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Abstract
The physicochemical profile composition of four different types of honey samples and their antioxidant activity were analyzed. 
The physicochemical properties, including fructose, glucose, sucrose, total phenols (TP), flavonoids, insoluble matter, 
5-hydroxymethylfurfural (5-HMF), amylase, sucrase, and 17 amino acids, and antioxidant power, were determined in four 
kinds of honey from Guizhou. The results showed significant differences in the physicochemical composition and antioxidant 
power of different honey samples. Among them, compared with other honey samples, Coptis chinensis Franc honey showed 
more TP and total phenolic content and a stronger antioxidant capacity. The correlation analysis showed that 5-HMF was 
negatively correlated with antioxidant indicators, TP, flavonoids, and multiple amino acids, implying that 5-HMF may affect 
the quality and biological activity of honey. Various amino acids were significantly correlated with antioxidant activity, TP, 
and flavonoids. Principal component analysis revealed that multiple amino acids played a major role in the first principal 
component (PC1), which may suggest that amino acids are an important factor in the quality of honey. Taken together, these 
findings provide a reference for further research on honey quality from different sources and its associated health effects.

Keywords: honey; physicochemical properties; antioxidant; correlation analysis; principal component analysis.

Practical Application: Guizhou province is a highland region in China, there are so rich in floral reserves that it can provide 
thousands of tonnes of honey. Biodiversity, natural riches and a large variety of flora and climate gives honeys with many 
different colors, aromas and flavors. Therefore, analyzing the physicochemical composition of honey in Guizhou will provide a 
theoretical basis for the processing and preservation of honey, as well as contribute to study its effect on health.
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1 INTRODUCTION
Honey is a naturally sweet food produced by honeybees 

from the nectar of flowers, which bees pollinate and combine 
with their special components, and it is stored and brewed into 
honeycombs (da Costa & Toro, 2021). Honey contains complex 
compounds, which include more than 200 substances. Water, 
fructose, and glucose are the major food elements in honey (da 
Silva et al., 2016). In addition, monosaccharides and disaccha-
rides account for 90% of the total sugars in honey. These sugars 
greatly influence honey’s physical and chemical properties, such 
as energy value, viscosity, morphology, hygroscopicity, and gran-
ulation. The other 10% of the compounds, including proteins, 
minerals, phenolic compounds, amino acids, enzymes, organ-
ic acids, carotenoids, vitamins, minerals, and other aromatic 
substances, affect organoleptic features such as color, flavor, 
aroma, and texture (Pereira et al., 2020). The physicochemical 
composition of honey greatly affects its biological activity.

Total flavonoids and polyphenols are considerable, vital ac-
tive ingredients in honey and are regarded as potential indicators 
of the botanical source of honey (Muhammad & Sarbon, 2023). 
In addition, these compounds also dramatically affect the color, 

flavor, and aroma of honey and exert beneficial health effects 
on humans through anti-inflammatory, antimicrobial, and an-
tioxidative activities in vitro and in vivo (Pauliuc et al., 2020). 
For example, a study showed that honey intake increased the 
antioxidant capacity of athletes compared to alternative sweet-
ener intake by increasing total antioxidant capacity, superoxide 
dismutase, and catalase (CAT) activities, and reducing active 
oxygen and malondialdehyde levels (Tartibian & Maleki, 2012). 
In New Zealand, Manuka honey with a deeply dark color and 
high level of phenolic substances is a useful treatment for peo-
ple with wounds and burns (Stephens et al., 2010). In Turkey, 
light-colored honey had lower ferric ion-reducing antioxidant 
power (FRAP) values than dark-colored honey, and the higher 
total phenolic (TP) content indicated that the honey had a 
higher antioxidant capacity and FRAP value (Can et al., 2015).

