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Abstract

:

Grape pomace is the major component in grape fruits and is mostly wasted after wine and juice making processes. To recycle the residual biomass in grape pomace, extraction conditions of polysaccharides from grape pomace (GPP) were investigated. Three parameters affecting the crude GPP extraction, material to solvent ratio, extraction time, and extraction temperature were determined through single parameter optimization and then further optimized by orthogonal test. Results showed that the optimum extraction conditions were material to solvent ratio of 1:25, extraction temperature of 75 °C, and extraction time of 40 min, with extraction time as the most significant factor among them. Crude GPP was purified by gel column chromatography and chemically characterized. UV-Vis spectra analysis indicated that the GPP fraction did not contain any proteins or nucleic acids. FT-IR analysis implied that GPP consisted of α- and β-pyranose with carboxyl groups. Monosaccharide composition analysis indicated that GPP was composed of arabinose, glucose, galactose, and mannose with a molar ratio of 18.4:14.1:10.8:3.0. These results provide a theoretic basis for the production and utilization of GPP.






Keywords:


grape pomace; polysaccharides; orthogonal test; monosaccharide composition; biomass recycling












1. Introduction


Grape pomace is the major component of its fruits, contributing roughly half of the total weight, and poses a severe environmental issue after winemaking and juice processing [1]. Utilization of grape pomace by bioactive components extraction has been extensively performed, and minor components such as anthocyanins, hydroxycinnamic acids, flavanols, and flavanol glycosides in grape pomace are characterized [2,3,4,5]. However, little is known about the utilization of the major macromolecular components in grape pomace. It is thus of great health and economic significance to investigate the isolation method, chemical structure, and potential utilization of the polysaccharides in grape pomace (GPP) as an important biomass reutilization.



Polysaccharides are complex macromolecules widely present in plants, animals, microorganisms, and marine lives [6]. In the past decades, numerous studies have revealed that polysaccharides exhibit a variety of biological activities including antiradiation, antioxidation, antitumor, antiviral, anticoagulant, and antiaging [7]. In particular, plant-derived bioactive polysaccharides often yield broad market demand and attract increasing attention [8,9,10]. Polysaccharides are also playing an increasingly significant role in our diet since they modulate gut microbiota via different chemical structures [11].



For the extraction of plant-derived polysaccharides from plants such as Dendrobium wardianum, Glycyrrhiza, and Psidium guajava, various methods have been developed, including hot water extraction, ultrasonic-assisted extraction, enzyme-assisted extraction, and microwave-assisted extraction [12,13,14,15]. For food grade polysaccharide production, hot water extraction has been broadly applied due to the absence of organic chemical reagents which endows its convenience and environmental friendliness [2].



In this study, single parameter optimization was applied to optimized parameters of material to solvent ratio, extraction times, and extraction temperature first. Subsequently, the orthogonal test was employed to evaluate the synergistic effect of these parameters. The isolated crude GPP was further purified with chromatography, and its chemical properties were primarily characterized. This research provides an initial chemical account of the polysaccharide from grape pomace and lays the foundation for its future utilization in food and healthcare.




2. Materials and Methods


2.1. Materials


The Beibinghong grape (Vitis vinifera × Vitis amurensis) pomace was gifted from Dr. Yibin Lan in the College of Food Science & Nutritional Engineering, China Agricultural University, which is the same as previous research [2]. Trifluoroacetic acid, D-glucose, L-arabinose, D-galactose, and D-mannose were purchased from Macklin Biochemical Co., Ltd. (Shanghai, China). Absolute ethanol (≥99.7%), methanol, and acetonitrile were purchased from Modern East Technology Development Co., Ltd. (Beijing, China). Phenol, hydrochloric acid, sulfuric acid (95–98%), aqueous ammonia, sodium hydroxide, and calcium chloride dehydrate were purchased from Sinopharm Chemical Reagents Co., Ltd. (Shanghai, China).




