° 4.30 £ 1.19
Zn 0.84 +0.01* 0.64 + 0.00" 1.64 + 0.02¢ 1.30 £ 0.03" 0.89 +0.02% 1.01 + 0.02F 1.06 + 0.06" 1.32 £0.03° 0.31+0.01F 1.00 +0.38
Cu 0.25 +0.014 0.13 + 0.00% 0.19 £0.00° 023 £0.01*P*  0.06 £ 0.00%  0.20 £ 0.01°%¢  0.41 + 0.01% 0.15 + 0.00% 0.10 + 0.01% 0.19+0.10
Ni 0.06 + 0.00 0.02 + 0.00* 0.03 + 0.00 0.02 £ 0.00 0.02 + 0.00° 0.04 + 0.00° 0.07 £ 0.00* 0.02 + 0.00 0.02 + 0.00° 0.33 £0.02
Co 0.01 + 0.004 0.03 + 0.00% 0.02 + 0.00¢ 0.01 £ 0.004¢ 0.01 + 0.00"* 0.03 £ 0.00% 0.02 + 0.00"¢ 0.04 + 0.00¢ 0.04 + 0.00™ 0.02 +0.01
Fe 2.67 +£0.09% 1.17 £ 0.03% 2.70 £ 0.034 2.96 + 0.05% 226 £0.18%  4.10+0.10°  2.66+0.19%  1.92+0.15°%  1.64 +0.03% 2.45+0.82
Mn 4.52 +0.06* 2.50 £ 0.05% 5.40 +£0.10¢ 6.98 £ 0.18° 5.35+0.10¢ 5.93 + 0.06" 3.83+0.12° 5.36 £0.12¢ 3.38 £ 0.06¢ 4.81£1.33
Pb 0.05 + 0.00%* 0.02 + 0.00% 0.02 £ 0.00% 0.09 + 0.00%¢ 0.02 + 0.00% 0.02 + 0.00%¢ 0.02 £ 0.00%  0.02 £0.00%  0.02 + 0.00%* 0.03 £ 0.02
Ba 0.50 + 0.01* 0.40 + 0.02% 0.80 + 0.00¢ 0.29 +0.02P 0.28 + 0.01" 0.26 + 0.02°F  0.25+ 0.01"F 0.57 + 0.00% 0.23+0.01F 0.40 +0.18
Cd - - - - - - - - -

Mo 0.01 £0.004%  0.01 + 0.004%*  0.01 + 0.004%*  0.01 + 0.004*  0.01 £ 0.00*%  0.01 + 0.00% 0.02 +0.00°¢  0.00 + 0.00"* 0.00 + 0.00"* 0.01 +0.00
As 0.01 £ 0.00® 0.01 £ 0.00® 0.01 + 0.00* 0.01 £ 0.00® 0.01 + 0.00® 0.01 £ 0.00® 0.01 £ 0.00® 0.00 £ 0.00° 0.01 £ 0.00® 0.01 +0.00
Hg - - - - - - - -

Total 1573 £0.42% 1057 +0.20° 16.32+0.18* 20.77+0.17¢ 13.61 +0.22°  19.21 £ 0.24* 14.26 + 0.41°" 14.62 +0.21"  12.46 + 0.22¢

“-” for not detected. For each row, values followed by different lower case letters indicate significantly different values (p < 0.05) and different capital letters indicate significantly different

values (p < 0.01).

A PTMI of 1.75 mg (0.25 mg d™*) for a 70-kg person (0.025 mg
kg* body weight/wk) was designated for Pb (World Health
Organization, 2011). For the tested sample D with the highest
Pb (0.09 ppm), a 20-g daily honey consumption translates into
a weekly intake of 0.0126 mg. This intake only represents about
0.72% of the PTWT for Pb, indicating that heavy metal intake from
honey is well below the recommended dose, and consumption
of these honeys is not considered dangerous for human health.

