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Abstract

:

The rhizome of Polygonatum, which has been consumed in China for nearly 2000 years, is rich in oligosaccharides, polysaccharides, saponins, and alkaloids and has various effects such as lowering blood sugar and anti-aging. Its aerial parts are often discarded as by-products and have been rarely studied; moreover, the nutritional composition and carbohydrate composition of these parts are not clear. In this study, the nutritional composition, amino acid evaluation, and the total phenolics content of the leaves, stems, fruits, and flowers of Polygonatum cyrtonema Hua were analyzed, and the composition and content of carbohydrates were determined by high-performance anion-exchange chromatography with pulsed amperometric detection (HPAEC–PAD). The results suggested that the leaves and flowers of Polygonatum cyrtonema Hua (PC) contained 1.12–1.37% phenolic substances. The proteins of the aerial parts had high nutritional values, and the total amino acid content of the leaves and flowers, with the total leaf amino acids amounting to 11.77%, were followed by the flowers at 11.65%. The sugars in the flowers were mainly free monosaccharides at 10.38%, and the fruits were dominated by 9.44% fructo-oligosaccharides. This study provided new evidence for the utilization of the aerial parts of Polygonatum.
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1. Introduction


Polygonatum is a perennial plant; it is also a traditional Chinese herb that can be eaten as a food or used medicinally. It was commonly reported that the rhizome of Polygonatum contains polysaccharides, flavonoids, saponins, and alkaloids, which make it have a variety of pharmacological effects, including antiglycation activity [1], immunomodulatory activity [2], and anti-diabetic activity [3]. The rhizomes of Polygonatum cyrtonema Hua (PC), one of the three species recorded in the pharmacopeia, are usually steamed and then dried several times before use. In ancient China, it was recorded that the leaves, flowers, fruits, and seedlings of Polygonatum had a history of being eaten [4,5], but these aerial parts were rarely studied and were usually discarded, making the whole plant underutilized.



Carbohydrates, especially functional polysaccharides, are an important class of biologically active substances. They are macromolecular compounds composed of several monosaccharides, which are widely present in living organisms and have the function of regulating cell growth, metabolism, and immune response, promoting the health of the organism and other physiological functions [6]. Numerous studies have been conducted to demonstrate that carbohydrates were the primary components of Polygonatum‘s aerial parts. Several studies compared the carbohydrate composition of the stems, leaves, and flowers, and it was found that the flowers had the highest polysaccharide content, and the stems had the highest content of fructose and glucose [7]. In addition, the seeds contained a large amount of starch, with a content proportion of about 60.9–65.2% of the total; moreover, the soluble sugar content in the seeds of PC was as high as 28.4% [8]. The rhizome, as an underground part, was also rich in carbohydrates, including sucrose, fructose, and about 30% fructo-oligosaccharides (FOSs). Interestingly, it contained almost no starch [9], so it is a good source of prebiotics, which is a type of nondigestible sugar broken down in the large intestine by probiotics, and it can contribute to intestinal microbial balance [10]. As a prebiotic, an FOS can selectively stimulate lactic acid bacteria and promote bacterial growth [11]. In addition, the structural information and biological activity of the rhizomes’ polysaccharides have been studied in depth [12,13]. Studies have also shown that Polygonatum leaf polysaccharides have the effect of regulating intestinal probiotics [14]. However, the sugar composition of the aerial parts of Polygonatum is not clear and comprehensive, and we speculate that FOSs also exist in these parts as an important prebiotic.



Other functionally active components were present in the aerial parts of Polygonatum. In comparison with the roots and rhizomes, the leaves and flowers contained higher levels of total phenolics, total flavonoids, and total saponins [15,16]. These components were shown to have antioxidative activity, free radical scavenging capacity, and anti-inflammatory and antimicrobial effects [17,18]. These functionally active components are the most important non-nutritional bioactive components in the human diet. However, a thorough analysis of the composition and content of these components in the aerial parts of Polygonatum has not yet been done.



Based on the amino acid composition of the human body, amino acids could be classified as essential amino acids (EAAs), conditionally essential amino acids (CEAAs), and nonessential amino acids (NEAAs). In addition, amino acids are classified according to their characteristics, such as flavor amino acids (FAAs) and medicinal amino acids (MAAs) [19]. Polygonatum seeds had 2.69% EAAs [20], which were necessary because they can only be obtained from food, and the flowers had 4.42% EAAs [15]. Additionally, the EAA/TAA score of the flowers was about three times that of the rhizomes, and FAAs were abundant in the flowers [15], making the flowers both tasty and nutritious.



