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Abstract
The aim was to investigate the effect of lily bulbs on the microecological characteristics of intestinal microbiota and enzyme 
activities in normal mice. Thirty SPF Kunming mice were randomly divided into the control group, Lilium lancifolium 
(LL) group and Lilium davidii var. unicolor (LDU) group. Mice of the latter two groups were given 0.15 g·mL−1 lily bulb 
solution, respectively, by gavage twice a day, while the control group was given the same volume of sterilized water. After 
49 days, intestinal contents and mucosa of all mice were collected and the characteristics of intestinal microbiota and enzyme 
activities were analyzed. Results showed that the number of Lactobacillus spp. and Bifidobacteria spp. in the LL group was 
significantly higher than that in the control group (t = 2.68 × 107, P = 0.000; t = 5.96 × 107; P = 0.000) and the LDU group 
(t = 6.12 × 107, P = 0.000; t = 2.71 × 107, P = 0.000), while the number of total bacteria was significantly lower (P = 0.040). 
Microbial activity in intestinal contents and mucosa of the LDU group (t = 0.43, P = 0.001; t = 0.69, P = 0.000) decreased, 
and microbial activity in intestinal mucosa of the LL group decreased significantly (t = 0.89, P = 0.000) but increased signifi-
cantly in intestinal contents of the LL group (t = 0.81, P = 0.000). The activities of amylase (t = 455.73, P = 0.000; t = 206.56, 
P = 0.000) and protease (t = 52.32, P = 0.000) increased but the activities of lactase (t = 443.51, P = 0.000; t = 15.71, P = 0.000) 
and sucrase (t = 5.82, P = 0.000; t = 366.82, P = 0.000) decreased significantly in contents from the LL group and LDU 
group. Except for the sucrase activity, enzyme activities in mucosa of the LL group were completely opposite to those in 
contents (t = 44.15, P = 0.000; t = 1.25, P = 0.007; t = 14.64, P = 0.011). In conclusion, dietary lily bulbs increased intestinal 
contents amylase activities and mucosa lactase activity significantly. Lily bulbs, especially Lilium lancifolium, can promote 
the growth of Lactobacillus spp. and Bifidobacteria spp., and inhibit the growth of total bacteria in the intestines of normal 
mice. Lilium lancifolium bulbs have the potential to be a functional food.
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Introduction

The intestinal tract is an important digestive organ and 
immune organ of the human body, in which intestinal diges-
tive enzymes and intestinal microbiota play a vital role. 
Intestinal microbiota, distributed in contents and intestinal 
mucosa, has a total of 1014 colony-forming units (CFU), 
weighing about 1.0–1.5 kg, and participates in the physi-
ological, pathological and toxicological process (Sekirov 

et al. 2010). Under physiological conditions, the microe-
cosystem is in dynamic balance (Gilbert et al. 2018). For 
example, in bacterial membrane barriers, Bifidobacteria spp. 
can inhibit colonization and growth of pathogenic bacteria 
by occupying and competing nutrients, thus maintaining 
human health. Lactobacillus can inhibit Enterohemorrhagic, 
Escherichia coli, Salmonella, Shigella and Vibrio cholerae 
by secreting rhodobactin (Spinler et al. 2008) . However, 
once this balance is destroyed, more diseases will occur, 
especially chronic diseases (Kalliomäki and Walker 2005) . 
Some studies have shown that the occurrence of basic gas-
trointestinal diseases and nervous system diseases is related 
to the imbalance of intestinal microecosystem (Han et al. 
2009; Kim et al. 2019).

