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Asparagus [Asparagus cochinchinensis (Lour.) Merr.] is a traditional herbal medicine plant commonly used to nourish yin, moisten dryness, and clear fire cough symptoms. Drying is an excellent option to conserve food materials, i.e., grains, fruits, vegetables, and herbs, reducing the raw materials volume and weight. This study aims to evaluate different drying approaches that could increase the value of asparagus, particularly as an ingredient in fast foods or as nutraceutical byproducts. The volatile components of asparagus roots were analyzed by using headspace-gas chromatography-ion mobility spectroscopy under different drying conditions, i.e., natural drying (ND) at ambient air temperature in the dark, well-ventilated room, temperature range 28–32°C, blast or oven drying at 50°C, heat pump or hot-air drying at temperature 50°C and air velocity at 1.5 ms–1 and vacuum freeze-drying at the temperature of −45°C and vacuum pressure of 10–30 Pa for 24 h. The findings revealed that the various drying processes had multiple effects on the color, odor index, and volatile compounds of the asparagus roots. As a result of the investigations, multiple characteristics of components, therefore, exploitation and comparison of various flavors; a total of 22 compounds were identified, such as alcohols, ketones, aldehydes, acids, esters, heterocyclic, and terpene. The present findings may help understand the flavor of the processed asparagus roots and find a better option for drying and processing.
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INTRODUCTION

The asparagus [Asparagus cochinchinensis (Lour.) Merr.] plant belongs to the family Liliaceae and is available at seashores, lightly wooded hillsides, roadsides, and unfertilized agricultural cultivated lands in China. It is a popular traditional herbal treatment for nourishing yin, moistening dryness, and clearing fire cough symptoms (1). Flavonoids and other phenolic substances found in asparagus have potent antioxidant properties (2, 3). The aroma of dried asparagus roots is determined by a group of volatile compounds (VCs), which is important for its quality. Drying is the key factor in processing dried asparagus roots, and the drying procedures might affect the VCs and flavors (1, 3, 4).

The efficiency of gas chromatography-ion mobility spectroscopy (GC-IMS) for the quantification and detection of volatile compounds in a variety of substrates has been demonstrated (4–8). In comparison to other analytical approaches, the IMS is characterized by a better sensitivity, minimal sample preparation, the benefits of rapidity, and relatively inexpensive analysis. The gas-phase ions separation in the IMS apparatus is based on their varying mobility inside a drift tube applied to a steady electric field maintained at atmospheric pressure. Due to the combination of the GC retention time and IMS drift time when employed as a GC detector, a two-dimensional separation of the volatile components in a given sample can be obtained. Recently, the potential for GC-IMS coupling to promote sensitivity and selectivity was explored (9, 10). Chemometric processing is required due to the large amount of data supplied by GC-IMS analyses. Headspace-gas chromatography combined with ion mobility spectrometry (HS-GC-IMS) has become an efficient approach used to quantify volatile compounds in solid or liquid samples with complex traits (11–13).

Drying is an ancient and unrivaled physical process driven by the energy of solar radiation for food-grains preservation for direct preparation of agro-food materials and further processing in the agro-industries and pharmaceutical products all year long (3, 14, 15). Nowadays, recent approaches have been thoroughly examined in terms of chemical and biological variations in the products subjected to the drying methods. It conserves the products and may significantly affect the quality of material (16, 17). The physical properties of the dried products are primarily fundamental in terms of rehydration, which is defined by the capacity of the dried food materials to back their natural flavors. Rehydration depends on various factors, i.e., before-treatment types, percentage of moisture, the technique of processing, and drying approaches (14, 15). Decreasing moisture content from the fresh material reduces bacterial development and multiplication and extends the shelf-life of the final product. Furthermore, the drying condition affects enzyme activities, sensory characteristics, and microbial development (3, 18, 19). The advanced drying procedures should get benefits like maximum efficiency of energy, product quality improvement, low cost, and reduced atmospheric losses (20).

