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ABSTRACT Previously, a fungus was isolated from a
diseased pigeon group clinically suspected of being
infected with Candida. The fungus was subsequently
identified as Candida glabrata using morphology, physi-
ology, biochemistry, and molecular biology testing
methods. In the present study, to determine the con-
trolling effects of Chinese herbal medicine for C. glabrata,
the bacteriostatic effects of the ethanol extracts Acorus
gramineus, Sophora flavescens, Polygonum hydropiper,
Cassia obtusifolia, Pulsatilla chinensis, Dandelion, and
Cortex phellodendri on C. glabrata in vitro were
analyzed. The results showed that the minimum inhibi-
tory concentrations (MICgg) of Cortex phellodendri was
0.25 pg/uL. Meanwhile, that of S. flavescens was 32 pg/
uL; C. obtusifolia was 56 pg/ul; A. gramineus and
Polygonum hydropiper was 64 pg/ul; and P. chinensis
was 112 pg/pL. However, MICg, for Dandelion was un-
detectable. In addition, improved drug sensitivity tests
revealed that colonies had grown after 24 h in the blank
group, as well as the Polygonum hydropiper, P. chi-
nensis, Dandelion, and ethanol groups. The colonies first

appeared at the 48-hour point in the other drug-sensitive
medium of Chinese herbal medicine. However, no colony
growth was found in Cortex phellodendri medium, and
the formation of the maximum colony diameter in that
group was later than the blank group (e.g., 96 h in the
blank group and 120 h in the Chinese herbal medicine
group). It was observed that only 17 colony-forming
units had grown in 125 pg/uL of the S. flavescens me-
dium, which was significantly different from other
groups. Also, the final colony diameter was significantly
smaller than that of the other experimental groups.
Therefore, it was determined that the A. gramineus,
S. flavescens, Polygonum hydropiper, Cassia obtusifolia,
P. chinensis, and Cortex phellodendri had certain
inhibitory effects on the growth of the C. glabrata.
Among those, it was observed that the Cortex phello-
dendri had the strongest inhibitory effects, followed by
the S. flavescens. In the future, these Chinese herbal
medicines are expected to be used to treat the fungal
infections related to C. glabrata in poultry to improve
production performance.
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INTRODUCTION

At the present time, Candida glabrata has gradually
developed into the second largest pathogenic Candidi-
asis, following closely after Candida albicans
(Tscherner et al., 2011; Chen et al., 2017; Grisin et al.,
2017), which is usually a type of normal flora found in or-
ganisms. When the immunity of a body decreases, the
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fungi will show pathogenicity to the host and can infect
a body through the skin, oral cavities, esophagus, and
gastrointestinal tract, as well as other parts. Then,
with increased infection, once the strain enters the blood
system, it will spread to the entire body, causing sys-
temic candidiasis. Consequently, the heart, brain,
nerves, bones, and other parts of the body will be nega-
tively affected (Clemons et al., 2006; Medrano-Diaz
et al., 2018; Parin et al., 2018). The current prophylactic
measures taken on poultry farms mainly focus on bio-
security, cleaning and disinfection, overall management,
acidification of feed and drinking water, and vaccination
procedures (Peeters et al., 2019). The use of antibiotics
has effectively inhibited bacterial and fungal infections
and improved the production performance of animals.
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However, it has been found that with its large-scale and
long-term unrestricted use, multiple antibiotic-resistant
bacteria strains have begun to emerge (Roth et al.,
2019). Microbial drug resistance is a serious global threat
to the health and safety of humans, animals, and envi-
ronments. Therefore, many countries have gradually
prohibited the use of antibiotics as feed additives. In
addition, strict standards for the banning and restriction
of antibiotic usage in economic animal industries have
been established (Maron et al., 2013).

