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Abstract. 
A comparative study of the extraction efficiency of nine known polyphenols [phenolic acids (benzoic acid, dihydroxybenzoic acid, gallic acid, trans-cinnamic acid, and vanillic acid) and flavonoids (naringenin, naringin, quercetin, and rutin)] was conducted by deliberately adding the polyphenols to an artificial honey solution and performing solid phase extraction (SPE). Two SPE methods were compared: one using Amberlite XAD-2 resin and another one using a C18 cartridge. A gradient high performance liquid chromatography system with an RP18 column and photodiode array detector was utilized to analyze the extracted polyphenols. The mean percent of recovery from the C18 cartridges was 74.2%, while that from the Amberlite XAD-2 resin was 43.7%. The recoveries of vanillic acid, naringin, and rutin were excellent (>90%); however, gallic acid was not obtained when C18 cartridges were used. Additionally, the reusability of Amberlite XAD-2 resin was investigated, revealing that the mean recovery of polyphenols decreased from 43.7% (1st extraction) to 29.3% (3rd extraction). It was concluded that although Amberlite XAD-2 resin yielded a higher number of compounds, C18 cartridges gave a better extraction recovery. The lower recovery seen for the Amberlite XAD-2 resin also cannot be compensated by repeated extractions due to the gradual decrease of extraction recovery when reused.