Intestinal digestive enzymes reflect the digestive func-
tion of monogastric animals to a certain extent, and play an 
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important role in nutrient absorption and immunity. According 
to the sources, intestinal digestive enzymes can be divided 
into endogenous digestive enzymes and exogenous diges-
tive enzymes. The former is secreted by the small intestinal 
mucosa, such as amylase and lipase. Substances, such as plant 
polysaccharides, disaccharides, oligosaccharides and lignin, 
cannot be metabolized by the host, but are digested by diges-
tive enzymes released by the intestinal microbiota. After being 
decomposed by enzymes released by intestinal bacteria, these 
substances are metabolized into butyric acid and methane, 
amino acids, etc., which are also called intestinal microbial 
metabolites and further participate in the physiological and 
pathological processes. However, the contribution of intestinal 
bacteria and intestinal mucosal bacteria to digestive enzyme 
activity and immunity may be different. Bacteria in intestinal 
mucosa are closer to the host epithelium than contents. Long 
et al. found that the bacterial composition of the intestinal 
mucosa may be different from the intestinal contents (Long 
et al. 2018). Zeng et al. discovered mucosa microbiota may 
play a more important role in the occurrence and develop-
ment of gastrointestinal diseases (Zeng et al. 2019). Therefore, 
our study focuses not only on changes in enzyme activity in 
intestinal contents but also on the changes of enzyme activity 
in the intestinal mucosa.

Lily bulb is the earliest food that can be used as both food 
and medicine, with a potent ability to enhance immunity and 
antioxidation, anti-inflammatory, anti-depressant (Chang et al. 
2007; Pan et al. 2017; Hui et al. 2020), and is very popular 
in East Asia. It was reported that it contains starch, protein, 
amino acids and trace elements, and also contains active ingre-
dients such as polyphenols, flavonoids, alkaloids and saponins 
(Liu et al. 2019). The compounds in the lily bulbs may vary 
from region to region. We used two common varieties of lily 
in China—Lilium lancifolium and Lilium davidii var. Unicol 
(Fig. 1) in the study. There are few studies on the intestinal 
microbiota of lily bulb, but the conclusions are significant. 
Okazaki et al. found dextran sulfate sodium (DSS)-induced 
colitis in rats showed a lower fecal abundance of bifidobac-
teria, but it was recovered by lily bulbs intake (Okazaki et al. 
2016a, b). In another of his articles, eating lily can reduce the 
fecal Firmicutes/Bacteroidetes ratio, and thus resist obesity 
(Okazaki et al. 2016a, b).

In our research, we use two species of lily bulbs and inves-
tigate the effect of lily bulbs on the microecological of normal 
mice from three indicators: main intestinal bacteria communi-
ties, enzyme activity, and microbial activity.

Materials and methods

Animals and procedures

Thirty 4-week-old-specific pathogen-free (SPF) Kunming 
mice (All mice are male), weighting 20 ± 2 g, were purchased 
from Hunan Slaccas Jingda Laboratory Animal Co., Ltd 
(SCXK (Xiang) 2019-0004). All procedures involving animals 
were reviewed and approved by the Animal Ethics and Welfare 
Committee of Hunan University of Chinese Medicine, Ani-
mal license SCXK (Xiang) 2019-0009. Mice were reared in a 
stable environment (temperature 23–25 °C, relative humidity 
50–70%, 12 h light/dark cycles, free access to diet and water). 
According to Pharmacopoeia of the People’s Republic of 
China (2015), mice in Lilium lancifolium (LL) group and Lil-
ium davidii var. unicolor (LDU) group were given 0.15 g·mL−1 
lily bulb solution at a dose of 3 g·kg−1·day−1, respectively, by 
gavage, twice a day for 49 days, while the control group was 
given equal sterile water by gavage.

Reagents

Four point five grams ultrafine powders of LL and LDU 
(offered by Hunan Academy of TCM) was dissolved and 

Fig. 1   Main components of Lilium lancifolium (a) and Lilium davidii 
var. unicolor (b)
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in boiling water, respectively, to make the final concentra-
tion was 0.15 g·mL−1. Foline-phenol was purchased from 
Hefei Bomei Biotechnology Co., Ltd (Anhui China). DNS 
reagent, o-Nitrophenyl β-D-galactopyranoside (ONPG) 
reagent, and four substrate solutions were prepared in the 
lab. Acetone was purchased from Hunan Huihong reagent 
Co., Ltd (Hunan China). Fluorescein diacetate (FDA) was 
purchased from Shanghai Yuanye Biotechnology Co., Ltd 
(Shanghai China), and sodium phosphate buffer was pre-
pared in the lab.

Extraction of intestinal contents

All mice were sacrificed by cervical dislocation after being 
gavaged for 49 days. The intestinal contents (from the jeju-
num to the rectum) of all mice in each group were collected, 
respectively, in a sterile environment and cooled to 4 °C 
refrigerator (Guo et al. 2015).