Previous studies implied that collecting every ton of rhizomes yields about 400 kg of stems and leaves [21], meaning there was a considerable amount of aerial materials that remained unused. However, due to the lack of systematic analysis of its nutritional content and utilization value, the related products of the aerial parts of Polygonatum are very scarce in the market. Therefore, the aerial parts of Polygonatum need to be analyzed from the point of view of food nutrition, and their unclear carbohydrate composition needs to be accurately analyzed.



The rhizome of Polygonatum has been eaten in China for over 2000 years as a food and as a medicine [22]. It exhibits enormous market potential with more than 150 proprietary Chinese medicines and more than 350 health foods among the developments of its raw materials. However, the rest of the whole plant has not been utilized. Therefore, the aim of the present study was to evaluate the nutritional composition and active components of the leaves, stems, fruits, and flowers of Polygonatum cyrtonema Hua, with a focus on the fine analysis of amino acids and carbohydrates, in order to effectively improve the comprehensive consumption value of Polygonatum.




2. Materials and Methods


2.1. Materials and Chemicals


Fresh leaves, stems, flowers, and fruits of Polygonatum cyrtonema Hua (PC) were collected from Fujian province, China. These parts were cleaned separately and then freeze-dried under vacuum and then ground to an average particle size of 250 μm.



Monosaccharide standards [fucose (Fuc), rhamnose (Rha), arabinose (Ara), galactose (Gal), mannose (Man), xylose (Xyl), glucose (Glc), fructose (Fru), galacturonic acid (GalA), glucuronic acid (GlcA), and sucrose (Suc)] were purchased from Sigma-Aldrich Chemical Co. (St. Louis, MO, USA). Trifluoroacetic acid (TFA) was supplied by Shanghai Macklin Biochemical Technology Co., Ltd. (Shanghai, China). Diethylene glycol was supplied by Shanghai Aladdin Biochemical Technology Co., Ltd. (Shanghai, China). Amino acid standards [histidine (His), isoleucine (Ile), leucine (Leu), lysine (Lys), methionine (Met), phenylalanine (Phe), threonine (Thr), tryptophan (Try), valine (Val), aspartic acid (Asp), glutamate (Glu), glycine (Gly), proline (Pro), serine (Ser), alanine (Ala), tyrosine (Tyr), arginine (Arg), cystine (Cys)], 5-hydroxymethylfurfural (5-HMF), rutin, and gallic acid were purchased from Shanghai Yuanye Bio-Technology Co., Ltd. (Shanghai, China); other reagents are analytically pure reagents.




2.2. Nutritional Content Analysis


According to the definition of the China Food Composition Tables Standard Edition [23], macronutrients include protein, amino acids, fat, carbohydrates, dietary fiber, and others.



Protein content was determined by the Kjeldahl method [24], which was on the basis of total nitrogen content multiplied by a conversion factor of 6.25. The composition and content level of total amino acids were determined by the National Standards for Food Safety of China—Determination of Amino Acids in Food (GB 5009.124-2016) [25]. Fat was extracted using petroleum ether by continuous refluxing for 6 h; the liquid was collected and weighed after it was dried.



The total carbohydrate content was calculated by the subtraction method of the Association of Official Analytical Chemists:


Total carbohydrate (%) = 100 − [(protein (%) + fat (%) + moisture (%) + ash (%)]



(1)







In addition, the amount of available carbohydrate could be calculated from the total carbohydrate minus the total dietary fiber (TDF). TDF, soluble dietary fiber (SDF), and insoluble dietary fiber (IDF) were calculated by the AOAC enzymatic–gravimetric method; TDF = SDF + IDF.



Fresh plant material was dried by oven dehydration at 105 °C for 12 h then cooled off and weighed to determine the moisture content. The dried powder was placed in a muffle furnace at 650 °C for 4 h, then the weight of the ash content was recorded [26].



All samples were analyzed in triplicate, and their nutritional contents were expressed as a percentage of the fresh weight (FW).