2.2. Extraction of GPP


The frozen grape pomace (−4 °C) was dried in a drying oven (DGH-9030, Yiheng Technology Instrument, Shanghai, China) at 65 °C for 6 h until the material was free of lumps and the surface was dry. Dry grape pomace was crushed in a pulverizer (LFP-800T, Yongkang Hongtaiyang Electromechanical, Yongkang, Zhejiang, China), and sieved to obtain powders (60 mesh). Crushed grape pomace was loaded in the filter paper, which was placed inside the Soxhlet extractor, and refluxed with absolute ethanol for 6 h to remove lipids. Grape pomace materials, after being defatted, were collected and dried in the drying oven at 65 °C for 6–8 h to provide desired polysaccharides.



A portion of pretreated dried grape pomace was incubated with 90 °C distilled water at material to solvent ratio of 1:25 for 30 min to perform preliminary extraction of GPP. The fundamental extraction conditions were modified from the earlier investigation [16]. The residue was removed with gauze to obtain a clear solution before being further concentrated to 20 mL with a rotary evaporator (RE-200, Yarong Biochemical Instrument, Shanghai, China). Then, a four-fold volume of absolute ethanol was added to precipitate the polysaccharides. After standing overnight, the extract solution was centrifuged at 6000× g rpm for 10 min at room temperature to obtain precipitants. The polysaccharide content of GPP was determined with the phenol-sulfuric acid method, as previously described [17].




2.3. Single Parameter Optimization


Parameters of material to solvent ratio, extraction time, and extraction temperature were optimized to investigate the influence of these parameters on the extraction yield. During the optimization, one parameter was changed while the other parameters were kept constant in each experiment. All experiments were repeated at least three times.



2.3.1. Material to Solvent Ratio


Grape pomace mixed with distilled water at different material to solvent ratios of 1:20, 1:30, 1:40, 1:50, and 1:60, were incubated in the water bath at 90 °C for 30 min. The GPP yield was measured as described above.




2.3.2. Extraction Time


Grape pomace mixed with distilled water at a material to solvent ratio of 1:25 were incubated in the water bath at 90 °C for 20 min, 30 min, 40 min, 50 min, and 60 min, respectively. The GPP yield was measured as described above.




2.3.3. Extraction Temperature


Grape pomace mixed with distilled water at a material to solvent ratio of 1:25, were incubated in the water bath for 30 min at different temperatures of 60 °C, 70 °C, 80 °C, 90 °C, and 100 °C, respectively. The GPP yield was measured as described above.





2.4. Orthogonal Test Design of GPP Extraction


Single parameter optimization confirmed that three parameters for GPP extraction, material to solvent ratio, extraction time, and extraction temperature, profoundly affected GPP extraction yield. An orthogonal L9 (33) test design (Table 1) was subsequently applied to further optimize the parameters of GPP extraction to investigate the optimal extraction condition [18]. A total of nine experiments were conducted, each experiment was performed in triplicate, and the yield (%) of GPP was the dependent variable.




2.5. Purification of GPP


First, crude GPP was treated to remove pectin and small molecule impurities. The pH of the grape pomace polysaccharide solution was adjusted to 8.5 with ammonia solution. CaCl2 solution (10%) was titrated to the GPP solution until no pectin precipitate was observed, and the pectin precipitate was removed by centrifugation. The supernatant was dialyzed (with a molecular weight cutoff of 3000 Da, 4 °C) for 48 h to remove impurities and the dialysis water was changed every 5–6 h.



Crude GPP was adjusted to a concentration of 5.0 mg/mL and applied to HiPrep™ Sephacryl™ S-400 HR gel filtration chromatography column (GE Healthcare, Boston, MA, USA) to remove impurities [17]. The polysaccharides contents were eluted at a flow rate of 1 mL/min and then every 5 mL of polysaccharides elution was collected automatically. The major polysaccharide peak was obtained for further characterization.




2.6. Chemical Analysis of Purified GPP


2.6.1. UV-Vis Spectroscopy


A total of 0.25 mg purified GPP was dissolved in 1.0 mL deionized water and examined with a DS-11 FX+ spectrophotometer (DeNovix, Wilmington, DE, USA). The light path was 1 cm, and the absorbance was recorded in the wavelength range of 190 nm to 600 nm with a step size of 1 nm.