Intestinal mucosa extraction

Intestinal mucosa in each group was collected according to 
the collection method of sterile intestinal mucosa established 
by our research group (He et al. 2017) . Under sterile con-
ditions, the contents on the wall of the small intestine (the 
jejunum to the rectum) were washed with sterile saline, and 
then the intestinal mucosa was scraped off using coverslips 
and cooled to – 80 °C liquid nitrogen tank.

Determination of microbiota in intestinal contents

A certain amount of intestinal contents from each group 
were weighed aseptically and transferred into the corre-
sponding group’s triangle bottle filled with sterile water 
and glass beads. Triangle bottles were shaken on a bed tem-
perature incubator at 120 rpm for 30 min to release micro-
organisms from intestinal contents completely. The number 
of microorganisms was counted by dilution plate culture 
counting. The experiment was performed in triplicate. Total 
numbers of bacteria were detected after being cultured at 
37 °C for 24 h, the numbers of Lactobacillus spp. and Bifido-
bacteria spp. were determined after being anaerobic cultured 
at 37 °C for 48 h.

Analysis of enzyme activities of intestinal in mice

The intestinal mucosa and contents were transferred into 
the corresponding centrifuge tubes filled with glass beads 
and added an appropriate amount of sterile water. Then, 
the intestinal mucosa and contents were shaken on a vor-
tex mixer for 10 min to release enzymes completely and 
centrifuged at 3000 rpm for 8 min. Enzyme activities were 
analyzed by UV spectrophotometer. Protease activity was 

determined by the Foline-phenol method, the activities of 
amylase and sucrase were determined by the DNS colorim-
eter method and lactase by the ONPG method. The unit of 
enzyme activity is defined according to the reference (Tan 
et al. 2012).

Determination of microbial activity (Schnürer 
and Rosswall 1982; Tang et al. 2020)

FDA was dissolved in acetone and stored as a stock solution 
(2 mg/mL) at − 20 °C, the sample (intestinal mucosa and 
contents) was simultaneously added with FDA (final con-
centration, 10 μg/mL) to sterile sodium phosphate buffer, 
pH 7.6, and the mixture was incubated at 24 °C on a rotary 
shaker. Mixture was incubated at 24 °C on a rotary shaker. 
After 90 min, 2 mL of acetone was added to stop the reac-
tion, and the value of A490 was determined. A group of blank 
control group was established, the sample (intestinal mucosa 
and contents) was simultaneously added with acetone, FDA 
(final concentration, 10 μg/mL) to sterile sodium phosphate 
buffer. Three repeated tests were performed on each sample.

Statistical analysis

Measurement data of each group were expressed by the form 
of mean ± standard deviation and analyzed using a single 
factor of variance (one-way ANOVA) in SPSS 21.0 soft-
ware. LSD-t method was performed for multiple compari-
sons. Differences among groups were considered significant 
when P values less than 0.05.

Results

Effects of different lily bulbs on mice body weight

The weight of the mice can be seen from Fig. 2. Generally 
speaking, the weight of each group of mice increased with 
an increase in feeding time. Specifically, compared with 
the control group, the weight of mice in the lily bulb group 
gradually decreased with time, but there was no significant 
difference between the control group (P > 0.05). The weight 
of the mice in the LDU group was gradually lower than 
that in the LL group, but there was no significant difference 
between the two lily bulb groups (P > 0.05).

Effects of lily bulbs on microbiota in mice contents

Intestinal microbiota plays an important role in the human 
body. It can be seen from Fig. 3, the total numbers of bac-
teria in the LL group was significantly lower than that in 
the control group (t = 2.21 × 106, P = 0 0.040), while the 
number of Lactobacillus spp. and Bifidobacteria spp. 
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was significantly higher than those in the control group 
(t = 2.68 × 107, P = 0.000; t = 5.96 × 107; P = 0.000). Differ-
ent from the LL group, the changes of the number of three 
culturable microbiota in the LDU group was not significant 
difference from that in the control group (P > 0.05). Similar 
to the control group, the number of bacteria in the LDU 
group was significantly higher than that in the LL group 

(t = 4.0 × 106, P = 0.003), while the number of Lactobacil-
lus spp. and Bifidobacteria spp. was significantly lower than 
that in the LL group (t = 6.12 × 107, P = 0.000; t = 2.71 × 107, 
P = 0.000).

