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Abstract
Drying treatments are an effective method for preserving original beneficial ingredients of postharvest plants. This work 
supplied the suitable drying conditions of three drying methods by investigating the changes of lotus leaves’ quality and 
antioxidant activity. The results indicated that: (1) Oven drying (55–65 °C) was the most appropriate way to keep the higher 
contents of alkaloids and amino acids, and the higher activities in DPPH radical scavenging and hydroxyl radical scaveng-
ing in lotus leaf treated with three drying methods; (2) Steam kill-enzyme torrefaction (3–5 min) was the most appropriate 
method for keeping the higher contents of flavone and the higher activities of superoxide radical scavenging in lotus leaf 
treated with three drying methods; (3) Microwave drying (680–850 W) was the most appropriate means to keep the higher 
contents of vitamin C, soluble sugar and protein in lotus leaf treated with three drying methods; (4) The color of lotus leaf 
treated with microwave treatments was more bright green than that treated with the other two methods; Therefore, the actual 
conditions of each drying means have to be taken into consideration when use the drying means.
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Introduction

Lotus (Nelumbo nucifera Gaertn.) is usually served as an 
economic ornamental, food, and pharmacy purposes, and 
generally grown in Eastern Asia, China, and India (Hu et al. 
2012; Kato et al. 2015). The cultivation and medicinal use of 
lotus were discovered in China 2000 years ago (Zhao et al. 
2013). Lotus leaves have been widely used as tonic medicine 
in Qin and Han dynasties. In November 1991, lotus leaves 
were included in the second batch of “Food and Drugs” list 
(Document No. 45 of the Health Supervision Bureau of the 
Ministry of Health of the People’s Republic of China).

Tea is brewed with a portion of the organs of medicinal 
plants, which has been popular in the world for thousands 
of years (Mukhtar and Ahmad 2000). Lotus leaves are rich 

in many active and nutritional ingredients, such as flavone, 
amino acids, vitamin C and so on (Huang and Zhang 2008). 
Additionally, many pharmacological and physiological 
activities have been confirmed in lotus leaf tea, such as anti-
obesity, anti-oxidant, antiviral, anti-hypertensive, and so on 
(Ono et al. 2006; Liao and Lin 2013; Kato et al. 2015). The 
lotus leaf resources are abundant, and the price is low (Jin 
et al. 2016). Therefore, the lotus leaf tea has a broad devel-
opment prospect. Currently, there are not many beverages 
related to lotus leaf on the market, and the processing meth-
ods reported and the product qualities obtained are different 
(Hao et al. 2012). Therefore, this article systematically stud-
ied the different processing techniques of lotus leaf tea and 
optimized the technical parameters of each process, which 
were able to enhance active and nutritional ingredients of 
lotus leaf tea.

Drying can be used to quickly protect the medicinal 
qualities of the medicinal plants in a simple manner, which 
is considered the most common and basic step needed for 
postharvest plants (Zhang et al. 2015; Yuan et al. 2015). It 
can be seen from former work, most researches on drying 
methods have been mainly conducted on medicinal plants, 
fruits, and vegetables. The aims of this study were to probe 
the changing rules of qualities and antioxidant activities of 

Communicated by P. Wojtaszek.

 *	 Jianzhou Chu 
	 cjz01me@126.com

 *	 Xiaoqin Yao 
	 yaoxiao301@126.com

1	 The College of Life Sciences, Hebei University, 
Baoding 071002, China

http://orcid.org/0000-0001-8915-5903
http://crossmark.crossref.org/dialog/?doi=10.1007/s11738-019-2992-9&domain=pdf


	 Acta Physiologiae Plantarum (2020) 42:14

1 3

14  Page 2 of 8

lotus leaf with three drying means and determine the most 
suitable drying method that simultaneously conserve the 
higher qualities and antioxidant activities in lotus leaves. 
Based on these, the results of this study will be helpful to 
develop lotus leaf tea as a healthy beverage.

