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The antioxidant activity of honey is mainly evaluated based on its phenolic acid and total flavonoid content, while other parameters are not considered important. The purpose of this study is to comprehensively evaluate the impact of honey's physicochemical indicators and the altitude of the collection site on its quality. This study measured physical and chemical indicators in Dalbergia hainanensis Merr. et Chun honey (DH), blueberry honey (BH), Eriobotrya japonica Lindl. honey (EH), and Rhus chinensis Mill. honey (RH) and then combined them to comprehensively analyze the influencing factors of honey's antioxidant capacity using correlation analysis, principal component analysis (PCA), and regression analysis. The results showed that the 2,2′-azinobis-(3-ethylbenzthiazoline-6-sulfonate) (ABTS+) clearance ability of DH (17.60 ± 4.61 mg/ml) was significantly better than the other three varieties of honey (p <0.05). The results of the correlation analysis showed that the IC50 of the ABTS+ clearance rate was significantly negatively correlated with total flavonoid, Vitamin B1 (VB1), and Vitamin C (VC) content, as well as the a* and b * values, while positively correlated with elevation. The PCA results showed that the principal components (PCs) with eigenvalues exceeding 1 explained 86.28% of the variation. The IC50 of the ABTS+ clearance rate and altitude play an essential role in PC1, suggesting that two indicators are important in distinguishing different honeys. The regression analysis showed that total flavonoid and Vitamins B1 and C content, as well as elevation, are indispensable parameters affecting the antioxidant properties of honey. These results provide a reference method for evaluating the quality of honey from different places and altitudes.
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1 Introduction

Honey is a natural sweetener and a health supplement rich in biological activity and possesses nutritional and essential medicinal properties. It is a natural source of nutrients required for human metabolism (Al-Waili et al., 2013; Sakač et al., 2019) and is widely used in food and medicine (Eteraf-Oskouei and Najafi, 2013; Molan and Rhodes, 2015; Johnston et al., 2018). Honey mainly contains carbohydrates (fructose and glucose), functional oligosaccharides, and water, and secondary components such as organic acids, enzymes, vitamins, minerals, and phenolic compounds (Carvalho et al., 2009; Da Silva et al., 2016; Sowa et al., 2017; Cianciosi et al., 2018).

The antioxidant properties of honey are critical indicators for evaluating its value, and previous studies have emphasized that the phenolic acid and flavonoid content of honey determine the strength of its antioxidant properties and quality. Earlier research suggested that honey with higher total phenolic acids possesses higher antioxidant properties such as in Christmas vine [Turbina corymbosa (L.) Raf ], Morning glory (Ipomoea triloba L.), Black mangrove (Avicennia germinans Jacq.), Linen vine (Govania polygama (Jack) Urb), and Singing bean [Lysiloma latisiquum (L.) Benth] (Alvarez-Suarez et al., 2010). The total phenolic content in 39 honey species, such as rosemary, orange, thyme, arbutus, locust pod shrub, and heather, was a key variable explaining the antioxidant activity of bayberry and black locust pod honey in southern Portugal (Alves et al., 2013). The antioxidant properties of 13 varieties of honey, such as that from strawberry tree (Arbutus unedo), buckwheat (Fagopyrum esculetum), chestnut (Castanea sativa), sulla (Hedysarum coronarium), clover (Trifolium incarnatum), dandelion (Taraxacum officinalis), chicory (Chicorium intybus), and acacia (Robinia pseudoacacia), were strictly related to their phenolic content and honey color intensity (Beretta et al., 2005). Honey from Clidemia and Myrcia was found to possess higher levels of total phenols and therefore higher antioxidant activity (Da Silva et al., 2013). The high concentration of phenolic compounds in propolis explains its remarkable antioxidant effects (Saroglu et al., 2023).