3.3 Total phenolic content, total flavonoid content and
antiradical activity

The flavonoids and phenolic acids are deemed as of the
significant group of components specified in honey having an
antiradical activity (Alotibi et al., 2018). In the current study,
the TPC of A. cerana cerana honeys ranged from 18.85 to 45.46
mg GAE 100 g (mean 27.64 + 8.16 mg GAE 100 g') (Table 4),
which was lower than a mean TPC of 408.9 mg GA kg reported
by Zhao et al. (2017), and our result was similar to Yemen
honey (30.81 + 1.94 mg GA kg!) (Habib et al., 2014). The TFC
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varied from 3.38 to 10.02 mg RE 100 g (mean 6.02 + 2.18 mg
RE 100 g'), which was similar to that in Yemeni multifloral
honey (mean 5.29 + 0.44 mg QE kg') (Wabaidur et al., 2020)
and Brazilian honey (21.6-109.1 mg QE kg') (SantAna et al.,
2012). Table 4 showed the comparative data of DPPH radical
scavenging activity was determined by the IC,  values of the
different honey samples. Sample A had the highest TPC and
TFC and, in consequence, the highest antiradical activity with
IC,, value 0f 2.63 + 0.17 mg mL"".

Figure 2 showed that the TPC, TFC, and color were negatively
correlated with the IC, value of honey samples (p < 0.01). The
higher TPC and TFC or the darker color would result in the lower
IC,, value, indicating the honey has stronger antiradical activity.
In addition, the higher correlation between IC_ value and TPC
than between IC,_ value and TFC suggested that the phenolic
acids are one of the most important compounds contributing
to the antiradical activity of honey (Cheung et al., 2019). The
color of A. cerana cerana honeys was positively correlated with
TPC and TFC (Figure 2), which means that the dark-colored
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Table 4. Total phenolic contents, total flavonoid contents and antioxidant activity of multifloral honeys from A. cerana cerana.

Honey samples

Parameter
A B C D F G H I Mean
TPC 4546 +0.37°  31.35+0.17"° 25.80 +£0.50® 30.53 £0.32® 19.21 £1.05> 32.92+0.35° 22.74+0.39® 21.94+0.15° 18.85+0.05>° 27.64+8.16
(mgGAE100g")
TEC 10.02£0.25® 338 +£0.02° 6.23+047%¢  6.87+0.10° 4.01+0.10°¢  8.66+0.53d  6.11 +0.42®¢ 3.84+0.13%4 506+ 0.20"4 6.02 +2.18
(mgRE 100g™")
DPPH 2.63+0.174  4.06 + 0.7845® 450 + 0.50°*¢  4.53 + 0.40%>¢  7.27 + 0.75P%  4.87 + 1.055% 6,02 + 1.465%d 6,76 + 0.225P«¢  11.10 + 2.12P¢ 5.75+2.51

(IC,, mg mL")

For each row, values followed by different lower case letters indicate significantly different values (p < 0.05) and different capital letters indicate significantly different values (p < 0.01).

-0.220 -0.175 0.058 Total elements
-0.217 -0.178 0.052 Total macro-elements
-0.355 0.336 0.637** Total micro-elements
| 1.00
0477* | 0.747** TFC |
- - +0.50
-0.756%* 0.747** TPC
| L0.00
Color L 050
DPPH (IC,) TPC  TFC o,

Figure 2. Heatmap of the correlation coefficients for DPPH antiradical
capacity (IC50) versus elements, TPC, TFC, and color by Pearson mode.
Orange indicates positive correlation and blue indicates negative
correlation.

honeys possessed higher antiradical activity as compared to
honey with a light color (Bertoncelj et al., 2007).

4 Conclusions

In the present study, we analyzed and evaluated the major
differences among the nine multifloral honeys produced by A.
cerana cerana from Qiongzhong region in Hainan province in
terms of physicochemical parameters, elements, and antiradical
activity. The levels of heavy metals and toxic elements in the
analyzed honeys were low or not detected. Moreover, close
relationships were shown between antiradical activity and TPC
as well as color. In general, the honeys produced in Qiongzhong
region of Hainan province were high in phytochemicals (phenols
and flavonoids) and displayed strong antiradical activities. We
also discovered that moisture, electrical conductivity, and sugars
in the certain A. cerana cerana honeys did not meet A. mellifera
honey standards. Our findings clearly illustrated the functional
food potential of multifloral honeys from A. cerana cerana in
Hainan province, as well as provided important baseline data
for setting A. cerana cerana honey standards.

Acknowledgements

This work was supported by Hainan Provincial Natural
Science Foundation of China (Grant No. 321RC626), China

Agriculture Research System of MOF and MARA (CARS-44-
SYZ-11) and Hainan Provincial Science Foundation of China
(Grant No. 2019RC273). The authors greatly thank the generous
beekeepers in Hainan province for their full cooperation they
made in this study.