Materials and methods

Equipment

Ultralow temperature refrigerated centrifuge (Thermo, 
Germany), Electronic balance (Sartorius, China), UV spec-
trophotometer (Unico, China), Electric blast drying oven 
(Teste, China), Microwave oven (Galanz, China), water-
bath (Shengweili, China) and Ultrasonic cleaner (Kangjie, 
China).

Plant material and experimental design

Plant material

Lotus leaves were collected from Bai-yang Lake, Hebei 
province, China (38° 43′–39° 02′ N; 115° 38′-116° 07′ E), 
during September 2018. The lotus leaves were treated with 
three drying means.

Drying methods

(1) Oven drying was conducted in an electric blast dry-
ing oven at three different temperatures (55 °C, 65 °C, and 
75 °C). Dry time was about 24 h; (2) Steam kill-enzyme tor-
refaction was carried out in a pot filled with boiling water in 
three different kill-enzyme times of 1 (Z1), 3 (Z2) and 5 min 
(Z3). The samples after kill-enzyme torrefaction were dried 
in electric blast drying oven at 65 °C. Drying time was about 
24 h; and (3) Microwave drying was conducted in a micro-
wave oven in three different power levels of 50% (450 W1), 
80% (650 W2) and 100% (850 W3). Drying time was about 
24 min, 6 min, and 3 min at W1, W2 and W3 treatments, 
separately. The eventual water contents were approximately 
15 ± 0.73% dry basis in each of drying methods (Jafari et al. 
2016).

After the above processes, the samples were ground into 
a powder and conserved in polyethylene bags.

Measurement methods

Flavone and alkaloids content

Flavone content was determined according to the method 
described by He and Liu (2007). Sample (0.2  g) was 
extracted with ethanol solution (20 mL, 50%) in an ultrasonic 

bath. The reaction mixture involved extract solution (5 mL), 
AlCl3 (8 mL, 1.5%), acetic acid-sodium acetate (4 mL). The 
absorption values were measured at 420 nm.

Alkaloids content was determined according to the 
method described by Wang et al. (2005). Sample (0.2 g) 
was extracted with trichloromethane solution (5 mL) and 
ammonium hydroxide (1 mL). The reaction mixture con-
tained extract solution (2 mL), trichloromethane solution 
(8 mL), citric acid-sodium citrate (10 mL) and bromothymol 
blue (1 mL). The absorption values were detected at 416 nm.

Soluble sugar, free amino acids, vitamin C and protein 
content

Soluble sugar was measured according to the method 
described by Machado et al. (2013). Sample (0.2 g) was 
extracted with distilled water (5 mL). The reaction mix-
ture included supernatant (1 mL), distilled water (1 mL), 
and anthrone-H2SO4 (5 mL). The absorption values were 
detected at 625 nm.

Free amino acids content was measured with minor 
modification according to the method described by Li et al. 
(2004). Sample (0.2 g) was extracted with acetic acid solu-
tion (8 mL, 10%). The reaction mixture was mixed with 
supernatant (2 mL), and ninhydrin (3 mL), ascorbic acid 
(0.1 mL). The absorption values were detected at 570 nm.

Vitamin C was determined according to State Standard of 
the People’s Republic of China (1990) (GB 12392-90). Sam-
ple (0.2 g) was extracted with oxalic acid solution (10 mL, 
1%) and filtered with active carbon (0.2 g). The reaction 
mixture was mixed with supernatant (5 mL), thiourea solu-
tion (5 mL, 2%), 2, 4-dinitrophenylhydrazine solution (1 mL, 
2%) and were cultivated in the water bath (37 °C) for 3 h. 
The absorption values were detected at 500 nm.

Protein content was measured according to the Coomas-
sie brilliant blue staining created by Bradford (1976). 
Sample (0.2 g) was extracted with 5 mL phosphate buffer 
(50 mmol L−1) involving EDTA (1 mmol L−1), 2% (W/V) 
polyvinyl pyrrolidone. The reaction mixture involved extract 
solution (0.1 mL) and Coomassie brilliant blue (5 mL). The 
absorption values were detected at 595 nm.