In recent years, with the prohibition and restriction of
the use of antibiotics in animals, it has been proven diffi-
cult to maintain animal health, and production perfor-
mances have been greatly affected. Therefore, in order
to ensure human health and safety and produce
pollution-free and drug-free animal products, re-
searchers have conducted major studies regarding anti-
biotic substitutes. Plant feed additives that are based
on Chinese herbal medicine and its extracts, which are
mainly composed of volatile and nonvolatile bioactive
substances, have consistently been hot topics in the
research field of antibiotic substitutes (Sharma et al..
2020). Chinese herbal medicine includes many types of
pure and natural, low-toxic, nonresidual, and
pollution-free medicinal plants. Chinese herbal medicine
may not only contain common sugars, lipids, and amino
acids but also alkaloids, vitamins, flavonoids, and vola-
tile oils. In previous study, the results of Chinese herbal
remedies have shown considerable efficacy in enhancing
memory and appetite, relieving coughs and asthma
systems, and lowering cholesterol levels, as well as dis-
playing antitumor, antioxidation, antivirus, anti-
inflammation, and bacteriostasis potential (Cai et al..
2015; Liao and Lin, 2015; Xu et al., 2016; Dai et al.,
2018; Fu et al., 2018; Huang et al., 2018; Qian et al.,
2018). Studies have shown that Chinese herbal medi-
cines are ideal substitutes for hormones and antibiotics
and can be effectively used to develop feed additives.
In this study, on the basis of the results of previous
related research investigations, 7 Chinese herbs were
selected to study their antibacterial effects on clinically
isolated avian source C. glabrata through in vitro exper-
iments. These included Acorus gramineus, Sophora
flavescens, Polygonum hydropiper, Cassia obtusifolia,
Pulsatilla  chinensis,  Dandelion, and  Cortex
phellodendri.

MATERIALS AND METHODS

The methods used in this study were approved by the
Experimental Animal Ethics Committee of Hebei Agri-
cultural University.

Isolation of the C. glabrata

In the present study, suspected infected pigeons were
obtained from Ningxiang Livestock and Poultry Clinic
in Baoding (Hebei, China). The pigeons were observed
to have white pseudo-membrane or white round protu-
berant ulcer formations in their mucous membrane,

which were similar to candidiasis. The exudate from
the crop mucous membrane of the pigeons was obtained
using aseptic cotton swabs and placed in 10 mL of
aseptic saline. After the dilution process, 100 uL was
evenly coated on Sabouraud (SDA) medium and incu-
bated at 37°C for 48 h. The morphological characteris-
tics of the colony samples were then observed, and
single colonies were selected. The streaking and
culturing processes were continued until a pure culture
was obtained. At that point in the experimental process,
Gram staining of single colonies was taken, and the
shapes of the mycelia and spores were observed under
a microscope. The strains were then frozen in glycerol
tubes for later use.

Morphological Identification

The preserved bacteria were resuscitated and pre-
pared into 1 X 10" colony-forming units (CFU)/mL
bacterial suspension, and 100 pl. was evenly smeared
on Yeast Extract Peptone Dextrose Medium; TTC-
Sabourand Medium; Candida Chromogenic Medium;
and 1% Tween80-Corn Meat Agar Medium, respec-
tively, and cultured upside down at 37°C for 48 h.
Then, the colony morphology and Gram staining were
observed microscopically.

Physiological and Biochemical
Identification

The resuscitation strain was prepared into
1 X 10° CFU /mL bacteria suspension, and 100 pL was
inoculated in glucose, sucrose, maltose, lactose fermenta-
tion tubes, glucose, maltose, sucrose, lactose, galactose,
honey disaccharide, raffinose, inositol, xylose, trehalose,
and cellubitol assimilation tubes, respectively, at 37°C
for 24 h.

Molecular Biological Identifications

The total DNA of the bacterial solution was extracted
in accordance with the operation procedures provided in
this study’s fungal genomic DNA extraction kit (cour-
tesy of OMEGR). The quality of the obtained DNA
was detected using a 1% agarose gel electrophoresis
method. Fungal universal internal transcribed spacer
(ITS) sequence primers (ITS1 5-TCCGTAGGT-
GAACCTGCGG-3) and (ITS2 3-GCTGCGTTCT-
TCATCGATGC-5) were adopted. This study used a
PCR reaction system (total system: 25 pL) which
included a 12.5-pLL KAPA 2G Robust Hot Start Ready
Mix; 1 uL forward primer; 1 pL reverse primer; and
5 uL DNA. Finally, 5.5 pL of ddH,O was added to
25 plL. First of all, the samples were predenatured at
95°C for 5 min; then subjected to 35 cycles; denatured
at 95°C for 45 s; annealed at 55°C for 50 s; extended at
72°C for 45 s; and finally stored at 4°C for future use.
The purified PCR product was sequenced using an
Applied Biosystems 3730-x1 sequencer. The sequence
results were then processed using a web-based blasting
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program and a Basic Local Alignment Search Tool
(BLAST) (http://www.ncbi.nlm.nih.gov/BLAST).
The data were compared with those listed in the
NCBI/Genebank database, and MEGAT7.0 software
(Sudhir Kumar, Arizona State University, Phoenix,
AZ) was used to build the evolutionary tree.