Although the phenolic content in honey is an essential reason for its antioxidant activity (Beretta et al., 2005; Wang et al., 2011; Da Silva et al., 2013), the total phenolic content in honey itself is insufficient to determine its complete antioxidant activity (Gül and Pehlivan, 2018). Studies have shown that the total phenolic content alone is inadequate to measure antioxidant activity (Natella et al., 1999; Pekkarinen et al., 1999; Antolovich et al., 2004). Some authors reported that the total phenolic content in honey cannot be positively correlated with its antioxidant activity at any time (Al-Mamary et al., 2002; Küçük et al., 2007). Research shows that the flower source determines honey quality (Castiglioni et al., 2017; Boussaid et al., 2018; Shakoori et al., 2024), along with elevation (Neupane et al., 2015), climate (Liang et al., 2018; Liu et al., 2022), color value (Beretta et al., 2005), vitamins and amino acids (Liu et al., 2023), and other parameters (Gül and Pehlivan, 2018). Another study suggested that the bee hive's geographical locations and plant resources directly and significantly correlate with honey quality (Gül and Pehlivan, 2018; Shakoori et al., 2024). This close relationship is reflected in the fact that, on the one hand, the effective substances in plants follow the collecting bees into the beehive and ferment into honey. On the other hand, the components in honey can be tracked and localized to plant resources (Haidamus et al., 2019; León-Canul et al., 2023). In contrast, the species Rosaceae, Amaranthaceae, Fabaceae, and Asteraceae had the greatest impact on honey's antioxidant activity (Shakoori et al., 2024). However, in existing studies, some underlying factors have been given less importance, and few consider the contribution of various indicators in honey to its antioxidant properties based on an overall perspective, making it difficult to evaluate the value of honey comprehensively.

Guizhou province, located in the southwestern region of China, has a subtropical monsoon climate. The mountainous areas in the province vary significantly in altitude, but the altitudes are below 2,700 m. The vegetation is dense in the Guizhou province, and the forest cover exceeds 62% (Li et al., 2001). Rhus chinensis Mill. (Sapindales: Anacardiaceae), Dalbergia hainanensis Merr. et Chun (Lamiales: Fabales: Fabaceae), and Eriobotrya japonica Lindl. (Rosales: Rosaceae) are widely distributed throughout the province. Guizhou province is the largest area for blueberry cultivation in China (Li et al., 2001). Previous studies showed that Rhus chinensis Mill. honey (RH) contains highly antibacterial active ingredients (Tajima et al., 2016; Sun et al., 2018), while Dalbergia hainanensis Merr. et Chun honey (DH) has a high amino acid content (Pan et al., 2022). Their total phenol and flavonoid content, as well as DPPH• and ABTS+ free radical scavenging abilities of Eriobotrya japonica Lindl. Honey (EH) collected by Apis cerana is relatively high (Zhao et al., 2021), and the total phenolic content is positively correlated with its antioxidant activity (Cao et al., 2005). The polyphenol and total flavonoid content in blueberry honey (BH) is significantly correlated with ABTS+ and DPPH• radical clearance IC50 values (Ran et al., 2020).

Above all, the unique geographical environment prevailing in the Guizhou province endows it with a distinct climate, vegetation distribution, and growth patterns. Therefore, it is crucial to investigate honey's composition and nutritional levels in these unique climate and terrain conditions to support the growth and high-quality development of the honey industry.

This study focused on analyzing the physical and chemical characteristics, composition variations, and their impact on antioxidant performance among four distinctive types of honey in the Guizhou province. The findings may contribute significant data to understand the composition variations and quality of distinctive honey types.



2 Materials and methods


2.1 Experimental honey source

The four honey types used for this study came from beekeepers in Guizhou province from mature Apis cerana. All samples were stored in a 4°C refrigerator for use. The source information for honey is shown in Table 1.


TABLE 1 Source information for experimental honey.

[image: Table 1]



2.2 Test equipment and reagent

All chemicals and reagents were analytically pure and purchased from Solarbio (Beijing Solarbio Science & Technology Co., Ltd., China). Gallic acid, rutin, glucose, and quercetin were purchased from Sigma-Aldrich (Shanghai) Trading Co., Ltd. The spectrophotometer (UV-2550) and colorimeter (CR-400) were produced by Shimadzu Corporate Management (China) Co., Ltd.