References

Alotibi, I. A., Harakeh, S. M., Al-Mamary, M., Mariod, A. A., Al-Jaouni,
S. K., Al-Masaud, S., Alharbi, M. G., & Al-Hindi, R. R. (2018). Floral
markers and biological activity of Saudi honey. Saudi Journal of
Biological Sciences, 25(7), 1369-1374. http://dx.doi.org/10.1016/j.
sjbs.2018.05.021. PMid:30505183.

Aumeeruddy, M. Z., Aumeeruddy-Elalfi, Z., Neetoo, H., Zengin, G., van
Staden, A. B., Fibrich, B., Lambrechts, I. A., Rademan, S., Szuman,
K. M., Lall, N., & Mahomoodally, E (2019). Pharmacological
activities, chemical profile, and physicochemical properties of raw
and commercial honey. Biocatalysis and Agricultural Biotechnology,
18, 101005. http://dx.doi.org/10.1016/j.bcab.2019.01.043.

Baroni, M. V., Podio, N. S., Badini, R. G., Inga, M., Ostera, H. A., Cagnoni,
M., Gautier, E. A., Garcia, P. P, Hoogewerff, J., & Wunderlin, D. A.
(2015). Linking soil, water, and honey composition to assess the
geographical origin of Argentinean honey by multielemental and
isotopic analyses. Journal of Agricultural and Food Chemistry, 63(18),
4638-4645. http://dx.doi.org/10.1021/jf5060112. PMid:25905785.

Bertoncelj, ., Dobersek, U., Jamnik, M., & Golob, T. (2007). Evaluation
of the phenolic content, antioxidant activity and colour of Slovenian
honey. Food Chemistry, 105(2), 822-828. http://dx.doi.org/10.1016/j.
foodchem.2007.01.060.

Bettar, 1., Gonzdlez-Miret, M. L., Hernanz, D., Marconi, A., Heredia,
E J., & Terrab, A. (2019). Characterisation of Moroccan Spurge
(Euphorbia) honeys by their physicochemical characteristics, mineral
contents and colour. Arabian Journal of Chemistry, 12(8), 2052-2060.
http://dx.doi.org/10.1016/j.arabjc.2015.01.003.

Bideci, G. B. C., & Karasalihoglu, S. (2022). A retrospective study:
physicochemical properties of the flower honey from the Black Sea
region of Turkey in different years. Food Science and Technology,
42, €58120. http://dx.doi.org/10.1590/fst.58120.

Biluca, E. C., Braghini, F, Gonzaga, L. V., Costa, A. C. O., & Fett, R.
(2016). Physicochemical profiles, minerals, and bioactive compounds
of stingless bee honey (Meliponinae). Journal of Food Composition
and Analysis, 50, 61-69. http://dx.doi.org/10.1016/j.jfca.2016.05.007.

Bogdanov, S., Haldimann, M., Luginbiihl, W., & Gallmann, P. (2007).
Minerals in honey: environmental, geographical and botanical
aspects. Journal of Apicultural Research, 46(4), 269-275. http://
dx.doi.org/10.1080/00218839.2007.11101407.

Can, Z., Yildiz, O., Sahin, H., Turumtay, E. A., Silici, S., & Kolayli, S.
(2015). An investigation of Turkish honeys: their physico-chemical
properties, antioxidant capacities and phenolic profiles. Food Chemistry,

Food Sci. Technol, Campinas, 42, €22522, 2022


https://doi.org/10.1016/j.sjbs.2018.05.021
https://doi.org/10.1016/j.sjbs.2018.05.021
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30505183&dopt=Abstract
https://doi.org/10.1016/j.bcab.2019.01.043
https://doi.org/10.1021/jf5060112
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25905785&dopt=Abstract
https://doi.org/10.1016/j.foodchem.2007.01.060
https://doi.org/10.1016/j.foodchem.2007.01.060
https://doi.org/10.1016/j.arabjc.2015.01.003
https://doi.org/10.1590/fst.58120
https://doi.org/10.1016/j.jfca.2016.05.007
https://doi.org/10.1080/00218839.2007.11101407
https://doi.org/10.1080/00218839.2007.11101407

Wu et al.

180, 133-141. http://dx.doi.org/10.1016/j.foodchem.2015.02.024.
PMid:25766810.