2.3. Amino Acid Nutritional Evaluation


EAAs include 9 amino acids, and NEAAs include 5 amino acids, and the content calculation formula were as follows:


EAAs (%) = His (%) + Ile (%) + Leu (%) + Lys (%) + Met (%) + Phe (%) + Thr (%) + Try (%) + Val (%)



(2)






NEAAs (%) = Asp (%) + Ser (%) +Glu (%) + Gly (%) + Pro (%)



(3)







FAAs include umami amino acids (Glu, Asp, Lys), bitter amino acids (Val, Ile, Leu, Tyr, Phe, Arg), and sweet amino acids (Thr, Ser, Pro, His, Gly, Ala) [27]. MAAs contain 9 amino acids [28,29]:


MAAs (%) = Glu (%) + Arg (%) + Gly (%) + Asp (%) + Tyr (%) + Met (%) + Phe (%) + Leu (%) + Lys (%)



(4)







According to the models of human amino acids in the World Health Organization/Food and Agriculture Organization of the United Nations/United Nations University (WHO/FAO/UNU) in 2007 [30], the amino acid score (AAS) is calculated to determine whether the amino acids of protein in a food are restricted amino acids, and the higher the AAS, the higher the nutritional value of the protein.


   AAS % =     mg   of   amino   acid   in   1   g   test   protein     mg   of   amino   acid   in   requirement   pattern    × 100  



(5)







The amino acid with the lowest score is called the restriction amino acid, and its score is the AAS of the protein. In this study, the human amino acid pattern was used as the standard mode.




2.4. Determination of Phenolic Content


Petroleum ether was added to the powders of the leaves, flowers, fruits, and stems, and ultrasound extraction was performed for 30 min to remove the pigments; then, we repeated the extraction again. After the residue was dry, 80% methanol was added into it; ultrasound extraction was performed for 15 min and repeated twice. Then, we centrifuged and removed the insoluble matter to obtain the extract.



The total phenolic content was determined by the Folin–Ciocalteu colorimetric method [31] with minor modifications. We mixed 200 μL diluted extract and 800 μL 3% (w/v) Na2CO3, then added 20 μL Folin–Ciocalteu reagent, and the mixture was shaken vigorously. After a 30 min reaction at room temperature in the dark, the absorbance was measured at 765 nm. Using gallic acid as the standard product, the total phenolic content was expressed as mg gallic acid equivalents (GAE) per g−1 of dry weight (DW).




2.5. Extraction of Polysaccharides and the Low Molecular Weight Fraction


We added pure water to the sample powder treated with petroleum ether to obtain the extract at 90 °C for 2 h. After a centrifugation, the unprecipitated fraction was the extract. To achieve a concentration of 80% ethanol in the extract, absolute ethanol was added, then the extract was placed at 4 °C for alcoholic precipitation. The precipitated fraction was crude polysaccharide. After the ethanol was removed, the fraction was dissolved in pure water to obtain the polysaccharide solution. The unprecipitated fraction was concentrated under reduced pressure until the ethanol was removed, then diluted with ultrapure water to obtain the low molecular weight fraction containing monosaccharides and oligosaccharides.




2.6. Determination of Total Soluble Sugar and Polysaccharide Content


Total soluble sugar content was analyzed by the phenol–sulfuric acid method [32]. We diluted the extract and the polysaccharide solution to appropriate concentrations, respectively. Then, we took 1 mL and added 1 mL of 6% phenol solution and 5 mL of H2SO4. The same procedure was performed using glucose as a standard product. The absorbance was measured at 490 nm.




2.7. Determination of Monosaccharides, Sucrose, and Fructo-Oligosaccharides


Since fructose could not be derived by 1-phenyl-3-methyl-5-pyrazolone (PMP) [33], the HPAEC–PAD method was used to detect 10 monosaccharides, which include Fuc, Rha, Ara, Gal, Man, Xyl, GalA, GlcA, Glu, and Fru, and sucrose could also be detected.



The low molecular weight fraction was passed through 0.22 μm aqueous phase filter membranes. The content levels of Glu, Fru, and Suc were analyzed by HPAEC–PAD, and the fructo-oligosaccharides (FOSs) were analyzed using modified acidolysis [9]. Fructose and glucose could convert to 5-HMF during acidolysis, resulting in low FOS content [34]. Therefore, 5-HMF was also quantified in this study to convert to glucose and fructose.



Other free monosaccharides were determined by ion chromatography (IC) [35].


Free monosaccharides (%) = Fuc (%) + Rha (%) + Ara (%) + Gal (%) + Man (%) + Xyl (%) + Glc (%) + Fru (%)



(6)







All were calculated by dry weight.