2.3 Determination of total sugar, total phenol acid, and total flavonoid content

The soluble sugar content was measured using Anthone sulfate method, which can decompose sucrose into soluble glucose and fructose in water under the action of sulfuric acid. The specific steps of soluble sugar detection can be found in Liu (2012). The presence of phenolic substances was determined using Folin–Ciocalteu colorimetry (Fonte et al., 2013). A volume of 50 μL of diluted honey, 425 μL of distilled water, and 125 μL of Folin–Ciocalteu reagent were added to a reaction tube, stirred, and left to stand for 6 min. Then, 400 μL of 7.1% sodium bicarbonate solution was then added. After standing for 1 h in dark conditions, the absorbance was read at 760 nm. The standard curve was constructed using gallic acid. The analysis was carried out three times, and the results were expressed as the relative amount of gallic acid (mg GAE/100 g honey). The total flavonoid content was determined using the sodium nitrite–aluminum nitrate method (Du et al., 2019). First, 5% sodium nitrite, 10% aluminum nitrate, and 4% sodium hydroxide solutions were prepared for use. Second, 5 g of each of the above solutions was added to 5 ml of distilled water to prepare a 1 g/ml solution. Third, to 1 ml of solutions from step 2, the following were added: 1 ml of ethanol (70%), 0.5 ml of the prepared sodium nitrite solution, and 0.5 ml of aluminum nitrate solution. After 6 min of reaction, 4 ml of the prepared sodium hydroxide solution was added, and after a further 6 min, 3 ml of ethanol (70%) was added. Finally, the absorbance value was measured at 510 nm after 15 min. The total flavonoid content in the sample was calculated according to the standard curve, expressed as the relative amount of rutin (mg RE/100 g honey).



2.4 Determination of the ABTS+, DPPH•, and hydroxyl radical scavenging rate IC50 values

A modified method based on Zheng et al. (2015) was used to test the ABTS+ scavenging rate IC50. The working ABTS+ solution was obtained by mixing 10 ml of ABTS+ solution (10 mmol/L) and 176 μl of potassium persulfate solution (140 mmol/L). A mass of 1.2 g of different honey samples was weighed and dissolved in 30 ml of distilled water to produce 0.04 g/ml sample solutions, to which 4 ml of working solution was added, mixed well, and allowed to stand for 30 min in the absence of light. The absorption value was measured at 734 nm. ABTS+ free radical semi-inhibition rate was calculated according to the Equation (1):
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Note: Ab is the absorption value of the blank control, and As is the absorption value of the test sample.

The DPPH• clearance rate was determined according to Brand-Williams et al. (1995). After absorbing 5 ml DPPH• mother liquor containing 50 ml of 95% ethanol, a 0.1 mmol/L DPPH• ethanol solution was prepared. A volume of 2 ml of honey sample was added to different test tubes, and 2 ml of the above DPPH• ethanol solution was added. After mixing, it was allowed to stand for 30 min in the dark. Then the absorbance value at a wavelength of 517 nm was determined. Each sample's DPPH• free radical clearance rate IC50 value was calculated according to Equation (2):
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Note: Ac is the absorption value of the blank control, and As is the absorption value of the test sample.

The hydroxyl radical scavenging rate was determined according to Kunchandy and Rao (1990). A mass of 0.3336 g of ferrous sulfate was weighed and dissolved in 200 ml of distilled water to form a ferrous sulfate solution. A mass of 0.1656 g of salicylic acid was weighed and dissolved in 200 ml of ethanol (95%) to prepare a salicylic acid ethanol solution. A volume of 140 μl of hydrogen peroxide was absorbed and added to 300 ml of distilled water to prepare a hydrogen peroxide solution. A mass of 24 g honey sample was weighed and dissolved in 30 ml of distilled water. Then 2.0, 1.6, 1.2, 0.8, and 0.4 mL of the resulting solution were removed, respectively, into test tubes. Distilled water (2 ml) was added to each test tube, followed by 2 ml of the ferrous peroxide already prepared and 2 ml of hydrogen peroxide already prepared. Each test tube was mixed well and left to stand for 10 min, then 2 ml of the above salicylic acid ethanol solution was added, mixed well, and left to stand for 30 min. The absorbance (recorded as A1) was measured at 510 nm.

