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Abstract
Bletilla striata tuber is widely used as healthy food and herbal medicine for its hemostasis, anti-ulcer,
promoting wound healing, antibacterial and anti-inflammatory and immune regulation functions. Drying
method will affect the qualities of B. striata tuber including appearance and more importantly the content
of bioactive components, which play decisive roles of the medical and tonic functions. To investigate the
effects of drying method on the qualities of B. striata tuber, samples were treated with five drying
methods containing hot-air drying (HD), infrared drying (ID), microwave drying (MD), vacuum drying (VD),
and freeze drying (FD) in this study. After drying, samples were evaluated for their appearances,
microstructures and the contents of bioactive components. Results showed that FD-dried samples kept
most of the appearances and microstructures of fresh B. striata tuber. Samples treated with other
methods were deformed and discolored to various degree. The contents of bioactive components
containing B. striata polysaccharides (BSP), phenols and militarine were disproportionately influenced by
different drying methods, which had been discussed in detail in the article. The research results will
provide useful suggestion for production, development and further research of B. striata.

1. Introduction
Bletilla striata (Thunb.) Reixchb.f., generally known as Baiji in China, belongs to Orchidaceae. Such plant
is used as ornamental plant in Europe and North America, as well as East Asia (Masuhara & Katsuya,
1989; Wiart, 2012; Xu, Chen, Aci, Pan, Shangguan, Ma, et al., 2018; Yamamoto, Miura, Fuji, Nagata, Otani,
Yagame, et al., 2017). As the tuber of B. striata has high edible and nutritional value, it was listed into
healthy diet by the Health Ministry of PRC (the Health Ministry of PRC, 2002). In addition, the dried tuber
of B. striata has been widely used as herbal medicine in East Asia for thousands of years(Chinese
Pharmacopoeia Commission, 2015; Park, Woo, Choi, Lee, & Lee, 2014), showing a wide range of
medicinal functions such as hemostasis (C. Zhang, Zeng, Liao, Fu, Luo, Yang, et al., 2017; Q. Zhang, Qi,
Wang, Xiao, Zhuang, Gu, et al., 2019), anti-ulcer (Liao, Zeng, Hu, Maffucci, & Qu, 2018; C. Zhang, Gao, Gan,
He, Chen, Liu, et al., 2019), promoting wound healing (C. Zhang, He, Chen, Shi, Qu, & Zhang, 2019; H.
Zhou, Jin, Gu, Chen, & Xia, 2019), antibacterial (Guo, Binling, Chen, Jin, Jiang, Ding, et al., 2016; S. Jiang,
Wan, Lou, Yi, Zhang, Zhou, et al., 2019), anti-inflammatory (Yue, Wang, Wang, Du, Shen, Tang, et al., 2016;
D. Zhou, Chang, Liu, Chen, Yang, Hao, et al., 2020; Zu, Liu, Tian, Jin, Jiang, Li, et al., 2019) and immune
regulation (Y. Wang, Han, Li, Cui, Ma, Qi, et al., 2019).

The chemical components of B. striata tuber play decisive roles of the medical and tonic functions. To
date, more than 150 components have been isolated, including B. striata polysaccharides (BSP),
bibenzyls, phenanthrenes, triterpenoids, steroids and saponins (Xirui He, Wang, Fang, Zhao, Huang, Guo,
et al., 2016; Xu, Pan, & Chen, 2019). BSP accounts for 20–40% of the dry weight of B. striata tuber, often
used as one of the quality evaluation indexes of B. striata (Y. Zhang, Sun, He, Wang, Wang, Yuan, et al.,
2018). Polyphenols are another kind of important active ingredients of B. striata, including bibenzyls,
phenanthrenes, militarine, etc (X. Wang & Lou, 2004; Y. Zhang, et al., 2018). The militarine content is high
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among them, and it can be detected by HPLC or UPLC as an indicator component of B. striata quality
evaluation (Xun He, Wang, Li, Wang, & Zhou, 2009; A. Wang, Yan, Lan, Liao, Wang, & Li, 2014).