The loss of energy during traditional hot air drying is quite substantial. As a result, various approaches have been developed to concentrate on restoring the exhausted air in the process (21). In this type of dryer, a refrigerator is used to recover the latent heat by water condensation. In this process, hot air is supplied to the product, releasing humid air. The air moves to the heat pump evaporator, where it is condensed, allowing the latent heat of vaporization to be reutilized to rewarm the drying air (14, 17, 22). The advantage of the heat pump drying strategy is that it reduces the time and temperature by lowering the relative humidity as compared to conventional hot-air dryers (17, 22). The blast or oven drying is one of the most employed approaches due to its low cost but implies exposure to oxygen and excess heat intensity (temperatures), which may affect the chemical composition of the food material. It creates a large vapor pressure differential between the center and the surface of the material, allowing rapid transport of moisture out of the product and preventing structural damages (23, 24). Freeze drying is the appropriate method for producing high-quality food/fruit material but has more expensive. This drying preserves sensory attributes, few authors documented that this might lead to loss of bioactive compounds (24–26).

Food drying causes sensory, physico-chemical, and nutritional changes (14). The morphological appearance of dried food products is very important for the initial assessment by the consumers. In the agro-food industries, color variations have enhanced morphological quality by applying coloring compounds, resulting in increased customers acceptability of foods (1, 3, 4, 15). Color variations caused by using various drying processes have already been demonstrated for a variety of plants (27–34). The stability of antioxidant compounds is regulated by several parameters, including the raw material, temperature, and processing time. The variation of phytochemical content may be affected by heat, time duration, oxygen levels, and availability of light (15, 35).

The volatile compounds have primarily been observed in aromatic herbs. Fresh and dried culinary herbs are the two most common ways to consume the plant. However, the fresh raw materials cannot be sold effectively worldwide. Significant volatile compounds are lost during the drying and preservation processes. As air temperature and wattage are enhanced, excess loss of volatile compounds occurs in convective hot air and blast drying processes (15, 21, 36, 37). The significant effect relative to other drying methods is the loss of volatile properties of the material (17, 22). The impact of dehydration on the volatile properties in various food materials implies that all drying processes dramatically reduce the total volatile content of fresh materials (38, 39).

In the present study, the volatile compounds from the dried asparagus roots were assessed by HS-GC-IMS under different drying conditions, such as ND (28–32°C), blast drying (BD, 50°C), heat-pump drying (HD, 50°C), and vacuum freeze drying (VFD, 45°C). The fingerprints spectrum of volatile compounds and principal component analysis (PCA) investigated the key flavor effects on volatile properties with various drying processes. To the best of our knowledge, the effect of different drying approaches on volatile compounds of asparagus roots has been studied limited. The asparagus root powder could be used in the future as a functional ingredient for the development of pharmaceutical and agro-industries.



MATERIALS AND METHODS


Materials and Preparation of the Samples

Guidong no. 1 variety (G), an excellent variety of asparagus, was independently selected by the Institute of Biotechnology, Guangxi Academy of Agricultural Sciences (GxAAS), Nanning, Guangxi, China (22.49° N, 108.18° E). It is 2016 bred, using conventional breeding methods. The male and female parents were selected from the wild asparagus (root tubers) in Liuwanda Mountain, Yulin, Guangxi, China. The control (CK) was a farm variety in Guangxi common species (P). Three-year-old Guidong No. 1 and common species from the planting base of Chinese herbal medicines in Long’an, Guangxi, China, were used.

The asparagus plants root tubers of Guangxi common (P) and Guidong 1 (G) variety were collected from the planting base of the Chinese Herbal Medicine in Long’an, Guangxi, China, and Institute of Biotechnology, Guangxi Academy of Agricultural Sciences, Nanning, Guangxi, China. Dry asparagus roots were assessed for moisture content, which was nearly 3–7% (based on the drying curve and moisture content) and compared with different drying conditions. Analysis was performed to evaluate the color, odor index, volatile compounds, and fingerprints spectrum of the asparagus plant roots. The drying conditions were as follows: (a) ND, by spreading the asparagus roots on the net and drying at ambient air temperature in the dark, well-ventilated room, temperature range 28–32°C, (b) blast or oven drying (BD) at the temperature of 50°C (BD), (c) heat pump or hot-air drying at the temperature of 50°C and air velocity at 1.5 ms–1, and (d) VFD, pre-freeze at −18°C for 24 h, turn on the freezer, compressor work for 30 min, put the materials in the tray for the drying. The freeze-drying temperature was −45°C, and the vacuum pressure of 10–30 Pa for 24 h.