In the control group, distilled water was used, and the absorbance was recorded as A2. In the blank group, distilled water was used, and the absorbance was recorded as A3. The IC50 value represented the inhibition rate of the honey sample. The hydroxyl radical semi-inhibition rate was calculated according to Equation (3):
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2.5 Determination of Vitamin B1 and Vitamin C content

Vitamin B1 (VB1) content (μg/ml) was determined using ultraviolet and visible light spectrophotometry. First, 100 μL of the honey sample was mixed with 600 μL of the reaction solution from the reagent kit, and 300 μL of distilled water. Then it was heated in a water bath at 80°C for 30 min, and its absorbance value (A1) measured at 704 nm. Secondly, the absorbance values of standard solutions with concentrations of 250 and 62.5 μg/mL, as well as the absorbance values of blank tubes were measured. Then, Y was calculated according to Equation (4). Thirdly, by substituting the difference in absorbance values between A1 and the blank tube as Y, the content X of VB1 can be calculated.

[image: image]

Note: Y represents the difference in absorbance between the standard tube and the blank tube. X is the standard solution concentration.

The Vitamin C (VC) (μg/mL) content was determined using a colorimetric method. Firstly, 0.15 mL of honey sample is diluted 10 times (A1). A1 is mixed with 0.45 mL of the reserve solution provided in the reagent kit and centrifuged for 10 min (3,500–4,000 rpm). Then, 0.4 mL of the supernatant is taken. Secondly, 1.85 mL of the test solution provided by the reagent kit is added to the first supernatant, mixed well, and then heated in a water bath at 37°C for 3 min before measuring its absorbance value (A2) (wavelength 536 nm). Thirdly, the absorbance values of A1 with blank tubes (A3) and standard tubes (A4) with a concentration of 6 μg/mL (A5) were compared. The VC content was calculated according to Equation (5). The VB1 and VC reagent kit was purchased from Solarbio (Beijing Solarbio Science & Technology Co., Ltd., Beijing, China).
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2.6 Determination of amino acid content

Determining the amino acid content follows the method reported by Carratù et al. (2011). A volume of 12.5 g of honey was treated with 375 μL of a solution of α-aminobutyric acid, which was used as an internal standard (1 g/L). After isolation, the final volume of the sample was 10 mL. The pH of the solution was adjusted to 3.2, and the sample was refrigerated before derivatization. The derivatization procedure was the same as used by Chicón et al. (2001) for wine and must samples: 30 μl of diethyl ethoxymethylenemalonate, 1.5 mL of methanol, 1 ml of the solution of isolated amino acids, and 3.5 mL of borate buffer were placed in a 10 mL tube with a screw tap. Then the tube was placed in an ultrasound bath for 30 min at room temperature and then analyzed using an amino acid analyzer (Hitachi L-8900, Hitachi Ltd., Tokyo, Japan). The chemical purity of 16 standard single amino acid products is ≥98%.



2.7 Determination of moisture and Baumé degree

A handheld honey sugar meter was used to measure honey's moisture and Baumé degree (Shenzhen Fuxinpeng Electronic Technology Co., Ltd., Shenzhen, China). One to two drops of each honey sample were placed onto the prism of the sugar meter, and the moisture and Baumé value can be viewed through the eyepiece.



2.8 Data analysis

Test data were organized using Microsoft Excel 2021. Statistical analyses of experimental data were conducted using the built-in one-way ANOVA, Pearson correlation analysis, principal component analysis (PCA), and multiple regression methods in SPSS 25.0. The Tukey test was used to test the significance between each experimental group (with a statistical significance level of 95 or 99%). Experimental data were expressed as mean ± standard deviation. The Graph Prism 9.3 and R 4.3.2 (with the corrplot and factoextra packages) software programs (Kassambara and Mundt, 2020; Wei and Simko, 2021) were used to create diagrams.