1. Introduction
Honey is the nectar collected and processed from different plants by honey bees (Apis mellifera) and is known for its high nutritional and prophylactic medicinal value. Honey is widely consumed worldwide and is appreciated as the only source of naturally concentrated sugars [1]. Apart from sugars, honey has a wide range of minor constituents including enzymes, ascorbic acid, Maillard reaction products, carotenoid-like substances, organic acids, amino acids, and proteins. It also contains large amounts of polyphenols with a wide range of biological effects [2, 3].
Polyphenols are among the most important groups of secondary metabolites in plants. Honey polyphenols originating from plants are usually mixed with the nectar and become enriched when they come in contact with the propolis in the beehive. The main polyphenols reported to be present in honey are phenolic acids (i.e., caffeic, chlorogenic, coumaric, ellagic, ferulic, gallic, homogentisic, phenyllactic, protocatechuic, syringic, and vanillic acids) and flavonoids (i.e., apigenin, chrysin, galangin, hesperetin, kaempferol, luteolin, myricetin, pinobanksin, pinocembrin, quercetin, and tricetin) [2–4].
The presence of polyphenols in honey has important effects on the honey’s color, taste, and flavor. They also have beneficial effects on health, including tissue repair and antioxidant, antibacterial, anti-inflammatory, antiallergic, and antithrombotic activities [5–9]. Many studies have indicated that different types of honey possess different textures, polyphenolic profiles, and antioxidant, antibacterial, and radical-scavenging activities depending on their floral sources and geographical origins [2]. For instance, dark-colored honeys tend to have higher total phenolic acid and flavonoid content and consequently a higher antioxidant capacity [8, 10, 11]. Therefore, polyphenol analysis is considered an important tool for determining the quality of honey.
In general, an analytical procedure for the determination of individual phenolic and flavonoid compounds involves isolation from a sample matrix, analytical separation, identification, and quantification. The isolation step usually involves solid phase extraction (SPE) or solvent extraction using a range of organic solvents. SPE is one of the simplest, fastest, most reproducible, and least expensive extraction methods [12]. Two of the most popular SPE methods for polyphenols extraction are C18 cartridges [3, 13] and Amberlite XAD-2 resin [13, 14]. Separation is commonly achieved by high performance liquid chromatography (HPLC) or capillary electrophoresis (CE), although gas chromatography (GC) is used in some instances [3, 4].
Different opinions exist regarding the efficiency of C18 cartridges and Amberlite XAD-2 resin in the extraction of polyphenols from natural honey [3, 13–15]. However, the discrepancies in the extraction recovery were probably due to the different types of honey used. Physical properties of the honey, such as total sugar content or other unknown matrix components, may affect the efficiency of the extraction method. To compare the extraction efficiencies between C18 cartridges and Amberlite XAD-2 resin, an investigation must be conducted using a sample matrix of known composition. In this study, an artificial honey solution was used to investigate the efficiency of C18 cartridges and Amberlite XAD-2 resin to extract polyphenol contents.
2. Materials and Method
2.1. Preparation of Artificial Honey Solution
Artificial honey was prepared based on the standard sugar composition of honey [16, 17] along with the deliberate addition of the major polyphenols found in honey. The polyphenol standards added to the artificial honey preparation were phenolic acids (benzoic, dihydroxybenzoic, gallic trans-cinnamic, and vanillic acids) and flavonoids (naringenin, naringin, quercetin, and rutin) (Sigma-Aldrich, MO, USA). Briefly, the artificial honey was prepared by dissolving 115.5 g fructose, 93 g glucose, 21.6 g maltose, and 4.5 g sucrose in 300 mL of distilled water. Standard solutions of phenolic acids and flavonoids were individually prepared at 1 mg/mL by dissolving 20 mg of each type of phenolic acid and flavonoid standard in 20 mL of HPLC-grade methanol (Merck, Darmstadt, Germany). Then, the artificial honey was spiked with 15 mL of each phenol standard solution. The standard-spiked artificial honey was adjusted to 300 mL with distilled water to achieve a final concentration of 50 μg/mL of each polyphenol standard. The sugar composition of the solution also mimicked natural honey [fructose (38.5%), glucose (31%), maltose (7.2%), and sucrose (1.5%)] [16, 17]. The honey was mixed until it was homogenous using a magnetic stirrer for 30 min.
2.2. Artificial Honey Extraction
2.2.1. Amberlite XAD-2 Resin Extraction
Extraction of phenolic acid and flavonoid compounds using Amberlite XAD-2 resin was performed according to the method described by Lianda et al. [18] with some slight modifications. The stationary phase was prepared by soaking 75 g of Amberlite XAD-2 resin (Sigma-Aldrich, MO, USA) in methanol for 10 min. The resin was then soaked and stirred in distilled water for another 10 min before being packed into a 25 × 3 cm glass column. The packed column was washed with 250 mL of acidified distilled water (pH 2.0) followed by the addition of 300 mL of neutral distilled water (pH 7.0). Artificial honey (50 mL) was diluted with 250 mL of acidified water and loaded into the packed glass column. The loaded column was washed with 250 mL of acidified water, followed by 300 mL of neutral water. The Amberlite XAD-2 resin-bound phenolic acids and flavonoids were eluted with 500 mL of methanol. The eluent was concentrated using a Rotavap. R-114 rotary evaporator integrated with a Waterbath B-480 (Buchi, Flawil, Switzerland) for 6 hr at 40°C. The remaining product was dried overnight using a PowerDry LL3000 freeze-dryer at −80°C (Heto, Allerod, Denmark). The lyophilized honey was then reconstituted with 50 mL of methanol and stored at −20°C until analysis. It was allowed to thaw at room temperature prior to HPLC analysis.
To investigate the reusability of the prepared Amberlite XAD-2 resin, the same resin was used to extract two other similar preparations of artificial honey in the same day. The eluents were treated and stored in a similar manner as the previous eluent. Triplicate extractions were performed for each preparation of artificial honey.
2.2.2. C18 Cartridge Extraction
C18 cartridges were used to extract phenolic acid and flavonoid compounds from artificial honey based on the method described by Kaškonienė et al. [19] with slight modification. Artificial honey (5 mL) was diluted with 25 mL of acidified distilled water. The SPE cartridge that was used was Bond Elut octadecyl C18 (500 mg/3 mL) (Agilent Technology, CA, USA). The cartridge was attached to a vacuum manifold and was sequentially conditioned by consecutively passing 3 mL of methanol, 3 mL of acidified distilled water, and 3 mL of neutral distilled water. Diluted artificial honey (30 mL) was then loaded onto the preconditioned cartridge and eluted at a drop-wise flow rate to ensure efficient adsorption of phenolic and flavonoid compounds. The SPE cartridge was washed with 5 mL of acidified distilled water, followed by 5 mL of neutral distilled water to remove any residual compounds. The elution of C18 cartridge-bound phenolic acids and flavonoids was performed by adding 5 mL of methanol drop-wise. Finally, the eluent was collected, concentrated using a rotary evaporator for 4 hr at 40°C, dried, reconstituted, and stored using the same protocol as in the Amberlite XAD-2 resin extraction. The extraction was conducted in triplicate.
2.3. HPLC Analysis
Separations were conducted on an HPLC system consisting of a Waters 2695 Separation Unit (Milford, MA, USA) and a Waters 2996 Photodiode Array (PDA) detector (Milford, MA, USA) as described by Kaškonienė et al. [19] but with slight modification. Empower Pro® software version 5.0 (Waters, Milford, MA, USA) was used to control the equipment and analyze the chromatogram. The analytical column was a Purospher® STAR endcapped RP-18 column (150 × 4.6 mm i.d., 5 μm particle size) (Merck, Darmstadt, Germany) fitted with a guard cartridge (Purospher STAR; 4 × 4 mm i.d., 5 μm particle size) (Merck, Darmstadt, Germany). The binary mobile phase consisted of solvent A (HPLC-grade water with 0.1% phosphoric acid) and solvent B (HPLC-grade methanol with 0.1% phosphoric acid). A gradient was achieved by setting solvent A at 90% in 0–10 min and linearly decreasing it to 45% from 10.0 to 18.0 min and then to 20% from 18.0 to 20.5 min. This was followed by a linear increase to 90% from 20.5 to 30.0 min. The flow rate was fixed at 0.5 mL/min, and the injection volume was 20 μL. The system was operated at room temperature, and the detection wavelength was set at 220 nm. Identification of the phenolic acids and flavonoids from the extracted artificial honey was achieved by comparing the retention time and UV absorbance of the chromatograms corresponding to the Amberlite XAD-2 resin and C18 SPE cartridges with those of the reference standards containing similar types of phenolic acids and flavonoids.
3. Results and Discussion
Eight out of nine investigated polyphenols were successfully detected and measured. Gallic acid could not be detected using the C18 cartridge extraction protocol (Figure 1).
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Figure 1: Chromatograms of (a) polyphenol standards, (b) polyphenols extracted using C18 cartridges, and (c) polyphenols extracted using Amberlite XAD-2 resin. Gallic acid (GAL), benzoic acid (BNZ), dihydroxybenzoic acid (DHB), naringenin (NGE), naringin (NGI), rutin (RTN), quercetin (QCT), trans-cinnamic acid (TCM), and vanillic acid (VNL).