Chen, H,, Fan, C., Chang, Q., Pang, G., Hu, X,, Lu, M., & Wang, W.
(2014). Chemometric determination of the botanical origin for
Chinese honeys on the basis of mineral elements determined by
ICP-MS. Journal of Agricultural and Food Chemistry, 62(11), 2443-
2448. http://dx.doi.org/lO.1021/jf405045q. PMid:24579819.

Cheng, N., Du, B., Wang, Y., Gao, H., Cao, W,, Zheng, J., & Feng, E.
(2014). Antioxidant properties of jujube honey and its protective
effects against chronic alcohol-induced liver damage in mice. Food
& Function, 5(5), 900-908. http://dx.doi.org/10.1039/c3f060623f.
PMid:24603671.

Cheung, Y., Meenu, M., Yu, X., & Xu, B. (2019). Phenolic acids and
flavonoids profiles of commercial honey from different floral sources
and geographic sources. International Journal of Food Properties,
22(1),290-308. http://dx.doi.org/10.1080/10942912.2019.1579835.

Chua, L. S., Abdul-Rahaman, N. L., Sarmidi, M. R., & Aziz, R. (2012).
Multi-elemental composition and physical properties of honey
samples from Malaysia. Food Chemistry, 135(3), 880-887. http://
dx.doi.org/10.1016/j.foodchem.2012.05.106. PMid:22953800.

Codex Alimentarius Commission (2001). Alinorm 41/10: revised
standard for honey. Alinorm, 1, 19-26.

Conti, M. E. (2000). Lazio region (central Italy) honeys: a survey of
mineral content and typical quality parameters. Food Control, 11(6),
459-463. http://dx.doi.org/10.1016/S0956-7135(00)00011-6.

Conti, M. E., Canepari, S., Finoia, M. G., Mele, G., & Astolfi, M. L.
(2018). Characterization of Italian multifloral honeys on the basis
of their mineral content and some typical quality parameters.
Journal of Food Composition and Analysis, 74, 102-113. http://dx.doi.
org/10.1016/j.jfca.2018.09.002.

Costa-Silva, ., Maia, M., Matos, C. C., Cal¢ada, E., Barros, A. I. R. N.
A., &Nunes, E. M. (2011). Selenium content of Portuguese unifloral
honeys. Journal of Food Composition and Analysis, 24(3), 351-355.
http://dx.doi.org/10.1016/j.jfca.2010.09.019.

El-Haskoury, R., Al-Waili, N., El-Hilaly, J., Al-Waili, W., & Lyoussi, B.
(2019). Antioxidant, hypoglycemic, and hepatoprotective effect of
aqueous and ethyl acetate extract of carob honey in streptozotocin-
induced diabetic rats. Veterinary World, 12(12), 1916-1923. http://
dx.doi.org/10.14202/vetworld.2019.1916-1923. PMid:32095041.

European Food Safety Authority - EFSA. (2017). Dietary reference
values for nutrients summary report. EFSA Supporting Publication,
14(12), e15121.

European Union - EU. (2001). Council directive 2001/110/EC of 20
December 2001 relating to honey. Brussels: Official Journal of the
European Communities.

Fechner, D. C., Hidalgo, M. ], Diaz, J. D. R., Gil, R. A., & Pellerano, R.
G. (2020). Geographical origin authentication of honey produced in
Argentina. Food Bioscience, 33,100483. http://dx.doi.org/10.1016/j.
bi10.2019.100483.

Gregorio, A., Galhardo, D., Sereia, M. J., Wielewski, P., Gavazzoni, L.,
Santos, I. F, Sangaleti, G. S. S. G. M. G., Cardoso, E. C., Bortoti, T.
L., Zanatta, L. A., Gongalves, L. M., Suzin, M. A., Santos, A. A., &
Toledo, V. A. A. (2021). Antimicrobial activity, physical-chemical and
activity antioxidant of honey samples of Apis mellifera from different
regions of Parand, southern Brazil. Food Science and Technology,
41(Suppl. 2), 583-590. http://dx.doi.org/10.1590/fst.32820.

Habib, H. M., Megbali, E T., Kamal, H., Souka, U. D., & Ibrahim, W.
H. (2014). Bioactive components, antioxidant and DNA damage
inhibitory activities of honeys from arid regions. Food Chemistry,

Food Sci. Technol, Campinas, 42, €22522, 2022

153, 28-34. http://dx.doi.org/10.1016/j.foodchem.2013.12.044.
PMid:24491696.