3 Results


3.1 Determination of total sugar, total phenolic acid, and total flavonoid contents

The total sugar content in four varieties of honey ranged from 76.27 ± 0.80% to 80.76 ± 0.55%. The lowest content was found in RH. EH had the highest content and differed significantly from the other three varieties of honey (p < 0.05). There was no significant difference in the total sugar content among RH, BH, and DH (p > 0.05). The total phenolic acid content ranged from 269.53 ± 1.74 mg GAE/100 g to 331.94 ± 18.83 mg GAE/100 g. EH had the lowest phenolic acid content, while DH honey had the highest content. There was no significant difference between DH and BH (p > 0.05), but their total phenolic acid content was significantly higher than that in EH and RH (p < 0.05). EH and RH showed no significant difference (p > 0.05). The total flavonoid content ranged from 34.48 ± 4.33 mg RE/100 g to 83.99 ± 3.44 mg RE/100 g. DH had a significantly higher content than the other three honey varieties. The flavonoid content of EH was the second highest, and it was significantly higher than BH and RH (p < 0.05). There was no significant difference between BH and RH (p > 0.05) (Table 2).


TABLE 2 Differences in total sugar, total phenolic acid, and total flavonoids contents among the four types of honey.
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3.2 ABTS+, DPPH •, and hydroxyl radical clearance IC50

The IC50 of the ABTS+ clearance rates of four honey ranged from 17.60 ± 4.61 to 114.94 ± 41.81 mg/ml. The lowest value was observed for DH, and the highest for RH. There was no significant difference among RH, EH, and BH (p > 0.05). However, the three types were significantly higher than DH (p < 0.05). The IC50 of the DPPH • clearance rate of honey in the four honey varieties ranged from 32.85 ± 0.23 to 56.50 ± 3.07 mg/ml. DH had the highest value, and EH the lowest value. There was no significant difference between DH and BH (p > 0.05). However, both groups had values that were significantly higher than those of EH and RH (p < 0.05). EH and RH displayed no significant difference (p > 0.05). The IC50 of the hydroxyl radical scavenging rate of the four varieties of honey ranged from 254.65 ± 0.31 to 307.54 ± 45.35 mg/ml. BH had the highest value, and DH the lowest value. EH and RH were neither significantly different from BH (p > 0.05) nor DH (p > 0.05) (Table 3).


TABLE 3 ABTS+, DPPH• and hydroxyl radical clearance rate IC50 of four types of honey (mg/ml).
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3.3 Amino acid content

The total amino acid content in the four varieties of honey ranged from 153.46 ± 1.02 mg/100 g to 257.91 ± 17.55 g/100 g. RH had the highest content, followed by DH, and EH displayed the lowest content. There were significant differences among the four groups (p < 0.05). The three most abundant amino acids in DH, EH, and RH were phenylalanine, proline (Pro), and aspartic acid, which accounted for 43.48, 34.05, and 49.96% of the total amino acid content (TAA), respectively. The three most abundant amino acids in BH were phenylalanine, leucine, and aspartic acid, accounting for 36.02% of the total amino acid content. The Pro content in the four varieties of honey ranged from 18.05 ± 0.21 g/100 g to 27.99 ± 0.21 g/100 g; the lowest content was in EH, and the highest was in RH. The Pro content differed significantly between RH and the other three groups (p < 0.05). There was no significant difference between BH and EH (p > 0.05). Methionine was only detected in BH and RH. Cysteine was only detected in BH. Arginine was not detected in the four varieties of honey (Table 4).


TABLE 4 Differences in amino acids contents among the four types of honey (mg/100 g).
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3.4 Vitamin B1 and Vitamin C content

The four varieties of honey's VB1 content ranged from 86.69 ± 6.98 to 97.63 ± 12.52 μg/ml. The highest content was in BH, and the lowest content was in RH. The four groups showed no significant difference (p > 0.05). The VC content in the groups ranged from 125.55 ± 17.55 to 149.16 ± 5.75 mg/g. The highest content was in DH, and the lowest content was in RH. There was no significant difference among the four groups (p > 0.05) (Table 5).


TABLE 5 Differences in the physical and chemical indicators of the four types of honey.
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3.5 Moisture and Baumé degrees

The moisture content of honey in the four groups ranged from 19.34 ± 0.54% to 22.52 ± 0.76%. The lowest content was in EH, and the highest was in BH. There was no significant difference among DH, BH, and RH (p > 0.05), but there were significant differences between them and EH (p < 0.05). The Baumé degree ranged from 40.75 ± 1.57° to 42.76 ± 0.65°. The lowest degree was observed in RH, and the highest in EH. DH and BH showed no significant difference with EH or with RH (p > 0.05) (Table 5).