For a better separation of acidic polyphenols, the use of an acidic mobile phase is required. Previously, formic [9, 20] and acetic acids [21] have been used to acidify the mobile phase. In this investigation, phosphoric acid was used to maintain a sufficiently low pH to ensure good extraction conditions, particularly for the most hydrophilic compound, gallic acid (Figure 1(c)). The addition of methanol as a polar solvent yielded very good peaks. Finally, the gradient HPLC method allowed all analyte peaks to be resolved and eluted in less than 22 min, which is a relatively fast analytical time compared to previously developed HPLC methods [9, 20, 21].
Amberlite XAD-2 resin extraction yielded recoveries ranging from 6.7% (gallic acid) to 65.2% (naringin) for polyphenols, with only vanillic acid, naringin, and rutin showing percentage recoveries >60% (Figure 2). On the other hand, C18 cartridges yielded percentage recoveries that ranged from 66.2% (dihydroxybenzoic acid) to 96.8% (naringin), with excellent recoveries of vanillic acid, naringin, and rutin (all above 90%). Nevertheless, despite the higher overall recovery by the C18 cartridge, it failed to extract gallic acid, whereas the Amberlite XAD-2 resin successfully extracted all nine investigated polyphenols. This finding is similar to that reported by Michalkiewicz et al. [13], who used Amberlite XAD-2 resin to extract natural honey sample. Gallic acid seems to exhibit a stronger affinity for Amberlite XAD-2 resin, which allowed it to adsorb to the resin but still be easily eluted during the final phase of extraction. On the other hand, C18 cartridges were less appropriate for the isolation of gallic acid. Based on the observation of how fast gallic acid was eluted in HPLC analysis using a silica-based RP-18 analytical column, the absence of gallic acid in the chromatogram was probably due to the weak adsorption of gallic acid to the C18 packing material within the extraction cartridge. This caused the gallic acid to be completely washed out during the washing step. Michalkiewicz et al. [13] also reported that quercetin displayed high recovery (>90%) when C18 cartridges were used, which is consistent with our results (84.6%).




	
	
		
		
		
			
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
		
		
			
		
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
		
		
			
	


Figure 2: Recovery of polyphenols from artificial honey using C18 cartridges and Amberlite XAD-2 resin extraction. Gallic acid (GAL), benzoic acid (BNZ), dihydroxybenzoic acid (DHB), naringenin (NGE), naringin (NGI), rutin (RTN), quercetin (QCT), trans-cinnamic acid (TCM), and vanillic acid (VNL).