Determination of Morphological Ultra-Structure of Asparagus Dried Roots by Scanning Electron Microscopy

Samples were fixed in a 1.5 ml (pentanediol) tipped centrifuge tube. The ratio of fixative and the samples was kept at 1:20 to ensure that the fixative was fully effective. In the fresh asparagus, roots were gently rinsed, the main vein was avoided, tissues about 3 mm × 7 mm in size were collected. The sample was quickly fixed in the pre-prepared fixative at room temperature in the dark to avoid light for more than 48 h. Samples were stored in a refrigerator (4°C) for further analysis (40). Dried roots samples were visualized using scanning electron microscopy (SEM) (Hitachi High-Tech Co., Ltd., Japan). SEM was carried out at 3.0 kV.



Preparation of Asparagus Roots Samples and Quality Control

The dried asparagus root samples were frozen in liquid nitrogen and then ground into powder using an A11 basic Aika analytical grinder (Aika Instrument Equipment Co., Ltd., Guangzhou, China) and passed through a vibrating sieve with an aperture size of 0.30 mm. The prepared samples were stored in a refrigerator (−20°C) for further analysis.



Analysis of Volatile Compounds Using Headspace-Gas Chromatography Combined With Ion Mobility Spectrometry

For HS-GC-IMS analysis, an Agilent Technologies 6890N gas chromatograph (Agilent, Waldbronn, Germany) coupled with automatic headspace sampler unit and a 2.5 ml syringe (Gerstel GmbH & Co. KG, Mühlheim, Germany) was equipped to an IMS module from G.A.S. (Gesellschaft fur Analytische Sensorsysteme mbH, Dortmund, Germany). 1.0 g root samples were placed in 20 mL headspace sampling bottles and incubated at 80°C (20 min). The centrifuge was set at 500 rpm, and the 200 μl sample was injected at 85°C. The gas chromatographic preparation was performed on a DB-FFAP (60 m × 0.25 mm, 1.0 μm film thickness, Agilent Technologies) capillary column (60°C), the analysis time duration was 30 min, the carrier gas was N2 (purity ≥99.999%), and the flow rate 0–2 min – 2 ml/min, 2–10 min-2–10 ml/min, 10–20 min-10–100 ml/min, and 20–30 min-100–150 ml/min. In the end, the IMS ionization chamber temperature was set at 45°C, the drift gas N2 (purity ≥99.999%), and the flow rate 150 ml/min. The GC-IMS flavor analyzer (FlavourSpec®, Shandong HaiNeng Scientific Instrument Co., Ltd., Shandong, China) was used.

Chromatographic peaks were tentatively identified based on the mass spectra and RI. Mass spectra of volatile compounds were compared with the National Institute of Standards and Technology (NIST) mass spectral database. Compounds were tentatively identified when the mass spectra similarity index was higher than 90%, and RI differed less than 5% from the available literature. Semi-quantitative analysis of relative contents of the volatile compounds was examined by area normalization.



Determination of Physical Parameters

Plant samples were selected randomly and placed in the sample holder for measurement. Ten samples from each group were analyzed in parallel. The spectrophotometer (CM-3600A, Konica Minolta Investment Co., Ltd., China) examined the color of the dried roots under different drying conditions. Before use, the standard plate was used for calibration, and the L value (black and white-brightness), a value (red-green), and b value (yellow-blue) were recorded and expressed by the color difference value (ΔE), as the stated formula:
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Where L, a, and b are the color values and L0, a0, and b0 of the original sample values, respectively.