2.6.2. FT-IR Spectroscopy


Dried GPP was ground into powder and mixed with KBr before being pressed into a pellet. Spectrum measurement was taken three times in the frequency range from 400 to 4000 cm−1 with a PerkinElmer FT-IR spectrometer (Spectrum 100, PerkinElmer, Waltham, MA, USA). The average number of scans was 16, and the spectral resolution was 4 cm−1. The collected spectra were processed with the Spectrum 10 software (PerkinElmer).




2.6.3. Monosaccharide Composition Analysis with a Pre-Column PMP-HPLC Method


GPP was hydrolyzed with an equal volume of trifluoroacetic acid (0.4 M, TFA) for 6 h at 120 °C in a sealed glass tube full of nitrogen. Subsequently, methanol was added into the hydrolysate (1:1, v/v) to remove the residual TFA for repeating three times through a rotary evaporator. The dried hydrolysate was dissolved into ultrapure water. Sample hydrolysate was mixed with an equal volume of 0.3 mol/L NaOH solution and 0.5 mol/L methanol solution of 1-phenyl-3-methyl-5-pyrazolone (PMP) and incubated in the water bath at 70 °C for 30 min. After the mixture was cooled to room temperature, hydrochloric acid was added to neutralize excess NaOH. In order to remove excess PMP, the residue was dissolved in an equal volume of trichloromethane, and the organic phase was discarded after a violent shake and centrifugation (3000× g rpm/min). This step was repeated three times to completely clear redundant reagents and obtain a derivatized GPP solution.



Each of the monosaccharide standard solutions (mannose, glucose, galactose, and arabinose) was prepared at a concentration of 1 g/mL using the same operation conducted in the GPP solution to gain derivatized monosaccharide standard solutions. Both the monosaccharide standard and GPP were filtered (0.22 µm) and analyzed on an Eclipse XDB-C18 column (250 mm × 4.6 mm, Agilent, Palo Alto, CA, USA) with a column temperature of 30 °C and detection wavelength of 254 nm. The mobile phase was a mixture of 0.1 mol/L phosphate buffer (pH 6.7) and acetonitrile with a volume ratio of 83:17, and the flow rate was set to 1.0 mL/min simultaneously. A standard monosaccharide solution of known concentration was used to determine the molar ratio of the monosaccharide component by calculating the peak area [17,19].





2.7. Statistical Analysis


Each experiment was repeated three times independently. All data were statistically analyzed using one-way ANOVA on SPSS (version 22.0, IBM Corp., Armonk, NY, USA). p < 0.05 was considered as a statistically significant difference between different groups. The data were recorded as means ± standard deviation (SD).





3. Results and Discussion


3.1. Effect of Single Parameter on the Extraction Yield of GPP


The effect of the material to solvent ratio on the extraction yield of GPP was first investigated (Figure 1A). The extraction yield of GPP increased significantly when the material to solvent ratio increased from 1:20 to 1:30 and reached the highest extraction yield of 15.3%, but slightly decreased when the material to solvent ratio was higher than 1:30. These changes might be due to the increased dissolution rate of polysaccharides with increasing solvent volume [20]. Differences in solution concentration outside and inside plant cells can influence the diffusion rate of solute particles and prompt more polysaccharide molecules to enter into the solution [21]. In view of the fact that GPP extraction yield increased little when the ratio of raw material to solvent surpassed 1:30, and the economical industry objective of reducing the waste of raw materials, the material to solvent ratio of 1:30 was chosen for further experiments.



Extraction time was another factor that significantly impacted the extraction yield. As shown in Figure 1B, in the extraction system with a material to solvent ratio of 1:25 and incubation temperature of 90 °C, the extraction yield increased rapidly from 10.9% to 16.0% under the change in the extraction time from 20 to 30 min. As the extraction time continued to extend, the extraction yield changed indistinctively. This may be related to the fact that polysaccharides have been sufficiently extracted [22,23]. Considering that a longer extraction time accompanies with lengthening production cycle, an extraction time of 30 min was identified as the optimal extraction time.