The protein content In honey is usually low, between 0.1 
and 0.5%, and its content varies depending on the type of honey. 
The proteins in honey are mainly enzymatic compounds such 
as cellulase, glucosidase, CAT, acid phosphatase, amylase, and 
glucose oxidase (Sak-Bosnar & Sakac, 2012). The changes in 
protein content, both quantitative and qualitative, in honey 
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were associated with polyphenolic substances (Brudzynski et al., 
2013). Diastases are a group of amylolytic enzymes, including 
α-amylase and β-amylase. α-Amylase hydrolyzes α-D-(1-4)-
linked starch chains to produce dextrins. β-Amylases hydrolyze 
the terminal starch chains, leading to the formation of maltose. 
Diastase content in honey depends on bee age, the physiological 
stage of the colony, the floral and geographical origins, and the 
large amount of nectar and its sugar content, which can lead to 
lower enzyme levels. Moreover, glucose oxidase in honey has 
antibacterial properties by producing hydrogen peroxide and 
gluconic acid derived from glucose.

Amino acids are one of the compounds in honey, originat-
ing mostly from bees but occasionally from plant pollen sources 
(Archilia et al., 2021). More than 20 amino acids were detected 
in honey, and their type and relative amount depended on the 
flower nectar or honeydew (Hermosı ́n et  al., 2003). Among 
them, proline was predominant, accounting for 50–85% of all 
amino acids, followed by aspartate, glutamate, lysine, and some 
other types of amino acids (Archilia et al., 2021). Since amino 
acids rely on the pollen in honey, the profile of amino acids in 
honey may be a feature of its geographical or botanical origin. 
In addition, proline has been used as a criterion for evaluating 
the maturity of honey (da Silva et al., 2016).

The Maillard reaction is an important nonenzymatic reac-
tion for color formation in honey. The reaction is generated by 
the carboxyl group on the reducing end of the sugar with the free 
amino group of amino acids and proteins, which produces many 
intermediate products. 5-Hydroxymethylfurfural (5-HMF) is a 
cyclic aldehyde formed via the existence of glucose, fructose, 
and many acids in honey (Lee and Nagy, 1990). 5-HMF is 
one of the main intermediates of the Maillard reaction and is 
formed when honey is heated or stored for long periods of time 
(Yücel & Sultanog˘lu, 2013). In addition, 5-HMF can also be 
produced by the dehydration of honey in an acidic environment 
(Islam et al., 2014). In general, fresh honey has no or low levels 
of 5-HMF, while it has a high concentration of 5-HMF when 
aged and/or stored at relatively high or moderate temperatures. 
The use of metal containers for honey storage is positively as-
sociated with the level of 5-HMF in honey (Shapla et al., 2018).  
Therefore, 5-HMF is often used as an essential indicator of poor 
storage conditions and poor honey quality. 5-HMF has been 
reported to have negative effects on human mucous membranes, 
skin, and eyes, as well as causing cytotoxicity in the upper respi-
ratory tract, chromosomal aberrations, and carcinogenic effects.

Different types and amounts of compounds in honey de-
pend on bee species, flower source, climate, region, season, 
harvest mode, environmental conditions, processing techniques, 
and storage (Tornuk et al., 2013), and these factors may impact 
the antioxidant activity of honey. The objective of this study was 
to quantify the chemical compositions of four Guizhou honey 
samples from different nectar sources, including amylase and 
sucrase, insoluble matter, TP, 5-HMF, amino acids, glucose, 
fructose, and sucrose. Furthermore, the antioxidant activity was 
analyzed via 1,1-diphenyl-2-picrylhydrazyl (DPPH) and 2,’’-az-
inobis-(3-ethylbenzthiazoline-6-sulfonate) (ABTS) assays. The 
correlation between chemical parameters and antioxidant power 
was further evaluated through Pearson’s correlation analysis.