Animal Infection Tests

For this study’s experimental animal tests, 30 healthy
four-day-old Roman gray chickens were provided by
Dingnong Corporation of Hebei (Baoding, China), and
the adopted methods were approved by the Animal
Ethics Committee of Hebei Agricultural University.
The chickens were raised, managed, and dissected
according to the national legislation on animal welfare
protection. The experimental animals were randomly
divided into 2 groups: group A and group B. Group A
was fed 0.5 mL (1 X 10" CFU/mL) of bacterial suspen-
sion each day, and group B was fed 0.5 mL of saline each
day. The mental states and deaths of the chickens were
observed at all times. Then, after 7 d of feeding, the path-
ogenic symptoms of the groups were observed, and the
pathogens were isolated and purified.

Preparation of the Chinese Herbal Medicine

In this research investigation, S. flavescens, A. gra-
mineus, Polygonum hydropiper, Cassia obtusifolia,
P. chinensis, Dandelion, and Cortex phellodendri
samples were purchased from the Anguo Oriental
Medicine City (Hebei, China). First of all, 50-g Chi-
nese herbal medicine samples were soaked in 8 times
their volume of 60% ethanol overnight. Then, 60%
ethanol solutions were added to further increase the
volumes by 10 times (Yi et al., 2006; Tang et al.,
2011; Fang et al., 2016; Han et al., 2018; Xiang
et al., 2019). Subsequently, after the designed exper-
imental steps, an ultrasonic instrument with a tem-
perature level of 40°C was applied 3 times, with
each application being 15 min in length. An ultra-
sonic extraction method was used to extract the
desired liquid, and then vacuum filtration was
applied. Any drug residue was discarded, and the
samples were subjected to 3,000 r/min centrifugation
for 10 min. When the centrifugation process was
completed, the precipitation supernatant was placed
into a rotary evaporator and steamed at 80°C to
obtain a 1.5-g/mL concentration level. After sterili-
zation was performed, the prepared solution was
packed into 4-mL centrifuge tubes and stored at a
refrigeration temperature of —20°C.

Susceptibility Tests of the Chinese Herbal
Medicine In Vitro

In the present study, the MIC of the Chinese herbal
medicine was determined according to the M27-E4 stan-
dard (Reference method for the broth dilution antifungal
susceptibility testing of yeast: Approved standard;

Fourth Edition) compiled by the Clinical and Labora-
tory Standards Institute. In this study, the Chinese
herbal medicine (1.5 g/mL) was diluted to 1,024 pg/
pL, 512 pg/pl, 256 pg/pl, 128 pg/ul, 64 pg/pl,

32 pg/pL, 16 pg/pl, 8 pg/pL, and 4 pg/uL samples,
respectively, by RPMI1640 medium using a double dilu-

tion method. Then, 180 uL of the RPMI1640 medium
(including the Chinese herbal medicine) was placed
into a 96-well plate, and each concentration was set to
3 repetitions. In addition, 100 pL of the RPMI1640 me-
dium was added to both positive control and negative
control holes. In the same manner, a 60% ethanol group
was set up. The activated colony on the SDA medium
was made into 1 X 10°>-5 X 10> CFU/mL bacterial sus-
pensions using RPMI1640 medium. All the test wells
were receiving 100 uL of bacteria suspensions which
were expected to be the negative control wells that
received 100 pL of RPMI1640 medium, making the
final concentrations of each hole of the Chinese herbal
medicine 512 pg/ul, 256 pg/pl, 128 pg/ul, 64 pg/
pL, 32 pg/pl, 16 pg/pL, 8 pg/pL, and 4 pg/pL,
respectively. Then, 96-well plate was placed into a
37°C incubator for 48 h. A microplate reader was
used to measure the ODggg values of each well. It
was observed that when compared with the negative
control, the drug concentration with an OD value of
more than 80% was MICg,. The aforementioned
experimental process was repeated 3 times.

Drug Sensitivity Tests for the Chinese
Herbal Medicine

From the 1.5 g/mL of Chinese herbal medicine, 1 mL
was added to 11 mL of SDA medium to prepare a Chi-
nese medicine medium plate with a concentration of
125 pg/uL. Then, a 64-pg/ul. Chinese herbal medicine
medium plate and 60% ethanol medium plate were pre-
pared using the same method. During the experimental
process, 10! CFU /mL bacterial suspension was prepared
using normal saline, and 100 pL of the bacterial suspen-
sion was evenly spread on the plates of ordinary SDA
medium containing different concentrations of Chinese
herbal medicine, as well as those without Chinese herbal
medicine. The samples were then cultured at 37°C. The
colony growth numbers were observed at 24, 48, 72, 96,
120, and 144 h after inoculation, respectively, and the
colony diameters were carefully measured.