As shown in Figure 1C, the extraction yield increased and gradually reached the maximal value with the increase in extraction temperature, and then decreased lightly during the extraction temperature ranging from 90 °C to 100 °C. This phenomenon can be attributed to polysaccharide hydrolysis under high temperature and long extraction time [24]. Regarding energy saving, 70 °C was an appropriate extraction time for crude GPP.




3.2. Optimization of the Polysaccharide Extraction Parameters Condition


According to single parameter optimization, the parameters of material to solvent ratio, extraction temperature, and extraction time can affect the extraction yield of GPP. Their combinational effects on the extraction of polysaccharides were evaluated through an orthogonal L9 (33) test design (Table 1) to detect the optimal extraction conditions. The yields of GPP obtained from the orthogonal test were shown in Table 2. Based on the orthogonal analysis, we employed statistical software SPSS v. 22.0 to calculate the values of K (range analysis) and R (variance analysis).



According to R values, it can be found that the extraction time played the most crucial role in the extraction of GPP. Moreover, the importance of parameters affecting GPP extraction yield was: extraction time > material to solvent ratio > extraction temperature. Combining the K values, the optimal combination of variables would be the A1B3C2, that is, the raw material to solvent ratio was 1:25, extraction temperature was 75 °C, and extraction time was 40 min.




3.3. Purification of GPP


The crude polysaccharide was further purified with gel filtration chromatography and the polysaccharide content in each elution fraction was determined. As shown in Figure 2A, one major polysaccharide peak was obtained. Purified GPP was approximately 80.0% of the total polysaccharides in content. In addition, the purified GPP was examined with a UV-Vis spectrophotometer at 190 to 600 nm band. As shown in Figure 2B, there is no absorption peak at 260 nm or 280 nm, indicating all proteins and nucleic acids were removed during the purification process.




3.4. Monosaccharide Composition of Purified GPP


The purified GPP was acid-hydrolyzed and PMP-derivatized. Its monosaccharide composition was analyzed by comparing the retention time of hydrolysate with monosaccharide standards. The content of monosaccharides was calculated by each their peak area. As indicated in Figure 3, the monosaccharide composition of GPP was mainly composed of mannose and glucose with small quantities of galactose and arabinose. Monosaccharide standards of mannose, glucose, galactose, and arabinose were analyzed and establish the curve for calculating each mole fraction simultaneously [17]. The peak area of the chromatogram for each of the above monosaccharides was linear to their concentration, which allowed us to calculate the mole ratios of the APP monosaccharide composition in detail. The molar ratios of monosaccharides were: 3.0:14.1:10.8:18.4 of mannose: glucose: galactose: arabinose in the purified GPP. The most crucial step in identifying the polysaccharide’s physicochemical characteristics, structure, and structure-bioactivity relationship is to measure its monosaccharide composition [25]. This finding provides a significant metric for determining the quality standard of GPP. Additionally, we found that GPP had a simple and uniform monosaccharide composition, which might contribute to its high water solubility and benefit subsequent processing and usage [26].




3.5. FT-IR Spectroscopy Analysis


In order to illuminate the major functional groups of GPP, FT-IR was performed and the result was shown in Figure 4. The strong and broad absorption bands at ~3320 cm−1 were attributed to the glycosyl hydroxy (O−H) stretching vibrations, and the absorption peak at 2970 cm−1 was attributed to asymmetric C–H stretching vibrations, which were the typical bands of polysaccharide [27]. The absorption bands from 1800 cm−1 to 600 cm−1, the “fingerprint” region, were related to the conformation and surface structure of molecules. Signals at 1720 cm−1 were attributed to C=O stretching from the carboxyl group [28]. The absorption bands at 1580 cm−1 corresponded to C–C stretch of polysaccharides [29]. The signals at 1408 cm−1 were attributed to C–O stretching of the carboxylate anion group [28]. These signals implied the existence of carboxyl groups. The absorption bands at 1136 cm−1 and 1068 cm−1 corresponded to ring vibrations overlapped by C–O–C and C–O–H vibrations, indicating GPP contains pyranose ring [28,30,31]. In addition, characteristic peaks between 904 cm−1 and 788 cm−1 were observed in the spectra, implying the presence of both β-pyranose and α-pyranose rings [18,28,31]. Based on these findings, it could be inferred that GPP consisted of pyranose with both α-conformation and β-conformation, containing carboxyl groups simultaneously.