2 MATERIALS AND METHODS

2.1 Materials

Coptis chinensis Franc honey (sample 1), Baihua honey 
(sample 2), Sapium sebiferum (L.) Roxb honey (sample 3), and 
Rhus chinensis Mill honey (sample 4) were kindly provided 
by the apiary of ZhenZhen (Zunyi, China). All the honey 
samples were stored in tightly closed containers at 4°C until 
further use. The sucrase kit was purchased from Suzhou 
Michy Biomedical Technology Co., Ltd. (Suzhou, China). 
DPPH and ABTS were purchased from Sigma Chemical, 
Co. (Sigma, USA). All chemicals and reagents used were of 
analytical grade.

2.2 Measurement of fructose, glucose, and sucrose

Glucose, fructose, and sucrose were determined by HPLC 
(Waters 2695, Massachusetts, USA) and an Althena NH2-RP 
column (250 mm*4.6 mm, 5 μm). The mobile phase used was 
80% acetonitrile water at a flow rate of 1 mL/min, the column 
temperature was maintained at 40°C, and the injection volume 
was 10 μL. The values are shown as mg/g of honey. The ratio of 
fructose to glucose (F/G) was measured by dividing the fructose 
content by the glucose content.

2.3 Analysis of total phenols and flavonoids, 5-HMF,  
and Insoluble matter of the four types of honey

2.3.1 Total phenols and flavonoids

TPs in all honey samples were analyzed by the Folin-Ci-
ocalteu method (Guo et al., 2019). Briefly, a 1 g honey sample 
was added to 20 mL of ultrapure water. A 20-μL honey solution 
was mixed with 20 μL of Folin-Ciocalteu reagent, 30 μL of 20% 
sodium carbonate, and a fixed volume of 200 μL of ultrapure 
water. After 30 min of incubation in the dark at room tempera-
ture, the absorbance of the mixture was recorded at 760 nm 
using a microplate reader (Multiskan GO, Thermo-Fisher, USA).  
The amounts of flavonoids were measured by a colorimetric 
method at 415 nm. Briefly, honey (0.5 g) was diluted to 25 mL 
with 95% ethanol, shaken at 65°C for 45 min, and then centri-
fuged at 5,000 rpm for 10 min; 200 μL of supernatant was added 
to 4 μL of 0.5 mol/L aluminum nitrate solution and 4 μL of 1 
mol/L potassium acetate solution, mixed well, and then left at 
25°C for 30 min. The absorbance of the mixture was determined 
at 415 nm by a microplate reader. Rutin was used as the standard 
to set up a validation curve.

2.3.2 Determination of 5-HMF content

5-HMF was determined by HPLC equipped with UV 
detection. Briefly, 1 g of honey was weighed, added to 10 mL 
of ultrapure water, dissolved by shaking, leached overnight 
after sonication for 1 h, centrifuged to remove the superna-
tant, and filtered for testing. Separation was performed on an 
HP-C18 reversed-phase column (250 mm ´ 4.6 mm, 5 μm).  
The signals were compared with those from standards of 
known concentration.
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2.3.3 Assessment of the insoluble matter

The insoluble matter was determined according to the 
method of Pereira et  al. (2020). Briefly, honey samples (5 g) 
were weighed, dissolved in 10 mL ultrapure water, shaken, 
and centrifuged at 10,000 × g for 5 min. The supernatant was 
collected, 2 mL of ultrapure water was added, and the mixture 
was heated to 60°C and filtered using Whatman filter paper.  
The sediment was dried at 80°C until its weight remained con-
stant. The percentage of insoluble matter was calculated using 
the Equation 1:

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝐼𝐼𝑚𝑚(%) = 𝑀𝑀1 − 𝑀𝑀2
𝑀𝑀 × %  (1)

Where:

M1: the mass of the precipitate;

M2: the weight of the paper filter before filtration;

M: the weight of the honey.