Joshi, S. R., Pechhacker, H., Willam, A., & von der Ohe, W. (2000).
Physico-chemical characteristics of Apis dorsata, A. cerana and
A. mellifera honey from Chitwan district, central Nepal. Apidologie,
31(3), 367-375. http://dx.doi.org/10.1051/apid0:2000128.

Kanbur, E. D., Yuksek, T., Atamov, V., & Ozcelik, A. E. (2021). A
comparison of the physicochemical properties of chestnut and
highland honey: the case of Senoz Valley in the Rize province of
Turkey. Food Chemistry, 345, 128864. http://dx.doi.org/10.1016/].
foodchem.2020.128864. PMid:33601663.

Kavanagh, S., Gunnoo, J., Passos, T. M., Stout, J. C., & White, B.
(2019). Physicochemical properties and phenolic content of
honey from different floral origins and from rural versus urban
landscapes. Food Chemistry, 272, 66-75. http://dx.doi.org/10.1016/j.
foodchem.2018.08.035. PMid:30309595.

Kedzierska-Matysek, M., Florek, M., Wolanciuk, A., Barlowska, J., &
Litwinczuk, Z. (2018). Concentration of minerals in nectar honeys
from direct sale and retail in Poland. Biological Trace Element
Research, 186, 579-588. http://dx.doi.org/10.1007/s12011-018-
1315-0. PMid:29619631.

Kedzierska-Matysek, M., Teter, A., Stryjecka, M., Skalecki, P., Domaradzki,
P, Rudas$, M., & Florek, M. (2021). Relationships linking the colour
and elemental concentrations of blossom honeys with their antioxidant
activity: a chemometric approach. Agriculture, 11(8), 702. http://
dx.doi.org/10.3390/agriculture11080702.

Khalil, I., Moniruzzaman, M., Boukra4, L., Benhanifia, M., Islam, A.,
Islam, N., Sulaiman, S. A., & Gan, S. H. (2012). Physicochemical
and antioxidant properties of Algerian honey. Molecules, 17(9),
11199-11215. http://dx.doi.org/10.3390/molecules170911199.
PMid:22996344.

Kolayli, S., Can, Z., Yildiz, O., Sahin, H., & Karaoglu, S. A. (2016). A
comparative study of the antihyaluronidase, antiurease, antioxidant,
antimicrobial and physicochemical properties of different unifloral
degrees of chestnut (Castanea sativa Mill.) honeys. Journal of Enzyme
Inhibition and Medicinal Chemistry, 31(Suppl. 3), 96-104. http://
dx.doi.org/10.1080/14756366.2016.1209494. PMid:27440492.

Lazarevi¢, K. B., Andrié, F, Trifkovié, J., Tesié, Z., & Milojkovi¢-Opsenica,
D. (2012). Characterisation of Serbian unifloral honeys according
to their physicochemical parameters. Food Chemistry, 132(4), 2060-
2064. http://dx.doi.org/10.1016/j.foodchem.2011.12.048.

Nascimento, A. G. M., Toledo, B. S., Guimaries, J. T., Ramos, G. L.
P. A, Cunha, D. T,, Pimentel, T. C., Cruz, A. G., Freitas, M. Q,,
Esmerino, E. A., & Marsico, E. T. (2022). The impact of packaging
design on the perceived quality of honey by Brazilian consumers.
Food Research International, 151, 110887. http://dx.doi.org/10.1016/j.
foodres.2021.110887. PMid:34980414.

Oroian, M., Ropciug, S., Paduret, S., & Sanduleac, E. T. (2017).
Authentication of Romanian honeys based on physicochemical
properties, texture and chemometric. Journal of Food Science and
Technology, 54(13), 4240-4250. http://dx.doi.org/10.1007/s13197-
017-2893-0. PMid:29184230.

Park, H. G,, Lee, K. S., Kim, B. Y., Yoon, H. J., Choi, Y. S., Lee, K. Y., Wan,
H.,Li, ], &Jin, B. R. (2018). Honeybee (Apis cerana) vitellogenin acts
as an antimicrobial and antioxidant agent in the body and venom.
Developmental and Comparative Immunology, 85, 51-60. http://
dx.doi.org/10.1016/j.dci.2018.04.001. PMid:29621531.