Statistical Data Analysis

The aroma compound data was analyzed using Laboratory Analytical Viewer (LAV) and three plug-ins (Reporter, Gallery Plot, and Dynamic PCA plug-ins) as well as GC × IMS Library Search program from various perspectives using the built-in NIST software. The data were presented as mean ± standard deviation. ANOVA was carried out using SPSS 23.0 statistical program, and Duncan’s multiple comparison method was used to analyze the significance of differences. p < 0.05 indicates significant differences. The PCA diagram was created using Origin 2019b software.




RESULTS


Gas-Phase Ion Mobility Spectra of Volatile Compounds in Asparagus Roots With Different Drying Conditions

Gas chromatography-ion mobility spectroscopy examined volatile components variations in dried asparagus roots under different drying methods. The two-dimensional view of gas phase-ion movement was acquired. The reaction ion peak is the red vertical line on the left, and each point at the right side of the reactive ion peak represents volatile compounds. The color depth represents the content of volatile compounds, the white area represents the low compound content, and the red area represents high compound content (Figure 1).


[image: image]

FIGURE 1. Two-dimensional overview of the gas phase-ion migration of volatile compounds in asparagus roots with different drying methods. P, common variety; G, Guidong no. 1 variety; ND, natural drying; HD, heat pump drying; VFD, vacuum freeze-drying; and BD, blast drying.


As shown in Figure 1, most of the signals appear in the area where the drift time is 8.0–12.0 ms and the effective retention time (RI) was 400–1,000 s. The Retention Index (RI) and IMS databases quantified 22 compounds. The qualitative results are listed in Table 1, including the compound name, CAS number, RT, and keep time (s). The difference in volatile organic compounds of dried asparagus roots with different drying methods and varieties of asparagus is mainly manifested. For all 22 compounds, identification was based on chromatographic peak RI and the similarity index, which were higher than 90% (Figures 1, 2 and Table 1). Compared with the other drying methods, the red dot area becomes larger, and the color becomes darker, indicating that the heat treatment can keep the volatile compounds in the dried asparagus products and increase the content of some of them.


TABLE 1. Qualitative properties of volatile compounds in aspartame dried products.
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FIGURE 2. Chromatograms of volatile compounds extracted from dried asparagus roots using gas-chromatography ion mobility spectrometry. For compounds listed in Table 1.




Qualitative Analysis of Asparagus Roots Volatile Compounds

Using ion migration drift time and RI to assess volatile compounds qualitatively, some of the volatile compounds in asparagus dried roots were found to have dimers and even trimers structures. Their RT is similar, but migration time is different. The qualitative analysis results of the volatile compounds of the samples are shown in Table 1. The volatile compound profiles of asparagus with varying drying approaches are the same, but compound content is other.

The result showed that a total of 22 volatile compounds were identified, such as 4 alcohols, 4 ketones, 4 aldehydes, 4 acids, 3 esters, 2 heterocyclic compounds, and 1 terpene (Table 1). Only a few asparagus root compounds were found in the forms of monomers and dimers, and the aromatic compounds in roots were dramatically altered during the process’s duration. The results showed differences in VCs of asparagus roots with different drying processes and marked the characteristic regions. Dimer and monomer signals were used to identify ethanol, acetic acid, ethyl acetate, and 3-methylbutyric acid at various keep times.



Fingerprint Spectrum Analysis of Volatile Components in Asparagus Roots During Different Drying Methods

According to the fingerprints of different processes generated by the Gallery Plot plug-in, the differences in volatile compounds between different processed samples can be compared qualitatively and quantitatively. Each row in the figure contains the volatile compounds contained in the samples, and each column corresponds to the same volatile compound between different samples. The color depth reflects the volatile compound content, and the brighter color represents higher content. The fingerprints may reveal the complete VCs information of each sample as well as VCs differences (Figure 3). In dried asparagus products, the major volatile compounds include ethanol, ethanol-monomer, ethyl acetate-monomer, acetone, ethyl acetate-dimer, 2-octanone, methylpyrazine, Limonene, tetramethylpyrazine, (E,Z)-2,6-nonadienal, valeraldehyde, acetic acid-dimer, acetic acid-monomer, and cyclohexanone (Figure 3). Although the content of the main volatile components of the processed samples by various drying processes is different, their components are retained. The content of some volatile compounds in the samples processed by hot-air drying is higher than natural drying. Ethyl acetate- monomer, ethyl acetate-dimer, isoamyl acetate, 2-octanone, methylpyrazine, (trans, cis)-2,6-nonadienal, isovaleric acid-monomer during hot-air drying, valeraldehyde, benzaldehyde, and cyclohexanone have higher content.
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FIGURE 3. The Gallery Plot (fingerprint spectrum) of asparagus root samples with different drying methods.