Measurements of amylase and sucrase

The amylase in honey samples was measured using a previ-
ously described method (Ajlouni & Sujirapinyokul, 2010). We 
dissolved 5 g of the honey sample in 15 mL of ultrapure water 
and 5 mL of acetate buffer solution (pH 5.0), added 3 mL of 
sodium chloride solution, and made the volume up to 50 mL. 
Notably, 10 mL of the solution were transferred to a 50-mL flask 
and placed in a water bath at 40°C together with another flask 
containing 10 mL of the 1% starch solution. After 15 min, 5 mL 
of the starch solution was dissolved in the honey solution and 
mixed. At regular intervals, the first time after 5 min, 0.5 mL 
of the mixture was mixed with 5 mL of diluted iodine solution 
and 22 mL ultrapure water, vortexed, and immediately mea-
sured against a water blank at 660 nm. Sucrase was determined 
according to the manufacturer’s instructions with a commercial 
assay kit (Suzhou, China).

2.5 Detection of amino acids

Amino acid compositions were determined as described 
in previous studies (Sommano et al., 2020) with minor mod-
ifications. One gram of honey was dissolved in 10 mL of an 
extraction solution consisting of 6 mol/L HCl and 0.1% phe-
nol, digested for 2 h, and cooled at room temperature. Then, 
1 mL of hydrolysis solution was placed into a 10 mL volu-
metric flask, 1 mL of 6 mol/L NaOH was added to neutralize 
the solution, and the volume was brought up to 10 mL with 
ultrapure water, passed through a 0.22 μm filter membrane, 
and then put into the machine. HPLC analysis was carried 
out using a RIGOL L3000 HPLC system (Dongke, China) 
with a Sepax Amethyst C18-H (250 mm × 4.6 mm, 5 μm). 
Detection was conducted at 254 nm with an injection volume 
of 10 μL. Next, 7.6 g of anhydrous sodium acetate was added 
to 925 mL of ultrapure water. After ultrasonic dissolution, the 
pH was set to 6.5 with glacial acetic acid, and then 70 mL of 
acetonitrile was added (A) along with 80% acetonitrile (B) 

with a flow rate of 1 mL/min. The injected sample volume 
was 10 μL. The gradient of mobile phase B was as follows: 
0% at 0 min, 0% at 2 min, 10% at 15 min, 30% at 25 min, 
45% at 33 min, 100% at 33.1 min, 100% at 38 min, 0% at 38.1 
min, and 0% at 45 min. The peak areas were applied for the 
quantification of amino acids. The results for each amino acid 
are shown in μg/mL.

2.6 Analysis of antioxidant activity in honey: DPPH and 
ABTS assays

The DPPH free radical scavenging rate was measured by 
the Leon-Ruiz method with some modifications (Leon-Ruiz 
et al., 2013). Honey samples were dissolved in ultrapure water 
at a ratio of 1:1 (m/v) and then diluted 10 times. A volume of 
100 μL of the solution were mixed with 100 μL of 0.2 mmol/L 
DPPH-ethanol solution. The mixture was incubated in the 
dark at room temperature for 30 min, and then the absorbance 
of the remaining DPPH was measured at 517 nm against a 
blank. In addition, the sample control group was set up without 
DPPH-ethanol solution and without diluted solution as a blank 
control group, and the clearance was calculated according to 
the Equation 2:

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = [1 −
(sample assay OD value − sample control OD value)

 blank control OD value ] × 100% (2)

The ABTS scavenging capacities of honey samples were 
measured following a previously described procedure with 
slight modification (Dudonné et al., 2009). The honey sam-
ples were dissolved in water at a ratio of 1:1 (m/v) and then 
diluted 10 times. A volume of 40 mL of diluted solution was 
mixed with 160 μL of ABTS working solution (2.6 mmol/L 
potassium persulfate and 7.4 mmol/L ABTS were mixed in 
equal volumes, and the mixture was allowed to stand in the 
dark at room temperature for 12 h before use). Then, the 
mixture was diluted in deionized water to an absorbance of 
0.7 (0.02) at 734 nm and placed in the dark for 8 min, and the 
absorbance values were analyzed at 734 nm using a microplate 
reader. In addition, the sample control group was set up by not 
adding ABTS working solution and without diluted solution 
as a blank control group, and the clearance was calculated 
according to the Equation 3:

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = [1 −
(sample assay OD value − sample control OD value)

 blank control OD value ] × 100% (3)

2.7 Statistical analysis

The results are shown as the mean±standard deviation (SD). 
Data analysis was carried out using the SPSS 24.0 statistical 
software (SPSS Inc., Chicago, IL, USA) with Tukey’s HSD test. 
Probability values of p<0.05 were accepted as statistically sig-
nificant. Pearson correlation analysis was performed to evaluate 
the correlation between the effects of different honey samples 
on antioxidants and their chemical compositions.
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3 RESULTS AND DISCUSSION

3.1 Determination of sugar content in four types of honey

Fructose, glucose, and sucrose could be taken as indicators 
to estimate the physicochemical properties and nutritional value 
of honey. Fructose is related to the sweetness of honey, while the 
glucose content determines the nectar source (Aljohar et al., 2018). 
The sucrose content can be used to evaluate the maturity and 
freshness of honey. The lower the sucrose content, the more mature 
the honey, and the better the collection time (Pereira et al., 2020).

In this study, the results showed that fructose, glucose, sucrose, 
and the ratio of F/G were significantly different among the four 
honey samples with different nectar sources (p<0.05; Figure 1).  
The fructose content of sample 3 was the highest, while that of 
sample 1 was the lowest. The glucose content in sample 4 was 
the highest, while the glucose content in sample 1 was the lowest, 
which led to an increase in the F/G ratio in sample 4 and a decrease 
in the F/G ratio in sample 1. A previous study found that honey 
from wild blossom plants showed higher glucose values (Pereira 
et al., 2020). The fructose and glucose contents of any particular 
honey largely depend on the composition of the plant secretions. 
Some studies reported that the F/G ratio of honey was between 1.10 
and 1.36, which can reduce the crystallization of honey and allow 
it to remain liquid for longer periods (Ouchemoukh et al., 2010). 
In this study, the lowest amount of sucrose was found in sample 
1, while the highest content of sucrose was found in sample 2.

3.2 Total phenols, flavonoids, 5-HMF, and insoluble matter 
in the four types of honey

The biological characteristics of honey depend on the 
amount of native antioxidants in the pollen and other nectar 

collected by the bees (Schramm et al., 2003). The antioxidant 
activity of honey is not only related to the existence of phenolics, 
flavonoids, and CAT but also associated with the reaction prod-
ucts of the macrobiotic reaction in honey (Gheldof & Engeseth, 
2002; Sergiel et al., 2014). The TP and flavonoid contents were 
analyzed in four honey samples, and there were significant dif-
ferences in the TP and total flavonoid contents of the four honey 
samples (Figures 2A and 2B; p<0.05). The highest TP (0.402 
mg/g) and flavonoid (0.194 mg/g) contents were identified in 
sample 1, followed by sample 3, sample 4, and sample 2. Sample 
1 (Coptidis rhizome) is one of the most widely used traditional 
Chinese medicine herbs in the field. There are also a variety of 
active ingredients in sample 1, such as berberine, epiberberine, 
phenylpropanoids, flavonoids, and phenolic compounds (Han 
et al., 2019). These components may provide a reference for a 
wide range of bioactive functions in sample 1.