Pisani, A., Protano, G., & Riccobono, E (2008). Minor and trace
elements in different honey types produced in Siena county (Italy).
Food Chemistry, 107(4), 1553-1560. http://dx.doi.org/10.1016/j.
foodchem.2007.09.029.


https://doi.org/10.1016/j.foodchem.2015.02.024
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25766810&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25766810&dopt=Abstract
https://doi.org/10.1021/jf405045q
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24579819&dopt=Abstract
https://doi.org/10.1039/c3fo60623f
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24603671&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24603671&dopt=Abstract
https://doi.org/10.1080/10942912.2019.1579835
https://doi.org/10.1016/j.foodchem.2012.05.106
https://doi.org/10.1016/j.foodchem.2012.05.106
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22953800&dopt=Abstract
https://doi.org/10.1016/S0956-7135(00)00011-6
https://doi.org/10.1016/j.jfca.2018.09.002
https://doi.org/10.1016/j.jfca.2018.09.002
https://doi.org/10.1016/j.jfca.2010.09.019
https://doi.org/10.14202/vetworld.2019.1916-1923
https://doi.org/10.14202/vetworld.2019.1916-1923
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32095041&dopt=Abstract
https://doi.org/10.1016/j.fbio.2019.100483
https://doi.org/10.1016/j.fbio.2019.100483
https://doi.org/10.1590/fst.32820
https://doi.org/10.1016/j.foodchem.2013.12.044
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24491696&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24491696&dopt=Abstract
https://doi.org/10.1051/apido:2000128
https://doi.org/10.1016/j.foodchem.2020.128864
https://doi.org/10.1016/j.foodchem.2020.128864
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33601663&dopt=Abstract
https://doi.org/10.1016/j.foodchem.2018.08.035
https://doi.org/10.1016/j.foodchem.2018.08.035
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30309595&dopt=Abstract
https://doi.org/10.1007/s12011-018-1315-0
https://doi.org/10.1007/s12011-018-1315-0
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29619631&dopt=Abstract
https://doi.org/10.3390/agriculture11080702
https://doi.org/10.3390/agriculture11080702
https://doi.org/10.3390/molecules170911199
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22996344&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22996344&dopt=Abstract
https://doi.org/10.1080/14756366.2016.1209494
https://doi.org/10.1080/14756366.2016.1209494
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27440492&dopt=Abstract
https://doi.org/10.1016/j.foodchem.2011.12.048
https://doi.org/10.1016/j.foodres.2021.110887
https://doi.org/10.1016/j.foodres.2021.110887
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34980414&dopt=Abstract
https://doi.org/10.1007/s13197-017-2893-0
https://doi.org/10.1007/s13197-017-2893-0
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29184230&dopt=Abstract
https://doi.org/10.1016/j.dci.2018.04.001
https://doi.org/10.1016/j.dci.2018.04.001
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29621531&dopt=Abstract
https://doi.org/10.1016/j.foodchem.2007.09.029
https://doi.org/10.1016/j.foodchem.2007.09.029

Multifloral honeys from Apis cerana cerana

Rodriguez, I., Camara-Martos, E, Flores, J. M., & Serrano, S. (2019).
Spanish avocado (Persea americana Mill.) honey: authentication
based on its composition criteria, mineral content and sensory
attributes. Lebensmittel-Wissenschaft + Technologie, 111, 561-572.
http://dx.doi.org/10.1016/j.1wt.2019.05.068.

SantAna, L. D., Sousa, J. P. L. M., Salgueiro, E. B,, Lorenzon, M. C. A,,
& Castro, R. N. (2012). Characterization of monofloral honeys
with multivariate analysis of their chemical profile and antioxidant
activity. Journal of Food Science, 77(1), C135-C140. http://dx.doi.
org/10.1111/j.1750-3841.2011.02490.x. PMid:22133147.

Saxena, S., Gautam, S., & Sharma, A. (2010). Physical, biochemical
and antioxidant properties of some Indian honeys. Food Chemistry,
118(2), 391-397. http://dx.doi.org/10.1016/j.foodchem.2009.05.001.

Singleton, V. L., & Rossi, J. A. (1965). Colorimetry of total phenolics
with phosphomolybdic- phosphotungstic acid reagents. American
Journal of Enology and Viticulture, 16, 144-158.

Soares, S., Grazina, L., Mafra, 1., Costa, J., Pinto, M. A., Duc, H. P,
Oliveira, M. B. P. P,, & Amaral, J. S. (2018). Novel diagnostic tools
for Asian (Apis cerana) and European (Apis mellifera) honey
authentication. Food Research International, 105, 686-693. http://
dx.doi.org/10.1016/j.foodres.2017.11.081. PMid:29433263.