Effects of lily bulbs on enzyme activities in mice 
contents

Table 1 demonstrates the effects of two kinds of lilies on 
the enzyme activity in contents. The activities of four diges-
tive enzymes in the LL group were significantly different 
from those in the control group. The activities of amylase 
and protease were significantly higher than those in the 
control group (t = 455.73, P = 0.000; t = 52.32, P = 0.000), 
while the activities of sucrase and lactase were significantly 
lower than those of the control group (t = 5.82, P = 0.000; 
t = 443.51, P = 0.000). The changes in the four digestive 
enzyme activities of the LDU group were similar to those 
of the LL group. Except for protease, the other three enzyme 
activities were significantly different from the control group 
(t = 206.56, P = 0.000; t = 366.82, P = 0.000; t = 15.71, 
P = 0.000). The activities of amylase, protease and sucrase 
in the LDU group were significantly lower than those of 
the LL group (t = 249.18, P = 0.000; t = 52.15, P = 0.000; 
t = 9.89, P = 0.000), while lactase activity was significantly 
higher than that in the LL group (t = 76.69, P = 0.000).

Effects of lily bulbs on mucosa enzyme activity 
in mice

As shown in Table 2, contrary to the changes of enzyme 
activity in mice contents, the activities of amylase and pro-
tease in the intestinal mucosa of the LL group (t = 44.15, 
P = 0.000; t = 1.25, P = 0.007) and the LDU group (t = 15.41, 
P = 0.012; t = 0.867, P = 0.031) were obviously lower than 
that of the control group. In addition, the amylase and pro-
tease activities in the LL group were lower than those in 
the LDU group, and the amylase activity was significantly 
different (t = 28.74, P = 0.001). There was no significant dif-
ference between the LL group and the control group in the 
activity of sucrase in the intestinal mucosa, but the activity 
of sucrase in the LDU group was significantly higher than 
that of the control group (t = 3.49, P = 0.015). Compared 
with the control group and the LL group, lactase activity in 

Fig. 2   Body weight changes of control group (●), LL group (□), 
LDU group (△). Each value is the mean ± SD of five replicates 
(n = 5)

Fig. 3   They represented the number of total bacteria, Bifidobacte-
ria spp and Lactobacillus spp. colony between different groups. The 
colony numbers of the three strains in the LL group and other groups 
(the control group and the LDU group) were significantly different. 
Compared with the control group, AP < 0.05, aP < 0.01; Compared 
with the Lilium lancifolium group, bP < 0.01

Table 1   Effects of different 
lilies on enzyme activity in 
feces

Each value is the mean ± standard deviation, N = 5. Compared with the control group, aP < 0.01; compared 
with the Lilium lancifolium group, bP < 0.01

Groups Amylase (U/g) Protease (U/g) Sucrase (U/g) Lactase (U/g)

Control group 271.52 ± 24.55 27.49 ± 2.88 41.03 ± 0.69 451.04 ± 9.83
Lilium lancifolium group 727.26 ± 48.38a 79.81 ± 2.89a 35.39 ± 0.49a 7.53 ± 5.38a
Lilium davidii var. unicolor group 478.08 ± 7.8ab 26.66 ± 1.27b 25.33 ± 0.62ab 84.21 ± 19.56ab
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intestinal mucosa of the LDU group increased significantly 
(t = 34.45, P = 0.000; t = 19.81, P = 0.003). The lactase 
activity of the intestinal mucosa in the LL group was higher 
than that in the control group, with a significant difference 
(t = 14.64, P = 0.011).

Effects of lily bulbs on microbial activity in mice 
contents

Figure 4 demonstrates the effects of two lilies on the micro-
bial activity in mice contents. Microbial activity of the LL 
group was significantly higher than that of the control group 
(t = 0.81, P = 0 0.000), while that of the LDU group was 
significantly lower than that of the control group (t = 0.43, 
P = 0.001). Compared with the LL group, the microbial 
activity of the LDU group decreased significantly (t = 1.23, 
P = 0.000).