4. Conclusions


In this study, crude GPP was extracted by orthogonal test design optimized hot water extraction method and the optimum extraction conditions of GPP from grape pomace were 75 °C with a 1:25 raw material to solvent ratio for 40 min while extraction time is the most significant factor among them. The crude polysaccharide was further purified with gel filtration chromatography and chemically characterized. Structural characterization showed that the GPP polysaccharide was composed of arabinose, glucose, galactose, and mannose at a molar ratio of 18.4:14.1:10.8:3.0. In addition, FT-IR analysis suggested that GPP consisted of α-pyranose and β-pyranose, containing carboxyl groups simultaneously. These investigations can contribute to the application of GPP in future research and healthcare applications.
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Figure 1. Effect of single parameter on the extraction yield of grape pomace polysaccharide (GPP). (A) Material to solvent ratio; (B) extraction time; (C) extraction temperature. Data are means ± SD (n = 3). The error bars represent the standard deviation. Values marked by the same letter are not significantly different (p < 0.05). 
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Figure 2. Purification and UV-Vis characterization of grape pomace polysaccharide (GPP). (A) The GPP content in each elution fraction. The extracted GPP was purified with an S-400 HR gel filtration chromatography column and collected. Each elution fraction was obtained continuously for 1 min, for a total of around 100 min. The polysaccharide content of each tube was determined with the phenol-sulfuric acid method. (B) The UV-Vis spectra of GPP. The purified GPP was collected and concentrated. The absorbance of the product between 190 and 600 nm was recorded on a Hitachi U-3900H spectrophotometer. 
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Figure 3. Monosaccharide composition of grape pomace polysaccharide (GPP). (A) Chromatogram of standard monosaccharides: PMP: 1-phenyl-3-methyl-5-pyrazolone; MAN: mannose; GLU: glucose; GAL: galactose; ARA: arabinose. (B) Chromatogram of GPP with peak identity: PMP: 1-phenyl-3-methyl-5-pyrazolone; MAN: mannose; GLU: glucose; GAL: galactose; ARA: arabinose. 
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Figure 4. FT-IR spectra of grape pomace polysaccharide (GPP). The transmittance of GPP mixed with KBr on a FT-IR spectrometer of 400–4000 cm−1. 
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Table 1. Factors and levels for the orthogonal test.
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Variable

	
Levels




	
1

	
2

	
3






	
(A) Ratio of material to solvent (n)

	
1:25

	
1:30

	
1:35




	
(B) Extraction temperature (°C)

	
65

	
70

	
75




	
(C) Extraction time (min)

	
30

	
40

	
50
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Table 2. Analysis of orthogonal test results.






Table 2. Analysis of orthogonal test results.












	Exp NO.
	(A) Ratio of Raw

Material to Solvent (n)
	(B) Extraction

Temperature (°C)
	(C) Extraction

Time (min)
	Extraction Yield (%)





	1
	1
	1
	1
	13.22



	2
	1
	2
	2
	14.55



	3
	1
	3
	3
	14.22



	4
	2
	1
	2
	14.66



	5
	2
	2
	3
	13.66



	6
	2
	3
	1
	13.11



	7
	3
	1
	3
	13.66



	8
	3
	2
	1
	12.88



	9
	3
	3
	2
	14.33



	K1
	14.00
	13.85
	13.07
	



	K2
	13.81
	13.70
	14.51
	



	K3
	13.62
	13.89
	13.85
	



	R
	0.38
	0.19
	1.44
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