3.6 Color value

The L* values of the four groups ranged from 50.99 ± 2.13 to 56.58 ± 2.27. BH was lightest in color and RH the darkest. Moreover, the a* values ranged from 0.34 ± 0.34 to 4.57 ± 1.44. The red value of DH honey was the highest and that of RH the lowest. The b* ranged from 8.06 ± 0.21 to 17.13 ± 3.45. The highest yellow value was found for DH and EH had the lowest value (Table 5).



3.7 Correlation between the measured parameters

The correlation analysis showed that the hydroxyl radical scavenging rate IC50 in honey was significantly negatively correlated with total phenolic acid content, total flavonoid content, and the a* and b* values (r = −0.56, −0.43, −0.43, and −0.39, respectively). The IC50 of the DPPH• clearance rate was significantly positively correlated with the a* value (r = 0.64). The IC50 of the ABTS+ clearance rate was significantly negatively correlated with the total flavonoid content, VB1 content, VC content, and the a* and b * values (r = −0.77, −0.43, −0.88, −0.75, and −0.40, respectively), indicating that the antioxidant indexes were significantly affected by the above indexes. The total phenolic acid content was significantly positively correlated with the a* and b* values (r = 0.76 and 0.39, respectively), which shows that the darker the color, the higher the phenolic acid content. There was a significant negative correlation between the total phenolic acid content and the L* value (r = −0.54), which shows that the lighter the color, the lower the phenolic acid content. The total sugar content negatively correlates with the moisture content, DPPH• clearance IC50, total amino acid content, and altitude (r = −0.85, −0.44, −0.40, and −0.62, respectively). Nevertheless, it positively correlated with the Baumé degree and total flavonoid content (r = 0.46 and 0.41, respectively). The total flavonoid content was negatively correlated with the ABTS+ value and elevation (r = −0.77 and −0.49) and positively correlated with the VC content and a* value (r = 0.5 and 0.6). The VB1 content had a significant positive correlation with VC (r = 0.48) but a significant negative correlation with the total amino acid content (r = −0.40). The VC content was positively correlated with the a* value (r = 0.61) and negatively correlated with altitude (r = −0.41). The total amino acid content was significantly positively correlated with the Pro content, L* value, and altitude (r = 0.92, 0.47, and 0.84, respectively). The Pro content was positively correlated with the L* value and altitude (r = 0.6 and 0.71, respectively) (Figure 1).


[image: Figure 1]
FIGURE 1
 Correlation between variables. * indicates p < 0.05; ** indicates p < 0.01.


PCA is employed to reduce the correlation between data dimensions and visual samples and the analysis considers multiple selected variables. Sixteen parameters consistent with the correlation analysis variables were used in the PCA model (see Figure 2), and four significant principal components (PCs) were obtained with eigenvalues exceeding 1, which explained 86.28% of the total variability (Table 6). The contribution of PC1 is 31.92%, while PC2 contributed 22.26% (Figure 2A). The distribution of variables on the loading plot is shown in Figure 2B.


TABLE 6 Differences in the contribution values of each principal component.
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FIGURE 2
 Principal component analysis. (A) Distribution of honey samples on a score plot. (B) Distribution of variables on the loading plot.


As shown in Figure 2A, there was a clear difference in the four honey samples, and they were clearly separated. Specifically, BH and DH were closer together, indicating that the physicochemical indicator fingerprint profiles of these two honey types were almost similar. However, DH, EH, and RH are far apart, indicating that these honey samples possessed different physicochemical fingerprint profiles. All physiochemical parameters were normalized to ensure that all parameters had an equal weight in the outcome. According to Figure 2B, PC1 was closely and positively correlated with elevation, ABTS, L*, TAA, Pro, hydroxyl radicals, and total sugar content but negatively correlated with moisture, Baumé value, total flavonoid content, VB1, b*, VC, DPPH, total phenolic acid content, and the a* value. PC2 was closely and positively correlated with the moisture content, TAA, DPPH, Pro, b* value, ABTS, total phenolic acid content, and hydroxyl radicals, while negatively correlated with the a* value, VC content, elevation, total flavonoid content, Baumé value, total sugar content. VB1 and L* have little effect on PC2.