The quantification of 5-HMF is important to verify the de-
terioration of honey, which indicates elevated temperatures for 
heat treatment and/or unsuitable storage Conditions (Tornuk 
et al., 2013). Therefore, honey with low levels of 5-HMF can be 
considered fresh or high-quality honey and can be stored in 
better conditions. Values between 5.91 and 15.60 mg/kg were 
shown in four types of honey (Figure 2D; p<0.05). The high-
est content of 5-HMF was found in sample 1 (15.60 mg/kg). 
However, the 5-HMF values of sample 1 were lower than the 
Chinese national standard (China, 2003), which is 20–40 mg/kg, 
and much lower than the HMF value of 80 mg/kg for tropical 
countries according to the Codex Alimentarius standard (Com-
mission, 2000). Studies have shown that excessive 5-HMF may 
cause potential carcinogenic risk by inducing gene mutations 

*Means with different letters differ significantly in each subfigure (p<0.05).
Figure 1. Analysis of fructose, glucose, and sucrose contents in honey. 
(A) fructose; (B) glucose; (C) fructose/glucose (F/G); (D) sucrose*. 

*Means with different letters differ significantly in each subfigure (p<0.05).
Figure 2. Analysis of TP, flavonoids, insoluble matter, and 5-HMF 
content in honey. (A) TP; (B) flavonoid; (C) insoluble matter; (D) 
5-HMF*. 
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and DNA strand breaks (Feridoun & Hiroyuki, 2007), while 
some scholars have claimed that 5-HMF itself is not toxic and 
it can form sulfoxymethylfurfural and 5-chloromethylfurfural 
in vivo and in vitro, respectively, which are highly carcinogenic 
and genotoxic (Guo et al., 2011).

Insoluble matter was produced by processing failures, and 
it was used to evaluate the cleanliness and content of physical 
impurities in honey. In this study, the insoluble matter values 
in all honey samples were significantly lower than the Brazilian 
legislation (Brazil, 2000) (Figure 2C), which is a maximum of 
≤0.10 g/100 g. The values of water-insoluble solids were con-
sistent with the results in Brazilian honey and Turkish honey 
(Can et al., 2015; Pereira et al., 2020), and all the honey samples 
showed values within the criteria.

3.3 Amylase and sucrose activities in four types of honey

Amylase was used to assess the freshness of honey, which 
plays a role in the digestion of starch and is secreted from the 
honeybee. Among the four types of honey, the highest amylase 
activity was found in sample 1 (13.47±0.19 mL/h/g), followed 
by sample 3 (11.89±0.15 mL/h/g), sample 2 (8.27±0.07 mL/h/g), 
and sample 4 (8.07±0.07 mL/h/g).

In honey samples, sucrose transferase is more sensitive 
to temperature changes than amylase. Both honey and nectar 
contain sucrase, which is mainly produced by the subpharyn-
geal glands of bees and then flows into the mouth, where it is 
most likely to be added to the nectar or honey (Żoltowska et al., 
2012). In the present work, sucrose transferase was determined 
in four honey samples, and the results are shown in Figure 3. 
Sucrose transferase activity showed obvious differences in all 
honey samples, with values ranging from 2,117.45±80.10 to 
2,095.22±25.85 μg/min/g. The differences in amylase activity in 
honey samples are influenced by storage conditions, harvesting 
methods, and honeybee species. In this research, the activities 
of both enzymes showed significant differences in four honey 
samples, which may be related to the nectar source.

3.4 Amino acid content in four types of honey

Amino acids are a class of small-molecule compounds in 
honey that mainly depend on the pollen of flowering plants, 

climate, environment, and bee species. In this study, 17 amino 
acids were identified in the four honey samples, and the re-
sults are shown in Table 1. Honey from different floral origins 
possessed the same type of amino acids in different amounts.  
The highest amino acid content was found in sample 1, followed 
by sample 3, sample 2, and sample 4. The amino acid content of 
sample 1 is 2.43 times higher than that of sample 4, and it is 1.95 
times higher than that of sample 2. Glutamic acid (620.06±12.44 
μg/g) was the most abundant amino acid in sample 1, fol-
lowed by proline (461.74±40.25 μg/g). The other three types of 
honey contained the most phenylalanine, followed by proline.  
In contrast to other studies (da Silva et  al., 2016; Hermosı ́n 
et al., 2003), proline was not the most abundant amino acid in 
these honey samples, but glutamic acid and phenylalanine were 
followed by proline. This difference may be due to differences in 
honeybee species, geography, and nectar plants. Many studies 
have noted that the amount of proline in honey is a marker of 
purity, and the proline content is noticeably reduced in adul-
terated honey (Can et al., 2015; Cavrar et al., 2013; Cotte et al., 
2004). According to the Honey Code, the desired level of proline 
in honey is 250 mg/kg, but the higher the quality of the honey, 
the more proline It contains.