Statistical Analysis Results

In the present study, all the results were expressed as
means = SEM. Statistical analysis was performed using
the SigmaPlot 2000 software (SPSS Inc., Chicago, IL).
All the data were analyzed using a one-way analysis of
variance method to determine the differences among
the groups. In this study, the groups were considered
to be significantly different at P < 0.05 and extremely
significant at P < 0.01.
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RESULTS
Morphology of the Pathogenic Fungi

The pathogen isolated from the diseased pigeon group
was cultured in SDA medium at 37°C for 48 h. It was
observed that the culture grew well and has a yeast-like
odor. The colonies had the following characteristics:
cream colored; moist; cheese-like; protruding in the mid-
dle; neat edges; smooth surfaces; no mycelium growth;
colony diameters ranging from 5 to 6 mm (Figure 1A);
Gram staining blue-purple; oval spores detected under a
microscope; and no hyphae and other invasive structures
observable (Figure 1B). The colony morphology in the
Yeast Extract Peptone Dextrose medium was found to
be similar to that observed in the SDA medium, in which
slightly larger, cheese-like, cream-colored, protruding in
the middle, neat edges, smooth surfaces, and diameters
ranging between 8 and 9 mm had formed (Figure 1C).
The TTC-Sabourand medium produced colonies charac-
terized with deep red coloration, moistness, protruding
middles, neat edges, smooth surfaces, and no mycelium
growth (Figure 1D). In addition, in the Candida chromo-
genic medium, the colonies were white in color
(Figures 1E and 1F). Also, the positive gram staining pro-
cess was uneven, and the cells were round or oval. There
was no mycelium growth found in the 1% Tween 80-
corn Agar medium, and gram positive oval sporozoites
were identified under a Gram staining microscope. How-
ever, posterior wall spores had not been produced
(Figure 1G). In addition, there was no germ tube forma-
tion after incubation with serum at 37°C for 3 h.

Physiological and Biochemical
Characteristics of the Pathogenic Fungi

Physiological and biochemical test tube cultures
were examined for 24 h. The results showed that
glucose and maltose could produce acid, but not
gas. Also, although the lactose and sucrose culture
tubes could produce acid yet not gas, it was found
that glucose, maltose, trehalose, and cellubitol could
not be assimilated. Furthermore, sucrose, lactose,
galactose, maltose, maltose, inositol, and xylose also
could not be assimilated.

Molecular Identifications

The DNA sequences of the 48-hour cultured sam-
ples in the SDA medium were sequenced and
compared using the BLAST software of the NCBI
website. The homology with sequence numbers
MK300697.1, MH973205.1, LC534389.1, LS398122.1,
MN699325.1, KX450831.1, LC317501.1, and
KP674806.1 had reached 100%. In this study, C. glab-
rata MF540463.1, KY619292.1, KF305829.1; Candida
dubliniensis HE860437.1; Candida albicans
JN606308.1 and FJ662402; and Candida tropical

EF151501.1 and FJ53249.1 were selected to draw
the evolutionary tree using MEGAT7.0 software, as
shown in Figure 2. The clinical isolates were in the
same evolutionary tree branch as the KX450831.1,
LC317501.1,
C. glabrata.

and KP674806.1, which belonged to

Figure 1. Colony morphology. (A) Colony morphology of the SDA. (B) Gram staining characteristics (10 pm). (C) Colony morphology of the
YEPD. (D) Colony morphology of the TTC-SDA. (E) Positive colony morphology of the Candida chromogenic culture medium. (F) Back of the colony
morphology of the Candida chromogenic culture medium. (G) Characteristics of the GRAM staining in the 1% Tween 80-Corn Agar medium (10 pm).
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Figure 2. Phylogenetic tree of the Candida glabrata strains. Note: In the figure, “2” indicates the isolated strain obtained from the diseased pigeon

group.