Quality Differentiation of Asparagus Treated Roots With Different Drying Methods

Principal component analysis is a multivariate statistical method for analyzing the relationship between numerous variables (41). It may be used as a strong visualization tool, as well as a way to reduce data dimensionality and eliminate extraneous data (42, 43). PCA was performed on all samples using natural and alternative drying methods to understand the differences between the samples better. The samples were analyzed using PCA to get a rough idea of how their volatile makeup differed. The first two principal components explained about 90% of the variance between samples when the PCA was applied to the data represented in Table 2. Principal component 1 (PC1) accounted for 71.51% of the variance between the sample batches. Principal component 2 (PC2) was less significant, accounting for just 18.49% of the variation in the samples (Figure 4).


TABLE 2. The difference analysis of the relative intensity of each odor index of asparagus treated roots with different drying methods.
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FIGURE 4. The analysis of principal component scores of different drying methods for the quality of asparagus samples.




Comparison of the Asparagus Root Color With Different Drying Methods

The appearance of the dried asparagus roots varies depending on the drying processes. The color analysis characteristics indicating the L*, a*, b*, and ΔE values are mentioned in Table 3. The asparagus roots samples that underwent more drying processes were shrunken. However, the asparagus roots applied by the vacuum freeze-drying were white and with almost no shrinkage. The vacuum freeze-drying approach could balance the shape or structure of fresh asparagus root samples. Compared to fresh samples, the higher ΔE values were monitored in the VFD (both varieties). The lowest value of ΔE was observed in the natural drying (ND) process in both varieties. The highest L* values were observed in the VFD process compared to ND, HD, and BD processes (Table 3).


TABLE 3. Color analysis of asparagus treated with different drying methods.
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Impact of Various Drying Processes on the Microstructure of Asparagus Dried Samples

The influence of various drying processes on the morphological structure of fresh and dried asparagus roots was observed. It can be seen from Figure 5 that the cell structure of asparagus after drying and processing has changed dramatically as compared to the fresh sample. Fresh tissues of asparagus have tight epidermal cell structures, mostly rectangular, round, round-like, and rectangular-like, containing a large amount of mucus and water. After drying the mucus, the endothelial layer is prominent, and multiple layers of cells are superimposed. Due to the disappearance of the cell mass, the cell tissues change. Because of the different drying methods, the mucus quality and water distribution in the asparagus cells are other, and the binding force between the mucus quality and water changes, which leads to changes in the asparagus cell structure. Compared with fresh samples, the inside of the cell structure of the hot-air-dried (BD) and heat-pump-dried (HD) samples shrinks. After the mucus and water evaporate, a small part of the voids can be seen inside. The HD sample has more voids than the BD, but the structure remains tight.
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FIGURE 5. Ultrastructural changes of asparagus-dried products under different drying methods.





DISCUSSION

A few additional value-adding processing approaches explored the health benefits of asparagus to increase its utilization and benefits to producers and consumers. Similar to other vegetables, asparagus changes color, chemical composition, and morphological texture as it dries (3, 15). When vegetables are dried with hot air, they usually shrink significantly and form dense structures (3). Moreover, the drying process affects enzymatic activities, sensory properties, and microbial growth (19). Food drying usually changes sensory as well as physico-chemical and nutritional qualities. It is important to utilize a suitable drying approach for each product and choose the right circumstances to minimize potential variations (44).

The visual appearance of dried food products plays a vital role in the first judgment made by the consumers, so maintaining the natural color is necessary. Browning processes, which enzymatic and non-enzymatic activities can generate, are the most common cause of color differences during drying (45). Long-duration drying and high temperatures cause color degradation of the original product. The variations in color seen under various drying conditions have already been established for various plant cultivars, such as pomegranate (30), soya (31), Piper borbonense (32), sour cherries (33), blueberry (28), black mulberry (27), and chokeberry (34).