After harvesting, fresh B. striata tuber is always cut into pieces and dried for storing and using. Therefore,
drying methods is the crucial factor affecting the quality of B. striata tuber, in addition to the planting and
harvesting process. As an important part of herbal medicine processing, drying methods not only directly
affects the appearance of the medicine, but also affects its components. In this study, B. striata tubers
were treated by hot-air drying (HD), infrared drying (ID), microwave drying (MD), vacuum drying (VD) and
freeze drying (FD). The effects of different drying methods on the appearance, microstructure and
bioactive components of B. striata tuber were evaluated to provide a scientific basis for the production
and processing of B. striata tuber.

2. Materials And Methods

2.1. Samples and Reagents
Fresh B. striata tubers used in this study were collected from Jiangshan, Zhejiang province, China in
October 2017, and identified by Professor Qingsong Shao, Department of Traditional Chinese medicine,
Zhejiang A&F University. All the reagents were commercially available and used directly without further
purifcation.

2.2. Drying experiments
The tubers of B. striata were washed and cut into 5 mm thick slices, and immediately dried using one of
the following five drying methods. Hot-air drying (HD) was conducted in an electric thermostatic drying
oven (DGG-9070A, Shanghai Senxin Experimental Instrument Factory Co., Ltd., China) at 60 ± 2℃ with
maximum air speed. Infrared drying (ID) was carried out in an infrared drying oven (404-1, Shanghai
Experimental Instrument Factory Co., Ltd., China) under the power of 1500W. Microwave drying (MD) was
performed in a microwave oven (G70F20CN1L-DG, Galanz, China) at 350W. Vacuum drying (VD) was
conducted in a vacuum drying oven (DZF-6020, Jinghong, China) at the vacuum degree of 0.1 MPa and
temperature of 60°C. For the freeze drying (FD) method, the tuber slices were previously frozen in a − 
80℃ refrigerator for 24 h and then dried in a freeze dryer (GAMMA1-16LSC, GHRIST, Germany) at − 85°C
and 45 Pa. Drying lasted and the samples were weighed repeatedly until obtaining a constant weight.
After drying, the tubers slices treated with different drying methods were ground into powder, passed
through a 50-mesh sieve, and stored hermetically.

2.3 Color measurements
Dried tubers of B. striata were ground into powder and measured using a colorimeter (CR-10 Plus,
KonicaMinolt, Japan) to obtain Hunter’s color values. The Hunter’s color values L*, a*, b*, and ΔE*
indicate lightness coefficient, redness coefficient, yellowness coefficient and relative color difference
index, respectively (Jin, Bu, Li, Zheng, Song, & Li, 2017; Liu, Zhang, Ji, Zhang, Hong, & Gao, 2012). Values
were tested from three parallel samples with the blank plate of the instrument as comparison.
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2.4 Scanning electronic microscope (SEM) observation
The dried samples were fixed on a metal sample table. After spraying with a layer of gold by ion
sputtering under vacuum condition, the samples were observed and recorded using a scanning electron
microscope (TM3030, Hitachi, Japan).

2.5 Determination of bioactive component contents
B. striata polysaccharides (BSP) contents of dried tuber samples were determined by anthrone-sulfuric
acid method using glucose as the standard. The absorbances of sample solutions were measured on an
enzyme-labeled instrument (Epoch2, BioTek, USA) at 625 nm to calculate the BSP content (A. Wang,
Wang, Zheng, & Li, 2009).

The total phenol contents of samples were tested by Folin-Ciocalteu method and the absorbances were
measured on the enzyme-labeled instrument at 760 nm with gallic acid as the standard.

The militarine content was determined by HPLC (e2695, Waters, USA) using militarine as the standard
(Xun He, Wang, Li, Wang, & Zhou, 2009; Tang, Zhang, Wen, Yang, Tian, & Liu, 2014).

2.6 Statistical analysis
Excel 2010 was used to summarize the data and calculate the average value of parallel experiment. The
data were subjected to ANOVA analysis, Duncan multiple comparison and LSD method for significant
analysis using SPSS 24.0 (Statistical Product and Service Solutions).

3. Results

3.1 Appearance of dried tuber
The photographs of dried B. striata tubers slices with five drying methods are displayed in Fig. 1 (a–e).
FD treated samples looked close to fresh B. striata tuber. The surface is white and smooth without cracks,
the shape remains intact, and the texture is soft. Samples dried by HD, ID, MD and VD methods were
hardened and darkened with curled surface and shrunken volume in varying degrees. Amongst them, MD
method displayed deepest appearance with fragrance. Although the color of VD treated samples changed
slightly, there was severe deformation of shape and size.