Determination of antioxidant capacity

The DPPH free radical scavenging activity was measured 
according to the previously described method (Mohsen and 
Ammar 2009). Sample extract solution (2 mL) was mixed 
with DPPH solution (2 mL, 0.04 mg mL−1, prepared in 100% 
ethanol) for 0.5 h. The absorption values were detected at 
517 nm, and the calculation formula as follows:

Scavenging activity (%) = (A0 − A1 + A2)/A0 × 100%
A0 is the absorption value of the control (the ethanol 

replaced the sample solution); A1 is the absorption value of 



Acta Physiologiae Plantarum (2020) 42:14	

1 3

Page 3 of 8  14

the sample; A2 is the absorption value of the sample under 
similar conditions as A1 with the ethanol replaced the DPPH 
solution.

The superoxide radical scavenging activity was assayed 
using the modified pyrogallol autoxidation method (Chen 
et al. 2012). Sample extract solution (1 mL) was mixed 
with Tris–HCl (4 mL, 0.05 mol L−1, pH 8.2) and pyrogallol 
(1 mL, 0.2 mmol L−1) in a water bath (25 °C) for 5 min. The 
reaction was stopped immediately with two drops of concen-
trated HCl. The absorption values were detected at 325 nm, 
and the calculation formula was as follows:

Scavenging activity (%) = (A0 − A1)/A0 × 100%
A0 is the absorption value of the control; A1 is the absorp-

tion value of the sample.
The hydroxyl radical scavenging activity was measured 

according to the improved phenanthroline method (You et al. 
2011). The mixtures were mixed with 1, 10-phenanthroline 
(1 mL, 0.75 mmol), phosphate buffer (2 mL, 0.2 mol L−1, 
pH 7.4), sample extract solution (1 mL), FeSO4 (1 mL, 
0.75 mM) and H2O2 (1 mL, 0.01%) in a water bath (37 °C) 
for 1 h. The absorption values were detected at 536 nm, and 
the calculation formula was as follows:

Scavenging activity (%) = (A0 − A1)/(A2 − A1) × 100%
A0 is the absorption value of the sample; A1 is the absorp-

tion value of the control (the water replaced the sample); A2 
is the absorption value of the solvent.

Statistical analysis

Data were the mean ± standard error. Differences among 
treatments were analyzed using one-way analysis of variance 
with Duncan’s test (p < 005). All analyses were performed 
by SPSS (version 13.0).

Results and discussion

The effects of drying methods on flavone 
and alkaloids in lotus leaf

Flavone has various biological and medicinal properties, 
for example, anti-inflammatory, anti-cancer (Manthey et al. 
2001) and anti-obesity agent (Kim et al. 2010). The experi-
mental study showed that flavone content in lotus leaf was 
obviously raised as the enhance of stem kill-enzyme time 
(Fig. 1). The results were similar to Shi et al. (2017). In oven 
drying, flavone content rose first and then reduced as the 
enhance of the oven temperature. In the three drying meth-
ods, the lotus leaf processed with 5 min steam kill-enzyme 
exhibited the highest flavonoid content (2.537 mg g−1 DW), 
followed by the lotus leaf treated with the higher micro-
wave power (2.337 mg g−1 DW) and lotus leaf dried by oven 
(65 °C) (1.836 mg g−1 DW).