Animal Infection Tests

On the seventh day of the infection process, the animal
groups displayed hyperplasia and hypertrophy of the
stratified flat epithelium; obvious hyperkeratosis of the
cuticles; white pseudo-membrane or white round pro-
truding ulcers on the surfaces of mucous membrane;
and folds in lesions resembling towels, as detailed in

Figure 3A. However, no obvious pathological changes
were found in the stomach, liver, lung, spleen, or thymus
tissue, and no spores and hyphae were found in the blood
smears and liver and lung contact specimens. The
exudate was isolated and cultured at 37°C for a period
of 48 h. The colonies were observed to be milky white
in color, with raised and smooth surfaces and neat edges.
The Gram staining results were blue-purple, and oval

Figure 3. Experimental animal groups. (A) Diseased group. (B) Healthy group. (C) Histopathological change of liver (100 pm). (D) Histopatho-

logical change of spleen (100 pm).
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Table 1. MICyg, of the different groups (n = 3).

Control Acorus Sophora Polygonum Cassia Pulsatilla Cortex
Groups (alcohol) gramineus flavescens hydropiper obtusifolia chinensis Dandelion phellodendri
MICxg 128 64 32 64 56 112 0 0.25
(ng/ul)

Note: MICgy means comparing with the negative control, the lowest drug concentration with an OD value declining more than 80%.

spores could be seen under microscope, with no hyphae
and other invasive structures. The aforementioned white
colonies in the Candida chromogenic medium, as well as
the physiological, biochemical, and molecular biological
characteristics, were determined to be consistent with
those of the infected strains.

Susceptibility of the Chinese Herbal
Medicines to C. glabrata

The results of this study’s MICgq determinations of
the C. glabrata using Chinese herbal medicine extracts
are shown in Table 1. It was found that, with the excep-
tion of Dandelion having no inhibitory effects on the
C. glabrata, as the concentration levels of the Chinese
herbal medicine were increased, the growth rates of
C. glabrata had decelerated, and the values of the
ODyg decreased. The inhibitory effects of Cortex phello-
dendri on C. glabrata were the strongest among the 7
types of tested Chinese herbal medicine. It was observed
that when the concentration of Cortex phellodendri was
more than 0.25 pg/puL; the concentration of S. flavescens
was greater than 32 pg/pL; the concentration of Cassia
obtusifolia was greater than 56 pg/pL; the concentra-
tions of A. gramineus and Polygonum hydropiper were
more than 64 pg/ul; and the concentration of P. chinen-
sis was greater than 112 pg/pL, the ODggy values had
decreased by more than 80% when compared with the
negative control well. In addition, 60% ethanol at
128 pg/uL also was observed to have inhibitory effects
on the growth rate of the C. glabrata.

Inhibitory Effects of Chinese Herbal
Medicine on the Growth Rates of C. glabrata

The colony growth rates were observed at 24, 48, 72,
96, 120, and 144 h after infection, during which time
different concentrations of Chinese herbal medicine
were added to the solid medium. Figure 4 displays the
colony morphology in the solid medium after 72 h of
culturing. After 24 h of culturing, it was observed that
colonies had grown in the blank group; Polygonum
hydropiper; Cassia obtusifolia 64 pg/ul; P. chinensis;
and Dandelion 64 pg/pL and 125 pg/ul groups. The col-
ony diameters of each Chinese herbal medicine group
were smaller than those of the blank group and ethanol
control group, with the exception of the Dandelion
group. The colonies first appeared at the 48-hour point
in the other drug-sensitive medium of the Chinese herbal
medicine. When compared with the blank group, the
maximum colony diameter had occurred later (96 h in

the blank group compared with 120 h in the Chinese
herbal medicine group). It was found that when the
S. flavescens were at a concentration of 125 pg/ulL,
only 17 CFU colonies had grown in the culture medium,
which was significantly different from the other groups.
In addition, there was no colony growth observed in
the Cortex phellodendri drug-sensitive medium, as
shown in Table 2. The effects of the different concentra-
tions of the Chinese herbal medicine on the growth rates
of the C. glabrata are shown in Figure 5. The colony di-
ameters were found to gradually increase over time, but
the maximum colony diameter of each Chinese herbal
medicine treatment group was found to be lower than
that of the blank group and ethanol group. The colony
diameter of S. flavescens was only 3.5 mm, which was
significantly smaller than that of the other groups
(4.5 mm-5 mm). It was found in this study that the addi-
tion of Chinese herbal medicine had certain inhibitory ef-
fects on the growth rates of the C. glabrata. In this
study’s comparison of the 7 types of Chinese herbal med-
icine, it was determined that the Cortex phellodendri
had achieved the best antibacterial effects. Furthermore,
the inhibitory effects of the S. flavescens were slightly
stronger than those of the A. gramineus, Polygonum
hydropiper, while Cassia obtusifolia and P. chinensis
were observed to achieve the weakest antibacterial
effects. Generally speaking, no inhibitory effects on the
C. glabrata were observed for the Dandelion.