3.5 Antioxidant power of the four types of honey

Oxidative stress can be characterized as an imbalance 
between oxidants and antioxidants in favor of oxidants. Ox-
idative stress results in oxidative damage that can impact vari-
ous physiological functions. Free radicals and reactive oxygen 
species are the main oxidants in the cellular system, and they 
are involved in aging and in the development of many kinds 
of diseases. Many honey flavonoids and phenolic acids have 
antioxidant activity.

DPPH and ABTS possess excellent reproducibility and 
stability, and they were used to assess the in vitro antioxidant 
levels in honey. The results are shown in Figures 4A and 4B, 
indicating that the scavenging activity of DPPH and ABTS 
followed a similar pattern as that of TP and flavonoids. Sample 
1 exhibited the highest ABTS scavenging activity, which was 
2.65±0.02 μmol Trolox/g, followed by sample 4 (1.86±0.03 μmol 
Trolox/g), sample 2 (1.81±0.01 μmol Trolox/g), and sample 3 
(1.68±0.02 μmol Trolox/g). A similar result was obtained for 
the DPPH free radical scavenging capacity, with the highest 
DPPH value found in sample 1. These results demonstrated that 
sample 1 had the highest antioxidation capacities, which may be 
associated with its bioactive ingredients, such as phenolic acids, 
flavonoids, and berberine, and that antioxidant activity showed 
differences in honey from different sources.

3.6 Correlation analysis

There were significant differences in the physicochemical 
composition of the honey samples as well as in their antioxidant 
activity. To verify the correlation between physicochemical 
indicators and antioxidant activity or the physicochemical in-
dicators themselves, Spearman’s correlation analysis was per-
formed in this study. Based on the heatmap (Figure 5), 5-HMF 
was negatively correlated with sucrose, TP, flavonoids, DPPH, 

*Means with different letters differ significantly in each subfigure (p<0.05).
Figure 3. Determination of amylase and sucrase activities. (A) amy-
lase; (B) sucrase*. 
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and a variety of amino acids (Pro, Try, Val, Ala, His, Glu, Gly, 
and Asp). There was a significant positive correlation among 
multiple amino acids. Furthermore, DPPH was significantly 
and positively correlated with Pro, TP, flavonoids, Ile, ABTS, 
Try, Val, Ala, His, Gly, and Glu, and ABTS was significantly and 
positively correlated with sucrose and TP. In addition, TP and 
flavonoids showed a significant positive correlation with Pro. 
In summary, our results indicated that 5-HMF was significantly 
and negatively associated with multiple physical and chemical 
indicators, which may suggest that 5-HFM has a strong influence 
on honey quality. A variety of amino acids were significantly 
correlated with antioxidant activity (ABTS and DPPH), TP, and 
flavonoids, which may suggest that the effects of amino acids 

on the quality and biological activity of honey samples may be 
of greater interest.

3.7 Principal component analysis

PCA is a method of statistical procedure analysis that 
is usually used to compare the results of analytical methods 
for a group of samples. In this study, PCA was performed 
to evaluate four different types of honey samples from var-
ious nectars in Guizhou and identify honey samples with  
similar characteristics.