2.8. Structural Analysis of Polysaccharides


The monosaccharide composition of the polysaccharides was also determined by the IC method. The weight-average molecular weight (Mw) and the polydispersity [Mw/the number-average molecular weight (Mn)] of the polysaccharides were determined by size-exclusion chromatography measurement coupled with a multi-angle laser light scattering detector (SEC–MALLS). The crude polysaccharides were dissolved in ultrapure water to obtain a concentration of 2–4 mg/mL then filtered through 0.22 μm membranes before injection. The detector was a MALLS instrument (DAWN HELEOS II, Wyatt Technology, Santa Barbara, CA, USA) combined with a differential refractive index (RI) detector [36]. The SB-804/806 HQ columns (7.8 mm × 300 mm; Showa Denko, Tokyo, Japan) were connected in series with 0.15 mol/L of NaCl as the mobile phase. Data were analyzed using ASTRA software (Version 7.3.2.17 64-bit, Wyatt Technology, Santa Barbara, CA, USA).





3. Results and Discussion


3.1. Nutritional Content Analysis


The content percentages of the moisture, protein, fat, ash, and total carbohydrates are shown in Figure 1a. In the fresh state, the flowers had the highest moisture content (83.8 ± 1.90%), followed by the stems (77.35 ± 2.48%) and leaves (74.04 ± 1.88); the lowest was in the fruits (62.21 ± 1.83).



Carbohydrates were the main macronutrients. According to the dietary reference intakes (DRIs) in China (2013), carbohydrate intake accounts for 50–65% of the body’s total calorie intake. Daily intake of high-quality carbohydrates reduced the risk of all-cause mortality [37]. Calculated according to Formula (1), the fruits of PC had the highest carbohydrate content (30.32%) based on fresh weight (FW), followed by the stems (20.26%), leaves (19.17%), and flowers (12.36%). However, the results were higher than reality because lignin, organic acids, tannic acids, and other unknown compounds were included [38]. Dietary fiber was considered an important nutrient and refers to carbohydrates such as polysaccharides and oligosaccharides that are difficult to digest and absorb [39]. According to the method used, some low molecular soluble dietary fibers, including oligofructose, oligogalactose, polydextrose, resistant maltodextrin, and resistant starch, were not detected [40], and thus the dietary fiber content was lower than the actual values. Based on dry weight (DW) calculations, the IDF (45.81%) and TDF (49.08%) content of the leaves were highest (Figure 1b), which showed that in the dried leaves, insoluble dietary fiber was the predominant component. Fruits had the least TDF, but the highest SDF content, followed by flowers, indicating that they were rich in dietary fiber.



Protein was also one of the main macronutrients in the aerial parts of PC, and it was abundant in the leaves and the fruits. Its content level was 3.5–4.8% between them, which was roughly three times as much as in the stems and flowers. In addition, the fat content of PC aerial parts was extremely low, accounting for only 0.09–1.38%.




3.2. Amino Acid Profile and Nutritional Evaluation


When determining the nutritional value of food, the quality of the protein is a crucial component that is typically determined by the composition and content of amino acids [19]. The four aerial parts of PC, as shown in Table 1, contained nine essential amino acids. Glutamate was the most abundant amino acid in flowers, stems, and leaves, and it significantly affected the memory and the functioning of the central nervous system [41]. In PC fruits, tryptophan was found in the highest concentration, and it also had potential physiological activity that could modulate neuroendocrine and intestinal immune responses [42].



The highest EAA and TAA contents were found in PC leaves, and the EAAs were also abundant in flowers. According to the ideal amino acid composition proposed by WHO/FAO, an EAA content/NEAA content > 0.6 and an EAA content/TAA content ≈ 0.4 are better for the human body [19]. The four parts of PC were all close to the values, so the proteins of the aerial parts were high-quality protein. Among the parts, the fruits had the highest ratios of EAAs/TAAs (0.51) and EAAs/MAAs (1.33), suggesting that its protein had the higher proportion of essential amino acids and the higher nutritional value. The abundance of MAAs in the leaves (6.85% content) hinted at their potential medicinal properties. The flowers and leaves contained the largest amount of FAAs, reaching more than 10%. The amount of umami and sweet amino acids in the flowers was found to be about 63.7% of the TAAs, which was regarded to be the cause of the nice flavor of the flowers.