Many studies have shown that the lotus leaf has a sig-
nificant lipid-regulating effect, and its active site is mainly 
alkaloids (Du et al. 2000). In the current research, alkaloids 
content significantly increased as the enhance of microwave 
power (Fig. 2). Similar results have appeared in previous 
research (Zhang et al. 2011). In oven drying, alkaloids con-
tent in lotus leaf dropped first and rose subsequently as the 
enhance of oven temperature, and achieved a maximum 
content when oven temperature was 75 °C. However, the 
alkaloids content in lotus leaf significantly reduced with the 
enhance of the steam kill-enzyme time. Oven drying was 
beneficial to preserving the content of alkaloids in lotus 
leaves among the three drying methods.
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Fig. 1   The flavone content with three drying methods in lotus leaves. 
Oven drying (H1, 55 °C; H2, 65 °C; H3, 75 °C), steam kill-enzyme 
torrefaction (Z1, 1 min; Z2, 3 min; Z3, 5 min) and microwave drying 
(W1, 450 W; W2, 650 W; W3, 850 W). The bars with different letters 
are obviously different from each other at the same drying method 
(p < 0.05). Values are means of four replicates ± SE
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Fig. 2   The alkaloids content with three drying methods in lotus 
leaves. Oven drying (H1, 55 °C; H2, 65 °C; H3, 75 °C), steam kill-
enzyme torrefaction (Z1, 1  min; Z2, 3  min; Z3, 5  min) and micro-
wave drying (W1, 450 W; W2, 650 W; W3, 850 W). The bars with 
different letters are obviously different from each other at the same 
drying method (p < 0.05). Values are means of four replicates ± SE
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The effects of drying methods on the contents 
of soluble sugar, amino acids, vitamin C and protein 
in lotus leaf

In recent years, bio-polysaccharides have been proven to be 
anti-tumor, anti-viral, anti-aging, enhancing immunity, and 
hematopoietic properties (Khaskheli et al. 2015; Hammi 
et al. 2016). At the same time, water-soluble sugar cannot 
only taste sweet alcohol in the tea field but also can produce 
some aroma substances and colored substances through 
Maillard reaction and caramelization in the process, which 
affected the tea quality. Dehnad et al. (2016) certified that 
the drying method has a significant effect on the polysac-
charide content. Figure 3 indicated that the soluble sugar 
content in lotus leaf was affected by the actual conditions 
of each drying method. In the three drying means, higher 
microwave power (650–850 W) was beneficial for preserv-
ing soluble sugar content (1.550 and 1.630 mg g−1 DW) in 
lotus leaves, followed by lotus leaf treated by steam kill-
enzyme (1.450 mg g−1 DW) and lotus leaf dried by oven 
(65–75 °C) (1.253 and 1.258 mg g−1 DW).

Free amino acids are a crucial biologically active com-
pound that has been shown specific functions in maintain-
ing metabolism, growth, reproduction, and immune function 
(Cylwik et al. 2005; Morris et al. 2005; Mateo et al. 2007). 
Both the drying methods and the actual drying conditions 
will affect the content of free amino acids in the lotus leaf 
(Fig. 4). The present study showed amino acids in lotus 
leaf was obviously dropped while the enhance of the oven 
temperature (55–75 °C) and achieved a maximum content 
(1019 μg g−1 DW) while oven temperature was 55 °C. How-
ever, amino acids in lotus leaf increased firstly and then 
declined while the enhance of steam kill-enzyme time and 
microwave power, and achieved the maximum content (596 

and 144 μg g−1 DW) as the steam kill-enzyme torrefaction 
and microwave drying was 3 min and 650 W, separately. 
The research showed that the decomposition of amino acids 
might be caused by the higher microwave power, the higher 
oven temperature, and the longer kill-enzyme time. In the 
three drying methods, oven drying was beneficial to pre-
serving the amino acid content in lotus leaves. Therefore, 
the actual conditions of each processing methods should be 
considered.

In humans, there are many important biosynthetic pro-
cesses need vitamin C to take part, for example, to reduce 
the oxidative stress of ascorbate peroxidase substrates. 
Yang and He (2009) put forward that microwave-dried red 
dates had the highest vitamin C content, which was higher 
than that of natural drying and electrothermic drying. Lv 
et al. (2011) also reported that microwave drying could not 
only effectively shorten the drying time and increase the 
drying rate, but also could greatly improve the preserva-
tion rate of vitamin C in dry hawthorn slices compared 
with the traditional natural drying and hot air drying. In 
the current research, vitamin C in lotus leaf increased first 
and then reduced while the enhance of microwave power, 
and achieved the maximum content (22.344 mg g−1 DW) 
when the microwave power was 650 W (Fig. 5). Vitamin C 
content in lotus leaf significantly rose while the enhance of 
the steam kill-enzyme time. But, vitamin C content dropped 
first and rose subsequently with the increased of the oven 
temperature. Microwave drying was beneficial to preserv-
ing the content of vitamin C in lotus leaves among the three 
drying methods.