The first principal component (PC1) contributed to 41.7% 
of the variance, while the second principal component (PC2) 
represented 23.6% of the variance; the first two principal com-
ponents accounted for a total of 65.3% of the original varianc-
es. As shown in Figure 6A, there was a clear difference in the 
four honey samples, and they were clearly separated from each 
other. Specifically, samples 2 and 4 were closer together, which 
indicated that the fingerprint profiles of the physicochemical 
indicators of these two types of honey were more similar, while 
sample 1 was far from sample 3, indicating that these honey 
samples had different physicochemical fingerprint profiles. All 
physiochemical parameters are normalized to ensure that all 
parameters have equal weight in the outcome. According to 
Figure 6B, PC1 was closely and positively correlated with the 
values of DPPH, ABTS, TP, flavonoids, and multiple amino 
acids (Glu, Ala, His, Tyr, Ser, and Gly) but negatively correlat-
ed with 5-HMF and fructose. PC2 was closely related to the 
physiochemical components of sucrase, amylase, Phe, Lys, and 

Table 1. Amino acid analysis of honey samples*.

*Data are expressed as the mean±SD; means with different letters within a row differ significantly (p<0.05); ND: not detected.

μg/g Sample 1 Sample 2 Sample 3 Sample 4

Asp 192.54±5.78a 36.07±2.36b 36.55±3.47b 33.70±4.76b

Glu 620.06±12.44a 18.44±0.37b 16.19±0.68b 18.47±1.02b

Ser 118.99±5.31a 21.39±1.47b 8.92±0.29c 8.28±0.34c

Gly 24.54±2.40a 4.054±0.24b 2.94±0.15b 2.67±0.15b

His 43.26±2.09a 7.045±1.04b 6.60±0.60b 8.70±0.99b

Arg ND ND ND ND

Thr 21.36±4.14a 8.20±0.37b 5.17±0.83b 6.16±0.90b

Ala 62.07±4.11a 9.53±0.30b 10.18±0.32b 9.78±0.74b

Pro 461.74±40.25a 184.05±2.55c 231.68±2.61b 159.72±6.57c

Tyr 31.31±2.36a 11.99±0.48b 10.47±0.42b 12.77±0.79b

Val 26.43±2.61a 19.69±0.48b 19.21±0.76b 19.52±1.29b

Met ND ND ND ND

Cys ND ND ND ND

Ile 91.39±5.92a 45.72±0.25c 38.67±1.10d 51.64±1.07b

Leu 7.29±1.38a 4.92±0.50b 5.27±0.29b 7.09±0.75a

Phe 135.14±3.50d 560.31±3.67b 1331.12±5.92a 412.22±17.30c

Lys 12.01±1.80a 12.45±0.20a 9.98±0.19b 12.04±0.59a

Sum 1848.14 943.88 1732.95 762.74

Mean value 132.01 67.42 123.78 54.48

*Means with different letters differ significantly in each subfigure (p<0.05).
Figure 4. Analysis of free radical scavenging rates in honey. (A) 
ABTS; (B) DPPH*. 
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F/G. The main variables for PC3 were sucrose, glucose, and 
Leu. The results showed that the physicochemical parameters, 
including TP, flavonoids, Pro, F/G, 5-HMF, and amylase, were 
important indicators that may affect the quality of the four 
honey samples.

4 CONCLUSION
In this study, a number of physicochemical parameters 

were measured in four different types of honey with differ-
ent nectars from Guizhou. The findings demonstrated that 
there were significant differences in the physicochemical 
parameters of honey samples from different nectar sources. 
In particular, compared with the other groups, Franc honey 
had lower 5-FMH and sucrose contents but the highest F/G 
value, total phenols, and total flavonoids, and the strongest 
ability to scavenge free radicals. Additionally, glutamic acid 

was the most abundant amino acid in Franc honey (sample 
1), while the other honey samples were rich in phenylal-
anine. The correlation analysis showed that 5-HMF was 
strongly and negatively associated with multiple physical 
and chemical indicators, which may suggest that 5-HFM 
has a strong influence on honey quality. PCA showed that 
physiochemical components such as TP, flavonoids, Pro, 
F/G ratio, 5-HMF, and amylase could be important factors 
affecting the quality of honey.
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