The amino acid score (AAS) recommended by WHO/FAO/UNU is a widely used method for protein quality evaluation. The protein quality was evaluated by comparing the AAS of the tested sample with WHO/FAO/UNU standard AAS. Of the nine essential amino acids, the amino acid with the lowest AAS is called the first-limiting amino acid, and its AAS value is also used as the amino acid score for this protein. As shown in Table 2, Leu was the first-limiting amino acid for stems and flowers, and methionine and valine for leaves and fruits, respectively. Lack of limiting amino acids may lead to inadequate utilization of other amino acids by the body, thus reducing the nutritional value of the protein. Therefore, noting the compatibility of indispensable amino acids in one’s diet can prevent an amino acid imbalance [43].




3.3. Total Phenolics Content


The phenolics are known as the most abundant secondary metabolites in plants and have medicinal properties, with medicinal plants and aromatic plants being their important sources [27]. As shown in Table 3, the total phenolic content in the leaves was the highest, and in the flowers, it was also higher, being 3–4 times that of the stems and fruits. It was speculated that the leaves and flowers had some medicinal properties, such as antidiabetic, anti-inflammatory, and anticancer [44].



In this experiment, it was observed that the methanol extract of the four parts showed varying degrees of yellow-green, indicating the significant presence of flavonoids, which can modify flowers’ colors, enhance plant resistance, and provide nutritional value for human diets [45]. However, due to the complex structure of phenolic substances, the results of using this colorimetric method are not accurate enough. Other substances such as ascorbic acid, aromatic amines, and sugar may also be measured [46]. Therefore, more advanced methods, such as high-performance liquid chromatography (HPLC), gas chromatography (GC), or combined mass spectrometry (MS), should be used to further analyze the particular phenolic composition, which plays an important role in the utilization of the medicinal value of the aerial parts of Polygonatum.




3.4. Sugar Composition and Content


Sugar is the most important energy substance in plants. Clarifying the content and composition of small molecule sugars and polysaccharides is conducive to the processing and utilization of some aerial raw materials. The results of the phenol–sulfuric acid method showed that fruits had the highest total soluble sugar and polysaccharide content (Table 3), with 25.35% and 3.08%, respectively, whereas the polysaccharide contents in the leaves and stems were lower, less than 0.5%. Since colorimetric and chromatographic methods were used for the determination of the sugar composition, their results may slightly differ. IC was used to determine the content of free monosaccharides in samples before acidolysis (the blue lines in Figure 2a,c,e,g), and the data were shown in Table 3.



The free monosaccharide content in the four parts is about 5.05–10.38%, illustrating that the free monosaccharide was the main soluble sugar in the leaves, stems, and flowers. On the other hand, the content percentages of Rha, Ara, Gal, and Man increased slightly with the low molecular weight sugars that were revealed under acidolysis, as shown by the orange lines in Figure 2a,c,e,g, indicating the presence of oligosaccharides composed of these monosaccharides.



HPAEC–PAD was used to determine the content percentages of Glu, Fru, Suc, and 5-HMF, which was necessary for the quantification of FOSs. FOSs are oligosaccharides composed of Glu and Fru [47], so the Glu and Fru produced by the sample after acidolysis were considered to be degraded by FOS. However, under acidic or high temperature conditions, Glu and Fru were dehydrated to produce 5-HMF, especially the latter, and the 5-HMF was further degraded [48]. Therefore, in this study, the conversion of 5-HMF to Glu/Fru according to the concentration of the amount of substance could reduce the error, but it was not possible to calculate the 5-HMF that has been degraded. And different samples under the condition of acidolysis may also be over or under acidolysis. So, the calculation results would be lower than the actual value. The results were shown in Table 3. It was found that about 9.44% fructo-oligosaccharides were present in the fruits, but some substances were still not identified.




3.5. Structural Analysis of Polysaccharides


Monosaccharide composition was a primary structure characterization for polysaccharides, and it can reflect the relative molar ratios of various monosaccharides in polysaccharides. The results showed that the monosaccharide composition of the polysaccharides in the four parts was slightly different (Table 4). The leaves‘ polysaccharides were mainly composed of Gal, Ara, and Man. Gal and Man were also the highest in the polysaccharides of the stems and flowers. However, a considerable portion of Glc and GalA were present in the fruits. Since GalA is the main component of pectin, it meant that the fruits contained more pectin structure than other parts.