Effects of lily bulbs on microbial activity in mice 
mucosa

The results of the microbial activity in mucosa are shown in 
Fig. 5. Compared with the control group, the mucosa micro-
bial activity of the LL group and the LDU group was sig-
nificantly decreased (t = 0.89, P = 0.000; t = 0.69, P = 0.000). 
There was no significant difference in the mucosa micro-
bial activity between the LL group and the LDU group 
(P > 0.05).

Discussion and conclusion

Lily bulbs can regulate the digestive enzyme 
activity and microbial activity of the intestinal 
contents in normal mice

The composition of lily bulbs is complex, and intes-
tinal digestive enzymes are easily affected by various 
active substances in lily. The regulatory mechanism may 
include the regulation of the intestinal mucosa, intestinal 

Table 2   Effects of different 
lilies on enzyme activity in 
mucosa

Each value is the mean ± standard deviation, N = 5. Compared with the control group, AP < 0.05, aP < 0.01; 
compared with the Lilium lancifolium group,  bP < 0.01

Groups Amylase (U/g) Protease (U/g) Sucrase (U/g) Lactase (U/g)

Control group 70.17 ± 8.78 2.23 ± 0.33 10.61 ± 0.38 198.76 ± 3.65
Lilium lancifolium group 26.02 ± 0.32a 0.98 ± 0.53a 12.41 ± 1.99 213.40 ± 3.71A
Lilium davidii var. unicolor group 54.76 ± 2.58Ab 1.36 ± 0.20A 14.10 ± 0.85A 233.21 ± 6.83ab

Fig. 4   They represented micro-
bial activity in feces of control 
group (●), LL group (□), LDU 
group (△). The microbial activ-
ity of LL group was the strong-
est, followed by the normal 
group, and finally the LL group. 
Compared with the control 
group, aP < 0.01; Compared 
with the Lilium lancifolium 
group, bP < 0.01

Fig. 5   They represented microbial activity in mucosa of control 
group (●), LL group (□), LDU group (△). The microbial activity 
in the normal group was the strongest, and there was no difference 
between the LL group and the LDU group. Compared with the con-
trol group, aP < 0.01
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microbiota and intestinal microenvironment (Long et al. 
2017). The digestive enzymes in the intestinal contents 
are mainly endogenous digestive enzymes, which are 
determined by the enzyme-producing microbial com-
munity. The larger number of enzyme-producing micro-
bial communities, the higher digestive enzyme activity, 
the more complete absorption and utilization of foods, 
and the more intestinal microbial metabolites. Fluores-
cein diacetate, also known as FDA, can be hydrolyzed by 
esterases, proteases, lipases, etc. (Schnürer and Rosswall 
1982). The changes in intestinal microbial enzyme activ-
ity can be reflected using the method of FDA. Combined 
with changes in intestinal microbiota and digestive enzyme 
activity, it can help us to better understand changes in the 
intestinal microenvironment (Tang et al. 2020).

The study has shown that lily bulbs, especially Lilium 
lancifolium, increase the activity of microbial in intestinal 
contents. At the same time, amylase and protease activi-
ties in intestinal contents are increased significantly by lily. 
Amylase and protease are secreted by the intestinal tract and 
intestinal microorganisms, which are closely related to the 
digestion and absorption function of the small intestine. Our 
research shows that eating lily bulbs can improve the activity 
of amylase and protease in the small intestine, and enhance 
the digestion and absorption of food. Amylase is the main 
enzyme for digesting carbohydrates, studies showed that 
when weaned pigs consume more carbohydrates, the amyl-
ase activity will increase (Makkink et al. 1994). Probiotics 
can stimulate the activity of digestive enzymes. Studies have 
shown that adding probiotics to aquatic feed can increase 
the digestion and absorption of fish, and increase the activ-
ity of protease and amylase (Zhang et al. 2020). Long-term 
consumption of lily bulbs in mice and bacteria will stimulate 
the production of amylase. At the same time, the growth of 
Lactobacillus spp. and Bifidobacteria spp. in the intestinal 
contents of normal mice may also stimulate amylase activity 
to some extent.