ID: Infrared drying; MD: Microwave drying; VD: Vacuum drying; FD: Freeze drying.

Hunter’s color values were measured to objectively evaluate the color changes of samples dried in
different ways. The lightness coefficient (L*), redness coefficient (a*) and yellowness coefficient (b*) of
the samples are showed in Table 1. Different drying ways caused different color values. Amongst five
groups, samples dried with FD displayed the highest L* value, while a* value and b* value were relatively
lower than others. On the contrary, MD treated samples had the lowest L* value and the highest a* and b*
values. ΔE* value is widely used to indicate color changes during food processing (Meng, Fan, Li, &
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Zhang, 2018). It is considered that ΔE* = 2 is the threshold for visual discrimination. When ΔE* is in the
range of 0 ~ 2, the color difference can hardly be distinguished by naked eye, and if ΔE* > 2, the color
difference is clearly visible (L. Zhou, Wang, Hu, Wu, & Liao, 2009). It’s found that FD treated sample
showed indistinguishable color changes with the ΔE* value of 0.53, while other drying methods caused
obvious color difference with ΔE* > 6. Therefore, comparing with other methods, FD kept most of the
appearance of fresh B. striata tuber, while HD, ID and VD are better than MD.

Table 1
Effect of drying methods on Hunter’s color values of Bletilla striata tuber slices

Drying method L* a* b* ΔE*

HD 65.90 ± 0.40 c 6.67 ± 0.06 d 13.70 ± 0.26 d 7.70 ± 0.23 b

ID 66.20 ± 0.36 c 7.17 ± 0.06 b 16.13 ± 0.12 b 7.77 ± 0.23 b

MD 63.53 ± 0.15 d 7.60 ± 0.00 a 16.73 ± 0.21 a 10.53 ± 0.21 a

VD 67.50 ± 0.17 b 6.83 ± 0.06 c 14.33 ± 0.21 c 6.20 ± 0.17 c

FD 73.70 ± 0.36 a 4.87 ± 0.12 e 13.83 ± 0.32 d 0.53 ± 0.47 d

HD: Hot-air drying; ID: Infrared drying; MD: Microwave drying; VD: Vacuum drying; FD: Freeze drying.
Values are the means ± SE of triplicate assays, n = 3. Data in columns with the different letters (a, b, c, d,
e) are significantly different P < 0.05.

3.2 Microstructure of the dried tuber
In order to study the changes of B. striata tuber microstructure after treatment by five different drying
methods, dried samples were observed by scanning electron microscope (SEM) (Fig. 2). Comparing five
groups, it’s found that the microstructures of samples dried by HD, ID and MD were denser, while VD and
FD treated samples showed looser microstructures. Compared with VD, the microstructure of FD dried
sample has larger aperture and less collapse. Hence, FD is the optimal drying method for B. striata tubers
in terms of microstructure.

3.3 Bioactive component contents
As can be seen from Fig. 3, B. striata polysaccharides (BSP) contents of samples treated with different
drying methods were significantly different. The ID sample had the highest BSP content (26.03%),
followed by FD sample (23.43%). The BSP contents of HD and VD samples were 21.76% and 20.84%
respectively. Sample treated with MD had the lowest BSP content (18.42%).

The total phenolic contents of B. striata tuber samples treated with different drying methods were shown
in Fig. 4. VD sample had the highest total phenol content (1.26%). There was no significant difference of
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total phenol content between FD, MD, HD and ID treated samples, as the contents were 1.08%, 1.06%,
1.03% and 1.01%, respectively.

Figure 5 presents the results of the militarine content of B. striata tuber samples treated with different
drying methods. The militarine content in the FD treated sample was the highest (1.70%), followed by the
ID treated sample (1.61%). The militarine content of the HD, MD and VD treated samples were 1.47%,
1.47%, and 1.50%, respectively.

4. Discussion
The enzymatic browning reaction is the main reason for the color degradation or deepening of plant
sample after drying (Artnaseaw, Theerakulpisut, & Benjapiyaporn, 2010). Among the five groups of dried
samples, FD samples showed the highest L* value and the lowest a*, b* value, followed by VD samples.
This may be due to the fact that the enzymatic browning reaction was relatively weak in the condition of
low temperature and oxygen during FD process. And in HD, ID and MD processes, the samples were
exposed to high temperature and oxygen. Compared to the other four groups of dried samples, the MD
samples showed the lowest L* values and the highest a*, b* values, which may be due to the uniformity
of drying (N. Jiang, Liu, Li, Zhang, Liu, Wang, et al., 2017). Excessive local temperature is the most
common problem in MD, which often leads to hot spots (H. Jiang, Zhang, Mujumdar, & Lim, 2014).