The fruits had the smallest polysaccharide Mw of 155.1 kDa, and the leaves had the largest of 809.2 kDa. The leaves were richer in dietary fiber and had the highest molecular weight. Since the main chain of hemicellulose consists of galactans, mannans, and branched chains that have arabinose or galactose [49], and because of the information on the composition of the monosaccharides, it was assumed that the leaves were rich in hemicellulose, which is also contained in the stems and flowers. The larger the polydispersity index (PDI) of the polysaccharide (Mw/Mn), the wider the Mw distribution. Table 3 suggested that the Mw distribution of polysaccharides in the stems was relatively narrow, while the polysaccharides in other parts had a wide Mw distribution.





4. Conclusions


This present study found that the leaves and flowers of Polygonatum cyrtonema Hua were rich in amino acids and had some nutritional value. Additionally, the aerial parts of Polygonatum contained small molecule weight sugars that have not been carefully studied, including free monosaccharides, sucrose, and fructo-oligosaccharides. Further, there was about 9.44% fructo-oligosaccharide in the Polygonatum fruits, providing evidence for its potential prebiotic effects. This was an important reference for the utilization of the whole plant of Polygonatum and for the development of new resources.
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Figure 1. (a) Nutrition content of the aerial parts of PC (by fresh weight). (b) The composition and content of dietary fiber (by dry weight). The sum of soluble dietary fiber (SDF) and insoluble dietary fiber (IDF) was the total dietary fiber. 
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Figure 2. Signals of monosaccharides and sucrose before and after acidolysis under IC and HPAEC –PAD analysis. (a) Monosaccharides in leaves determined by IC; (b) 5-HMF, Glc, Fru, Suc in leaves determined by HPAEC–PAD; (c) monosaccharides in stems determined by IC; (d) 5-HMF, Glc, Fru, Suc in stems determined by HPAEC–PAD; (e) monosaccharides in fruits determined by IC; (f) 5-HMF, Glc, Fru, Suc in fruits determined by HPAEC–PAD; (g) monosaccharides in flowers determined by IC; (h) 5-HMF, Glc, Fru, Suc in flowers determined by HPAEC–PAD. 
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Table 1. The composition and content percentages of amino acids from the aerial parts of PC.
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Leaves

	
Stems

	
Fruits

	
Flowers






	
Contents of amino acids (%)