Lily bulbs can regulate the digestive enzyme 
activity and microbial activity in the intestinal 
mucosa of normal mice

Maintain the normal morphology and structure of the intes-
tinal mucosa so that intestinal digestive enzymes can digest 
and absorb nutrients. Normal intestinal mucosa can secrete 
digestive enzymes to digest and absorb nutrients. Once the 
structure of intestinal mucosa is destroyed, it will reduce 
the activity of digestive enzymes. According to reports, the 
chemical components in traditional Chinese medicine can 
thicken and lengthen intestinal villi, making it more com-
pact and orderly, which has a positive impact on the produc-
tion and secretion of digestive enzymes (Long et al. 2017). 
In other words, changes in enzyme activity of intestinal 

mucosa can reflect changes in the intestinal mucosa struc-
ture. Jiang et al. found that the addition of 1.0% glutamine 
to the feed increased the activities of sucrase, maltase, and 
lactase significantly in the jejunum of 14-day-old pigs (Jiang 
et al. 2010). Investigations demonstrated that probiotics 
can increase the activity of diabylase (referring to lactase, 
sucrase, and maltase) and intestinal lipase in the small intes-
tinal mucosa, and regulate the intestinal microbiota (Yang 
et al. 2005).

Eating lily enhanced the activity of lactase in the intes-
tinal mucosa, which was mainly produced by small intesti-
nal epithelial cells and decomposed lactose into galactose. 
Galactose is an oligosaccharide that provides nutrients for 
probiotics. In the studies, the microbial activity of the LDU 
group was lower than that of the normal group, so were the 
activity of mucosa amylase and protease. However, lily bulbs 
increased the activity of lactase in the mucosa, which indi-
cated that lily bulb mainly promote the secretion of lactase 
in the intestine. Galactose is the product of lactase decom-
position, which can promote the growth of probiotics, and 
probiotics can stimulate the activity of amylase and sucrose 
(Zhang et al. 2020). All the above can promote the diges-
tion and absorption of the body and enhance the intestinal 
immune function.

Lily bulbs can promote the growth of Lactobacillus 
spp. and Bifidobacteria spp.

Our experimental results show that eating lily bulbs promote 
the growth of Lactobacillus spp. and Bifidobacteria spp. The 
experiment of Gong et al. confirmed that lily bulbs extract 
has a positive influence on the growth of Bifidobacteria spp. 
and even higher than that of Isomalto-oligosaccharide. Gong 
thinks that several oligosaccharides of lily bulbs promote 
the growth of Bifidobacteria spp. and put forward that lily 
bulbs have the potential as a bifidus factor or functional food 
(Gong et al. 2009). Zhao et al. found that purified lily bulb 
polysaccharide can restore the microbiota of mice with intes-
tinal microbiota disorders (Zhao et al. 2020) . The research 
by Sim et al. revealed that Korean L. lancifolium bulbs are 
more anti-inflammatory and anti-aging than Japanese Lily 
(Sim et al. 2020). In our study, we also found that L. lan-
cifolium bulbs increase the number of Lactobacillus spp. 
and Bifidobacteria spp. more than Lilium davidii var. Unicol 
bulbs.

Our experiments have proven that lily bulbs increased 
amylase activities in intestine contents significantly and 
improved digestion and absorption of foods. In addition, lily 
bulbs stimulate intestinal epithelial cells to secrete lactase, 
increase mucosa lactase activity, and maintain intestinal 
mucosa immunity. Lily bulbs promote the growth of Lacto-
bacillus spp. and Bifidobacteria spp. and inhibit the growth 
of total bacteria in the intestines of normal mice, indicating 
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that lily may maintain the intestinal mucosa barrier. This 
may be related to the oligosaccharides (such as glucoman-
nan) of lily. Above all, the study might contribute to improv-
ing the current understanding the interaction between lily 
bulbs and intestinal digestive enzymes and microbiota, and 
is worthy of further study. Lily bulbs, especially L. lancifo-
lium bulb has the potential to be functional foods, and it is 
necessary to figure out which ingredients of lily bulbs can 
improve intestinal microecology.
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