The overall mean recovery of polyphenols from C18 cartridges was 74.2%, whereas Amberlite XAD-2 resin yielded only 43.7%. According to Weston et al. [21], Amberlite XAD-2 resin adsorbs honey polyphenols with a recovery rate of more than 90%. However, in our study, none of the measured polyphenols reached even 80% recovery when Amberlite XAD-2 resin was used. Therefore, it can be concluded that Amberlite XAD-2 resin is not robust when extracting polyphenols compared to C18 cartridges.
Hadjmohammadi et al. (2009) [22] reported that the benefit of using the C18 column is that it is easily available in small disposable cartridges, rapid, economical, and sensitive. However, an investigation on both techniques indicated that although C18 cartridge tends to yield a higher rate of flavonoid recovery, it is comparatively less appropriate for the isolation and extraction of phenolic acids. Nevertheless, there is some evidence that, for specific compounds, the C18 cartridges are more effective in compound retention than the nonpolar XAD-2 resin [23]. Therefore, C18 cartridges are generally more widely used [24].
The reusability of Amberlite XAD-2 resin was investigated by using the same Amberlite XAD-2 resin preparation to extract three similar artificial honey samples. The mean recoveries of polyphenols from the 1st, 2nd, and 3rd extraction consistently decreased with each iteration from 43.7% to 36.1% and finally to 29.3% (Figure 3), indicating that Amberlite XAD-2 resin loses its capacity to adsorb polyphenols and therefore cannot be reused to compensate for its high cost. Additionally, Amberlite is a hydrophobic polystyrene copolymer resin, which is not very suitable to attract more polar compounds like polyphenols and flavonoids.




	
	
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
		
			
		
		
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
			
		
		
			
		
		
			
		
		
			
		
			
		
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
			
				
		
	


Figure 3: Decrease in polyphenol percentage recovery after reusing Amberlite XAD-2 resin for three consecutive extractions. Gallic acid (GAL), benzoic acid (BNZ), dihydroxybenzoic acid (DHB), naringenin (NGE), naringin (NGI), rutin (RTN), quercetin (QCT), trans-cinnamic acid (TCM), and vanillic acid (VNL).


The C18 cartridge extraction procedure is useful for the efficient recovery of polyphenols from honey, except for gallic acid. Moreover, the use of smaller sample volumes and minimal organic solvent when using C18 cartridges is an important environmental and economic consideration. Overall, the use of C18 cartridges is more cost-effective, more convenient, and less time-consuming and requires few sample and solvent volumes compared with Amberlite XAD-2 resin.
The mean recovery of vanillic acid in multiple types of honey was reported to be more than 90.0% by Dimitrova et al. [15], but when a different honey was analyzed by Michalkiewicz et al. [13], the recovery was reported to be less than 20.0% despite the fact that both studies utilized C18 extraction cartridges. This information indicates that using a standard type of honey, such as the artificial honey used in this study, is important when investigating recovery analysis. In addition, a honey’s physical and chemical composition varies widely based on its floral and geographical origins. Different sample matrixes may affect the extraction performance and ultimately result in varying extraction recoveries. In this study, the artificial honey not only acts as a global standardized sample matrix for honey’s polyphenol extraction recovery but also eliminates the discrepancy that may result from using natural honey, which contains many unidentified compounds that may interfere with compound detection by the PDA detector.
The inferior recovery of Amberlite XAD-2 resin may have resulted from the more elaborate concentration procedure necessitated by the large volume of eluent (500 mL) produced from the Amberlite XAD-2 resin extraction. The eluent was exposed to high temperatures for a much longer duration (6 hr) than the eluent from the C18 cartridge extraction (4 hr), which produced a small volume of eluent (5 mL). It is plausible that the longer the eluent is treated at high temperatures, the more the polyphenols will be degraded. In future, the percentage recovery of Amberlite XAD-2 resin extraction may be improved by modifying the elution step so that a smaller volume of eluent is produced.
4. Conclusions
Although Amberlite XAD-2 resin can extract a large number of polyphenols, polyphenol analysis in honey samples is best performed using C18 cartridges due to their good recoveries, reproducibility, and ease of use. Moreover, the high cost of Amberlite XAD-2 resin cannot be compensated through multiple uses due to the progressive decrease in extraction capacity.
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