According to these correlations and PCA results, it was found that there was a significant correlation between the ABTS+ radical scavenging rate IC50 and variables, which could be further regressed for analysis. The stepwise regression analysis selects important variables with high correlation coefficients based on correlation analysis and establishes a prediction or explanation model for regression analysis. The results showed that the ABTS+ radical scavenging IC50 rate was significantly affected by the total flavonoid content, VC content, VB1 content, and elevation. The regression equation showed that the VC content alone explained 76.20% of the variation, which provided a high degree of interpretation. The VC content, total flavonoid content, elevation, and VB1 could explain 96.70% of the variation, indicating that the VC content, total flavonoid content, elevation, and VB1 had a strong effect on the ABTS+ radical scavenging rate (Table 7).


TABLE 7 Stepwise regression equations of the ABTS+ radical scavenging rate.
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4 Discussion

The combination of various physical and chemical components in honey endows it with antibacterial, antioxidant, and other properties. In this study, four types of characteristic honey from Guizhou province were selected for detection of various components and their physical and chemical properties were analyzed. The results showed that honey quality was determined by the total flavonoid content and vitamin content, as well as the elevation. This result would aid a comprehensive evaluation of honey quality by combining multiple indicators.

Previous research showed that total phenolic acid and flavonoid contents are critical bioactive components in honey and play an antioxidant role (Cianciosi et al., 2018; Cheung et al., 2019). However, the total phenolic content in honey is not always positively correlated with its antioxidant activity (Al-Mamary et al., 2002; Küçük et al., 2007), meaning the total phenolic content in honey itself is insufficient for determining the intensity of its antioxidant activity completely (Gül and Pehlivan, 2018). Some studies have shown that free radical scavenging activity is strongly influenced by geographical features and the climatic characteristics of the location (Liang et al., 2018; Liu et al., 2022). In addition, altitude is also an essential factor (Neupane et al., 2015; Kanbur et al., 2021).

The total flavonoid content results from plant pollen, nectar, and propolis (Albu et al., 2022). Some researchers have suggested that the higher the flavonoid content, the more vigorous its antioxidant properties in honey (Moniruzzaman et al., 2013; Baek et al., 2015; Can et al., 2015; Castiglioni et al., 2017). Neupane et al. (2015) reported that the antioxidant compound content in honey from high-altitude areas in Nepal was lower than in low-altitude areas, which is consistent with the results of this study that ABTS+ radical scavenging is inversely correlated with altitude.

VB1 and VC positively impact human metabolism and immune function (Mousavi et al., 2019; Peterson et al., 2020). Medical studies have shown that VC is a potent radical scavenger and a physiological part of the antioxidant system in human skin (Lauer et al., 2013). A participant's intake of 100 mg VC/day resulted in a significant 22% increase in radical-scavenging activity (Lauer et al., 2013). VC can be used as an indicator to evaluate honey's antioxidant performance (León-Ruiz et al., 2012). VB1 possesses strong antioxidant properties. Lukienko et al. (2000) investigated the antioxidant effects of thiamine in rat liver microsomes and its interaction with reactive oxygen species. Their results indicate that thiamine is protective against various toxic agents that promote oxidative stress. The authors explain that in the presence of oxidants, a thiol form of thiamine is oxidized to thiamine disulfide and tricyclic form to the chrome. The antioxidant effect of thiamine is probably related to the two-phase reaction of thiazole ring opening and forming the anionic thiol form of thiamine and unstable tricyclic form (Higashi-Okai et al., 2006). Gliszczyńska-Swigło (2006) examined the antioxidant potential of thiamine, folic acid, and three forms of Vitamin B6 (pyridoxine, pyridoxal, and pyridoxamine) using a Trolox equivalent antioxidant capacity (TEAC) assay and ferric reducing antioxidant power (FRAP) assay and the highest antioxidant activity was found for thiamine. Our study shows the VB1 and VC content in DH was the highest among the four groups. Correspondingly, VB1 and VC were significantly negatively correlated with the ABTS+ free radial clearance IC50 rate. According to Hughes (1999), the polyene structure in these compounds allows the VB and VC molecules to quench or inactivate singlet oxygen and free radicals.