	
His

	
0.23 ± 0.01

	
0.06 ± 0.01

	
0.04 ± 0.01

	
0.24 ± 0.01




	
Ile

	
0.52 ± 0.01

	
0.12 ± 0.01

	
0.10 ± 0.01

	
0.53 ± 0.01




	
Leu

	
0.91 ± 0.01

	
0.19 ± 0.01

	
0.21 ± 0.01

	
0.90 ± 0.01




	
Lys

	
0.86 ± 0.01

	
0.28 ± 0.01

	
0.15 ± 0.01

	
0.72 ± 0.01




	
Met

	
0.13 ± 0.01

	
0.02 ± 0.01

	
0.03 ± 0.01

	
0.07 ± 0.01




	
Phe

	
0.61 ± 0.01

	
0.13 ± 0.01

	
0.11 ± 0.01

	
0.54 ± 0.01




	
Thr

	
0.53 ± 0.01

	
0.13 ± 0.01

	
0.09 ± 0.01

	
0.50 ± 0.01




	
Try

	
0.98 ± 0.01

	
1.09 ± 0.04

	
0.85 ± 0.02

	
0.11 ± 0.01




	
Val

	
0.62 ± 0.01

	
0.18 ± 0.01

	
0.03 ± 0.01

	
0.67 ± 0.01




	
Asp

	
1.02 ± 0.01

	
0.37 ± 0.02

	
0.22 ± 0.02

	
0.95 ± 0.01




	
Glu

	
1.87 ± 0.01

	
1.30 ± 0.08

	
0.47 ± 0.01

	
2.18 ± 0.01




	
Gly

	
0.56 ± 0.01

	
0.17 ± 0.01

	
0.14 ± 0.01

	
0.52 ± 0.01




	
Pro

	
0.66 ± 0.01

	
0.11 ± 0.01

	
0.12 ± 0.01

	
0.60 ± 0.01




	
Ser

	
0.59 ± 0.01

	
0.15 ± 0.01

	
0.12 ± 0.01

	
0.61 ± 0.01




	
Ala

	
0.65 ± 0.01

	
0.19 ± 0.01

	
0.14 ± 0.01

	
1.10 ± 0.01




	
Tyr

	
0.38 ± 0.01

	
Not detected

	
Not detected

	
0.32 ± 0.01




	
Arg

	
0.51 ± 0.01

	
0.13 ± 0.01

	
0.18 ± 0.01

	
0.52 ± 0.01




	
Cys

	
0.14 ± 0.01

	
0.34 ± 0.03

	
0.13 ± 0.01

	
0.57 ± 0.01




	
TAAs

	
11.77

	
4.96

	
3.13

	
11.65




	
EAAs

	
5.39

	
2.20

	
1.61

	
4.28




	
NEAAs

	
5.35

	
2.29

	
1.21

	
5.96




	
FAAs

	
10.52

	
3.51

	
2.12

	
10.9




	
MAAs

	
6.85

	
2.59

	
1.51

	
6.72




	
EAAs/TAAs

	
0.46

	
0.44

	
0.51

	
0.37




	
EAAs/NEAAs

	
1.01

	
0.96

	
1.33

	
0.72











 





Table 2. Amino acid score (AAS) of the aerial parts of PC.
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Amino Acid

	
AAS Value




	
Leaves

	
Stems

	
Fruits

	
Flowers






	
Ile

	
10.40

	
2.40

	
2.00

	
10.60




	
Leu

	
9.29

	
1.94

	
2.14

	
9.18




	
Lys

	
11.47

	
3.73

	
2.00

	
9.60




	
Met + Cys

	
7.30

	
9.73

	
4.32

	
17.22




	
Phe + Tyr

	
15.71

	
2.06

	
1.75

	
13.65




	
Thr

	
13.95

	
3.42

	
2.37

	
13.16




	
Val

	
9.54

	
2.77

	
0.46

	
10.31




	
Trp

	
98.00

	
109.00

	
85.00

	
11.00











 





Table 3. Total phenolic and soluble sugars content of the aerial parts of PC (%).
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	Leaves
	Stems
	Fruits
	Flowers





	Total phenolic
	1.37 ± 0.05
	0.37 ± 0.03
	0.31 ± 0.02
	1.12 ± 0.03



	Total soluble sugar
	10.79 ± 0.08
	7.88 ± 0.55
	25.35 ± 2.10
	12.19 ± 0.92



	Free monossaccharide
	6.00 ± 0.08
	7.39 ± 1.52
	5.05 ± 0.19
	10.38 ± 0.63



	Sucrose
	1.60 ± 0.07
	2.66 ± 1.28
	2.68 ± 0.22
	0.36 ± 0.03



	Fructo-oligosaccharide
	0.65 ± 0.28
	0.29 ± 0.02
	9.44 ± 0.68
	0.10 ± 0.02



	Polysaccharide
	0.45 ± 0.13
	0.29 ± 0.08
	3.08 ± 0.58
	1.10 ± 0.05










 





Table 4. Monosaccharide composition of polysaccharides of the aerial parts from PC.
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Leaves

	
Stems

	
Flowers

	
Fruits






	
Monosaccharide composition (mol %)

	
Fuc

	
0.88 ± 0.11

	
1.23 ± 0.86

	
0.79 ± 0.16

	
0.87 ± 0.34




	
Rha

	
3.10 ± 0.27

	
2.49 ± 1.04

	
3.82 ± 0.19

	
2.38 ± 1.18




	
Ara

	
29.11 ± 1.90

	
19.81 ± 0.65

	
11.66 ± 0.47

	
5.55 ± 0.03




	
Gal

	
33.28 ± 2.72

	
30.86 ± 0.23

	
29.04 ± 0.99

	
7.25 ± 0.70




	
Glc

	
8.40 ± 1.83

	
10.07 ± 0.06

	
17.66 ± 0.35

	
24.02 ± 4.12




	
Man

	
15.03 ± 4.52

	
23.08 ± 2.08

	
28.09 ± 0.17

	
36.66 ± 3.19




	
Xyl

	
6.20 ± 1.34

	
5.70 ± 0.78

	
4.78 ± 0.34

	
6.53 ± 2.03




	
Fru

	
0.48 ± 0.83

	
3.03 ± 0.99

	
0.00 ± 0.00

	
2.53 ± 0.12




	
GalA

	
2.83 ± 1.88

	
3.07 ± 0.87

	
3.35 ± 0.85

	
13.63 ± 0.14