Solayman, M., Islam, A., Paul, S., Ali, Y., Khalil, I., Alam, N., & Gan, S.
H. (2016). Physicochemical properties, minerals, trace elements, and
heavy metals in honey of different origins: a comprehensive review.
Comprehensive Reviews in Food Science and Food Safety, 15(1), 219-
233. http://dx.doi.org/10.1111/1541-4337.12182. PMid:33371579.

Terrab, A., Recamales, A. E, Hernanz, D., & Heredia, E. J. (2004).
Characterisation of Spanish thyme honeys by their physicochemical
characteristics and mineral contents. Food Chemistry, 88(4), 537-542.
http://dx.doi.org/10.1016/j.foodchem.2004.01.068.

Vanhanen, L. P, Emmertz, A., & Savage, G. P. (2011). Mineral analysis of
mono-floral New Zealand honey. Food Chemistry, 128(1), 236-240.
http://dx.doi.org/10.1016/j.foodchem.2011.02.064. PMid:25214355.

Wabaidur, S. M., Obbed, M. S., Alothman, Z. A., Alfaris, N. A., Badjah-
hadj-Ahmed, A. Y, Siddiqui, M. R., Altamimi, J. Z., & Aldayel, T. S.
(2020). Total phenolic acids and flavonoid contents determination
in Yemeni honey of various floral sources: Folin-Ciocalteu and
spectrophotometric approach. Food Science and Technology, 40(Suppl.
2), 647-652. http://dx.doi.org/10.1590/fst.33119.

Wang, X., Rogers, K. M, Li, Y., Yang, S., Chen, L., & Zhou, J. (2019).
Untargeted and targeted discrimination of honey collected by Apis
cerana and Apis mellifera based on volatiles using HS-GC-IMS and
HS-SPME-GC-MS. Journal of Agricultural and Food Chemistry,
67(43), 12144-12152. http://dx.doi.org/10.1021/acs.jafc.9b04438.
PMid:31587558.

World Health Organization - WHO. Food and Agriculture Organization
of the United Nations — FAO. (2011). Evaluation of certain food
additives and contaminants. Seventy-third report of the joint FAO/
WHO Expert Committee on Food Additives (WHO Technical Report
Series, no. 960). Geneva: WHO.

Wuy, ], Duan, Y., Gao, Z., Yang, X, Zhao, D., Gao, J., Han, W, Li, G., &
Wang, S. (2020). Quality comparison of multifloral honeys produced
by Apis cerana cerana, Apis dorsata and Lepidotrigona flavibasis.
Lebensmittel-Wissenschaft + Technologie, 134, 110225. http://dx.doi.
0rg/10.1016/j.1wt.2020.110225.

Zhao, H., Cheng, N., He, L., Peng, G., Xue, X., Wu, L., & Cao, W.
(2017). Antioxidant and hepatoprotective effects of A. cerana
honey against acute alcohol-induced liver damage in mice. Food
Research International, 101, 35-44. http://dx.doi.org/10.1016/j.
foodres.2017.08.014. PMid:28941695.

Food Sci. Technol, Campinas, 42, €22522, 2022


https://doi.org/10.1016/j.foodchem.2011.02.064
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25214355&dopt=Abstract
https://doi.org/10.1590/fst.33119
https://doi.org/10.1021/acs.jafc.9b04438
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31587558&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31587558&dopt=Abstract
https://doi.org/10.1016/j.lwt.2020.110225
https://doi.org/10.1016/j.lwt.2020.110225
https://doi.org/10.1016/j.foodres.2017.08.014
https://doi.org/10.1016/j.foodres.2017.08.014
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28941695&dopt=Abstract
https://doi.org/10.1016/j.lwt.2019.05.068
https://doi.org/10.1111/j.1750-3841.2011.02490.x
https://doi.org/10.1111/j.1750-3841.2011.02490.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22133147&dopt=Abstract
https://doi.org/10.1016/j.foodchem.2009.05.001
https://doi.org/10.1016/j.foodres.2017.11.081
https://doi.org/10.1016/j.foodres.2017.11.081
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29433263&dopt=Abstract
https://doi.org/10.1111/1541-4337.12182
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33371579&dopt=Abstract
https://doi.org/10.1016/j.foodchem.2004.01.068