Tryptophan, lysine, methionine, histidine, cysteine, arginine, and tyrosine possess more potent antioxidant activities compared to other amino acids (Xu et al., 2017). Liu et al. (2023) measured these physicochemical indicators in four varieties of honey (three replicates per group). The PCA results show that the correlation coefficient of multiple physical and chemical indicators is 1, and some amino acids are significantly positively correlated with PC1 and can be used to evaluate honey (Liu et al., 2023). Our study shows that RH has a higher content of the above-mentioned amino acids among the four types of experimental honey, but its three antioxidant indicators are all at a disadvantage. DH, which has a lower amino acid content, displays a better antioxidant activity than RH. We used different indicators during the analysis, such as vitamin content and elevation, to determine the antioxidant activity. In addition, we used total amino acid content instead of individual amino acids for analysis. These results suggest that the evaluation of antioxidant properties should be comprehensively balanced and not limited to a single or partial indicator.

In addition, some studies show that the most abundant amino acid in honey is Pro (Escuredo and Seijo, 2019), which is closely related to the honey source (Hermosin et al., 2003; Carratù et al., 2011). In addition, Pro is honey's primary free amino acid and is used as an evaluation indicator for honey maturity standards because of its antioxidant capacity (Iglesias et al., 2006; Escuredo and Seijo, 2019). Although the Pro content in RH in this study was significantly higher than the other three groups, the antioxidant capacity was poor or insignificant compared with the other three groups. In the stepwise multiple regression, the content of Pro is not significant. We speculate that it may be related to factors such as the variety and collection altitude of honey, which may affect the overall quality of honey.



5 Conclusions

This study selected four types of characteristic honey from Guizhou Province, explored the differences in their antioxidant properties based on their physical and chemical properties, and analyzed the correlation between them. The results indicated that IC50 of the ABTS+ radical scavenging rate can be effectively used as an indicator of antioxidant performance and overall quality of the four types of honey. Among all analyzed indicators, the total flavonoid, VB1, and VC content as well as the altitude of the collection site have a significant impact on the overall quality of honey. These results suggested that the analysis of antioxidant activity should be based on carefully considering multiple indicators. It is worth noting that the antioxidant activity of honey samples depends on the flower source and environmental conditions. In the later stage, more factors must be combined to conduct a more in-depth evaluation of the quality of honey.
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BH 97.63 £ 12.52* 142.80 £ 17.07* 22.52 %+ 0.76* 41.10 £ 0.35% 50.99 & 2.13¢ 2.04%0.53° 8.87 £ 0.86°
EH 90.47 % 0.41* 137.29 £ 2.22% 19.34 4 0.54* 42.76 £ 0.65" 56324 0.14% | 1424 0.04% 8.06 £ 0.21¢
RH 86.69 % 6.98% 125.55 £ 17.55* 22.07 & 0.49* 40.75 % 1.57° 56.58 +2.27% 0.34 % 0.34° 13.27 & 1.44°

DH, Dalbergia hainanensis Merr. et Chun honey; BH, blueberry honey; EH, Eriobotrya japonica Lindl. Honey; RH, Rhus chinensis Mill. honey; VB, Vitamin By; VC, Vitamin C. The L* stands
for black and white values (a positive number indicates white, the larger the whiter, and a negative number indicates black). The a* represents the red-green value (a positive number indicates
red, a higher value is redder, and a negative number indicates green). The b* represents the yellow and blue values (positive values indicate yellow, larger values become yellow, and negative
values indicate blue). The significance level was 95%. The same letter indicates no significant difference.
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Eigenvalues Variance percentage Cumulative percentage

1 5.107 31.92% 31.92%
2 3.561 2226% 54.18%
3 3.044 19.02% 73.20%
4 2.093 13.08% 86.28%
5 0.757
6 0.507
7 0.309
8 0.277
9 0.144
10 0.097
11 0.041
12 0.026
13 0.017
14 0.010
15 0.007
16 0.003
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