Microstructural difference of samples may be caused by the removing process of moisture. During the FD
process, the ice crystals in the aperture sublimed directly to form a highly porous microstructure.
Therefore, the FD sample showed the lowest shrinkage rate. The porous microstructure of VD sample
may be caused by the expansion of the sample under vacuum (N. Jiang, et al., 2017). In the HD process,
the surface temperature of the sample was higher than the internal temperature. As the internal moisture
migrated to the surface, the inorganic salts dissolved in the water may precipitate out and harden the
surface. Rapid heating and local overheating of MD and ID resulted in cell damage, compact structure
and low porosity.

The influence of drying process on BSP content may generate by affecting the metabolism of
carbohydrates. The ID dried sample retained the highest BSP content, which may be because infrared
influenced the metabolic balance of carbohydrates and caused the accumulation of polysaccharide (Yan,
Wu, Qiao, Cai, & Ma, 2019). The BSP content of the FD sample was second only to ID sample, probably
because the low-temperature, low-oxygen and coagulation of water reduced the activity of enzyme
responsible for BSP decomposition (Busk & Lange, 2015). The BSP content of the MD sample is only
70.75% of the ID, which may be due to the excessive hot spots caused by MD leading and promoting the
decomposition of BSP (Meng, Fan, Li, & Zhang, 2018).

Phenols are unstable especially in long-time drying process (N. Jiang, et al., 2017; Routray, Orsat, &
Gariepy, 2014 ). The total phenolic content of VD sample was higher than those of other drying methods
which probably because the combination of vacuum and heated condition obviously shortened the
drying time. For FD sample, although it experienced a long-time drying process, low-temperature and low-
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oxygen could delay the oxidation of phenols. And the formation of ice crystals under low temperature
cause the rupture of plant cell, which might result in an increase of extraction ratio of total phenol (Asami,
Hong, Barrett, & Mitchell, 2003). Thus, the total phenolic content of FD samples was second only to VD. ID
sample has the lowest total phenolic content, possibly because the infrared heating is intense, rapid and
non-selective, leading to severe thermal degradation of phenolic compounds (Meng, Fan, Li, & Zhang,
2018).

Militarine is an important quality indicator of B. striata tuber. There has been research showing different
drying methods can significantly affect the militarine content of B. formosana, the kin of B. striata (Wu &
Lay, 2013). According to previous research, the militarine content of B. formosana flowers treated with FD
was higher than that of other drying methods. In this study, we got consistent result but for the B. striata
tubers, that is FD is more advantageous to the accumulation of militarine in B. striata tubers.

5. Conclusion
In summary, the present study demonstrated that drying methods (HD, ID, MD, VD, and FD) had noticeable
influences on the product quality of B. striata tubers. It was found that FD sample retain most characters
of fresh B. striata tubers including whole shape, loose texture, and light color. For samples treated with
other drying methods, there were obvious changes of appearance and microstructure which might be
caused by enzymatic browning reaction and different removing process moisture. The contents of
bioactive components of B. striata tubers were also in different level, possibly due to the metabolic
balance and chemical stability of these components. As a result, the BSP content of MD sample is the
highest, followed by FD; the total phenol content of VD sample is the highest, followed by FD; and the
militarine content of FD sample is the highest. On the whole, FD dried B. striata tubers was better in
appearance and microstructure, and had relatively high contents of BSP, total phenols and militarine.
Considering the cost of industrial production, we can select an appropriate drying method according to
the production purpose and the result of this study to manufacture dried B. striata tubers with high-
quality.
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Figures

Figure 1

Effects of drying methods on appearance of B. striata tuber. HD: Hot-air drying; 

Figure 2
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Scanning electron micrographs of B. striata tubers processed with different drying methods

Figure 3

Effects of different drying methods on BSP content of B. striata tubers.

Figure 4

Effects of different drying methods on total phenolic content of B. striata tubers.

Figure 5

Effects of different drying methods on militarine content of B. striata tubers.