Protein is the material basis of life and the main under-
taker of life activity. Wang et al. (2008) reported that the pro-
tein content of alfalfa hay could be reserved better with the 
high-temperature drying Wang et al. (2010). also reported 
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Fig. 3   The soluble sugar content with three drying methods in lotus 
leaves. Oven drying (H1, 55 °C; H2, 65 °C; H3, 75 °C), steam kill-
enzyme torrefaction (Z1, 1  min; Z2, 3  min; Z3, 5  min) and micro-
wave drying (W1, 450 W; W2, 650 W; W3, 850 W). The bars with 
different letters are obviously different from each other at the same 
drying method (p < 0.05). Values are means of four replicates ± SE
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Fig. 4   The amino acids content with three drying methods in lotus 
leaves. Oven drying (H1, 55 °C; H2, 65 °C; H3, 75 °C), steam kill-
enzyme torrefaction (Z1, 1  min; Z2, 3  min; Z3, 5  min) and micro-
wave drying (W1, 450 W; W2, 650 W; W3, 850 W). The bars with 
different letters are obviously different from each other at the same 
drying method (p < 0.05). Values are means of four replicates ± SE
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that microwave-treated lotus leaves are more conducive to 
preserve protein content than traditional drying method. 
The study further showed that protein content in lotus leaf 
was also affected by microwave power. In the experimen-
tal condition, lotus leaf treated by 850 W microwave had 
the highest protein content (24.461 mg g−1DW), followed 
by lotus leaf treated by the oven (55 °C) (22.645 mg g−1 
DW) and lotus leaf processed with 3 min steam kill-enzyme 
(21.720 mg g−1 DW) (Fig. 6).

The effects of drying methods on the antioxidant 
activity in lotus leaf

Scientific researches have shown that cancer, aging, or 
other diseases were mostly related to the excess production 

of free radicals. So, antioxidant activity is listed as one of 
the main research directions by food, health care prod-
ucts, and cosmetics companies. DPPH was mainly used 
in the detection of vitro antioxidant activity of antioxi-
dant substances (Kurd and Samavatib 2015). Superox-
ide radical could disrupt human functions (Seedevi et al. 
2017). Hydroxyl radical was one of the reactive oxygen 
species that could kill red blood cells, degrade DNA, and 
cell membranes (Bagchi and Kumar 2016). Zhang et al. 
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Fig. 5   The vitamin C content with three drying methods in lotus 
leaves. Oven drying (H1, 55 °C; H2, 65 °C; H3, 75 °C), steam kill-
enzyme torrefaction (Z1, 1  min; Z2, 3  min; Z3, 5  min) and micro-
wave drying (W1, 450 W; W2, 650 W; W3, 850 W). The bars with 
different letters are obviously different from each other at the same 
drying method (p < 0.05). Values are means of four replicates ± SE
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Fig. 6   The protein content with three drying methods in lotus leaves. 
Oven drying (H1, 55 °C; H2, 65 °C; H3, 75 °C), steam kill-enzyme 
torrefaction (Z1, 1 min; Z2, 3 min; Z3, 5 min) and microwave drying 
(W1, 450 W; W2, 650 W; W3, 850 W). The bars with different letters 
are obviously different from each other at the same drying method 
(p < 0.05). Values are means of four replicates ± SE
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lotus leaves (a DPPH radical scavenging activity; b superoxide radi-
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drying (H1, 55  °C; H2, 65  °C; H3, 75  °C), steam kill-enzyme tor-
refaction (Z1, 1  min; Z2, 3  min; Z3, 5  min) and microwave drying 
(W1, 450 W; W2, 650 W; W3, 850 W). The bars with different letters 
are obviously different from each other at the same drying method 
(p < 0.05). Values are means of four replicates ± SE



	 Acta Physiologiae Plantarum (2020) 42:14

1 3

14  Page 6 of 8

(2017) reported that the lotus plumule could be served 
as natural antioxidants in functional foods because it was 
an extremely high antioxidant activity. Jin et al. (2016) 
also reported that lotus leaf tea has been popular in China, 
which is a wholesome drink, especially for antioxidant 
function.