Various parameters, including raw material, temperature, and process length, influence the stability of antioxidant compounds. During the drying process, the antioxidants are generally maintained. Furthermore, during the initial stage, there is a significant reduction of water, but the high vapor pressure produced by the evaporation of moisture reduces the partial pressure associated with the product and prevents the phenolic contents from oxidizing (46–48). To select the suitable drying process that results in high-quality dried products, it is essential to understand the retention of efficiency in antioxidants for each drying process (44). Conventionally, commercial asparagus powder is prepared by air-drying small bits of the asparagus spear and then crushing it (3, 49).

On the other hand, the drying process alters the volatile properties of asparagus powder. Some aromatic asparagus molecules get degraded during the procedure, while others, such as sulfur-containing molecules like dimethyl sulfide, might be generated during the drying process (50, 51). To minimize aroma depletion during storage, the production of such important volatiles should be controlled during the dehydration of asparagus plant samples (52–54). Advanced drying processes must be developed to acquire asparagus samples with stronger flavor characteristics. The selection of the drying process and the management of the drying process are among these approaches.

Based on the differences between asparagus root powder volatile properties, it is possible to infer that each drying process affects the composition of volatiles in various ways. Supposedly, the effects of drying on the volatile properties in root powders differ according to different major factors. The first factor was vapor pressure, which was enhanced by high vacuum in freeze-drying and by heat and air exchange during forced circulation of air over-drying; the second factor was VCs solubility in asparagus lipids and/or residual water, which is probably the major factor contributing to volatiles retention (3, 15, 24, 55). When identifying the relative contents of volatiles compounds, care should be taken through ion mobility spectrometry. In addition to the original contents of compounds in the sample, various factors could affect the peak areas of compounds. The highest peak area of a given volatile compound using HS-GC-IMS potentially indicates high content in the sample. Furthermore, drying circumstances, such as inlet temperature and volatility, impact spray drying retention. Increasing inlet temperature can improve flavor retention by reducing the consistent time duration (56, 57). As a result, carrier selection and drying processes affect the volatile compounds of spray-dried materials similar to King (58) and Feng et al. (41).

The odors originally contained in the asparagus, as well as the aromas produced through processing, may have a more significant impact on the overall flavor and taste of the product (59). Significant amounts of volatile chemicals are lost during the drying process. Few authors have stated that convective hot air drying and microwave drying experienced the maximum loss in VCs (21, 36, 60). The influence of dehydration on the volatile compounds in various food materials, such as oyster mushrooms, shitake mushrooms, and chanterelle mushrooms, claiming that different drying techniques severely reduced the total concentration of volatiles (38, 39, 61). The studies demonstrate that, compared to traditional or modern procedures performed as a specific treatment, a combination of approaches prefer to maintain a significant quantity of volatile properties, increasing the efficiency of some dried food materials and decreasing processing costs (62, 63).



CONCLUSION

The food industries reinforce the investigation of key attributes and processing processes. Nowadays, producers have developed alternative and richer, fully prepared food materials with extended longer storage, and desiccated products fulfill all requirements. Furthermore, their operational and qualitative features should be as close to fresh plant materials as possible. In this aspect, the dryness of agricultural goods appears to be crucial in ensuring physical, chemical, and sensory qualities of the final products. Current research on the evaporation of agricultural goods using the heat-pump drying method has revealed that combination drying is the more effective approach for ensuring good quality while utilizing the least amount of energy. However, further research is needed to incorporate the kinds of treatments required to increase the texture, volatile properties, health-promoting characteristics, and attractive, sensory properties of novel drying procedures and their combination. However, each drying approach could be more suitable for various products depending on the targeted compounds. This could offer better opportunities for pharmaceutical and agro-industries in terms of product preservation and development. Afterward, the effects of different drying processes on the VCs of asparagus roots could be further analyzed based on factors, such as sensory evaluation, process differences, and varieties.
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