The DPPH radical scavenging activity in lotus leaf 
dropped first and rose subsequently with the increase of the 
oven temperature and microwave power, and reached a peak 
value at H1 (55 °C) and W1 (450 W), respectively. How-
ever, the DPPH radical scavenging activity was obviously 
declined as the enhance of steam kill-enzyme time (Fig. 7a). 
Among the three drying methods, the lotus leaf processed 
with oven drying (55 ℃) showed the higher DPPH radi-
cal scavenging activity, followed by the lotus leaf processed 
with the lower microwave power (450 W), and the lotus leaf 
processed with 1 min steam kill-enzyme.

In Fig. 7b demonstrated that the superoxide radical scav-
enging activity in lotus leaf rose first and then declined as 
the enhance of the steam kill-enzyme time and microwave 
power. The superoxide radical scavenging activity in lotus 
leaf treated by the oven temperature (55 ℃) reached the peak 
value. In the three drying methods, lotus leaf dried by the 
3 min steam kill-enzyme exhibited the higher superoxide 
radical scavenging activity, while the lotus leaf treated by 
oven drying exhibited the lowest superoxide radical scaveng-
ing activity.

Figure. 7c indicated that the hydroxyl radical scavenging 
activity in lotus leaf significantly increased as the enhance 
of the steam kill-enzyme time and microwave power. How-
ever, the hydroxyl radical scavenging activity in lotus leaf 
rose first and then declined as the enhance of the oven tem-
perature. Among the three drying methods, the lotus leaf 

processed with oven temperature (65 ℃) and 5 min steam 
kill-enzyme drying both had the higher hydroxyl radi-
cal scavenging activity than that treated by the microwave 
drying.

The comprehensive analysis showed that the DPPH 
radical and the superoxide radical scavenging activity were 
the higher in lotus leaf treated with oven drying and steam 
kill-enzyme torrefaction, respectively. In addition, the lotus 
leaves treated by oven drying and steam kill-enzyme tor-
refaction both had the higher hydroxyl radical scavenging 
activity.

The color of lotus leaves in drying methods.

Color parameters, which was one of the important sensory 
properties of tea (Wu and Sun 2013). Jin et al. (2016) 
reported that there were many diverse colors in herbal 
teas. As is shown in Plate 1, the color of lotus leaf treated 
with microwave treatments were more bright green than 
that treated with the other two methods. The reason might 
be that microwave treatments could be better to keep the 
higher chlorophyll contents in the lotus leaf. Next, experi-
ments will be performed to prove the hypothesis and find 
the real reason.

Conclusion

Both the drying methods and the specific conditions of 
each processing methods will significantly affect the quali-
ties and antioxidant activities of lotus leaves. The experi-
mental study showed that: (1) Oven drying (55–65 ℃) was 

Plate 1   Drying treatment in 
lotus leaves (from the right 
to the left and from the top to 
the bottom: oven drying (H1, 
55 °C; H2, 65 °C; H3, 75 °C), 
steam kill-enzyme torrefac-
tion (Z1, 1 min; Z2, 3 min; Z3, 
5 min) and microwave drying 
(W1, 450 W; W2, 650 W; W3, 
850 W)
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beneficial to keeping the higher contents of alkaloids and 
amino acids, and the higher activities in DPPH radical 
scavenging and hydroxyl radical scavenging; (2) Steam 
kill-enzyme torrefaction (3–5 min) could gain the higher 
contents of flavone and the higher activities of superoxide 
radical scavenging; (3) The appropriate microwave power 
and microwave time were about 680–850 W and 3–6 min, 
separately, which could gain the higher contents of vitamin 
C, soluble sugar and protein. (4) The color of lotus leaf 
treated with microwave treatments was more bright green 
than that treated with the other two methods. Therefore, 
the actual conditions of each processing methods should 
be considered when the drying method was selected. These 
results provided a theoretical basis for further research and 
improved the qualities of lotus leaf tea.
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