DISCUSSION

C. albicans and C. glabrata are considered to be the
main infections in clinical candidiasis. However, there
are known differences between the 2 strains in regard
to invasion processes, pathogenicity characteristics,
virulence factors, and so on. First of all, in terms of the
transformation from yeast to hyphae, 2 forms of C. albi-
cans and hyphae have been found in infected sites, and
which form was dominant was determined according to
the different infected organs (Lionakis et al., 2011). It
was believed that the morphology of the yeast was
important for the transmission of the infection, and the
morphology of the hyphae was more closely related to
attachment, host invasion, and tissue damage (Saville
et al., 2003). However, unlike C. albicans, there have
been some reports that C. glabrata may form pseudo-
hyphae (Csank and Haynes, 2000; Sasani et al., 2016).
However, the pathogenicity of C. glabrata appears to
be unrelated to morphology, and there may be other
ways for C. albicans to invade a body. Second, C. albi-
cans can secrete a large number of tissue destructive
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Figure 4. Diameters of the colonies on solid medium with different Chinese herbal medicines cultured for various lengths of time.

factor hydrolase, phospholipase, and other substances.
However, the yields of C. glabrata tend to be very low
or even zero (Rossoni et al., 2013; Bassyouni et al.,
2015; Riceto et al., 2015; Fatahinia et al., 2017; Canela
et al., 2018). C. glabrata is known to be famous for its
long-lasting survival in macrophages because of its
high inherent stress tolerance during pathogenicity. It
has been observed that by allowing itself to be absorbed
by macrophages, C. glabrata can survive and divide
within the macrophages for long periods of time, eventu-
ally resulting in cell lysis due to fungal load (Seider et al.,
2011; Dementhon et al., 2012). In contrast, C. albicans
actively escapes host immunity through mycelial growth
and phagocytic cell penetration. During fungal

pathogenicity processes, adhesion has been considered
to be an important virulence factor. In previous related
studies, during the adhesion processes mediated by the
Van der Waals research team, the cell surface water ab-
sorption of C. glabrata was found to be positively corre-
lated with adhesion. Furthermore, when compared with
C. albicans, the relative cell surface water absorption of
C. glabrata was observed to be significantly higher than
that of C. albicans (Luo and Samaranayake, 2002;
Blanco et al., 2010). Differences have been found be-
tween C. albicans and C. glabrata from the aspects of
structure, cell morphology, enzyme production and
secretion, responses to host resistance, and resistance
to antifungal drugs. Finally, it was observed that there

Table 2. Effects of the Chinese herbal medicine on the colony growth numbers under different concentration

conditions (n = 3).

Concentration (pg/pL) Colony no. (24 h)

Colony no. (48 h) Colony no. (96 h)

Blank 34.3 £ 0.5
Agy no
Aqos no

Sea no
Sia5 no
POg, 27.3 = 1.8*
PO;s5 no
CAgy 26.3 = 0.6*
CA125 no
PUsgy 30.1 £ 0.3
PU;5 29.2 £ 1.1
Dgy 30.3 £0.8
Dias 314 £0.2
COw no
COs, no
COgy no
COqo5 no
ALgy 293 £ 1.5
ALjss 30.0 £ 0.8

28.3 = 0.9%
27.5 + 1.3*
29.0 = 1.0
17.3 = 1.3**

24.0 = 1.7*

25.0 = 1.2*

no no
no no
no no
no no

The lower corner is marked with concentration, A single asterisks (*) indicates statistical significance (P < 0.05), and

¥ indicates P < 0.01.

Abbreviations: A, Acorus gramineus; AL, alcohol; CA, Cassia obtusifolia; CO, Cortex phellodendri; D, Dandelion;
PO, Polygonum hydropiper; PU, Pulsatilla chinensis; S, Sophora flavescens.
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Figure 5. Colony growth rates on a solid medium with different types of herbal medicine for 72 h. (A) Blank control (solid medium with no herbal
medicine). (B) Ajg5 (solid medium with Acorus gramineus at 125 pg/pL). (C) Sq25 (solid medium with Sophora flavescens at 125 pg/uL). (D) POqa5
(solid medium with Polygonum hydropiper at 125 pug/uL). (E) CA a5 (solid medium with Cassia obtusifolia at 125 pg/pL). (F) PU;a5 (solid medium
with Pulsatilla chinensis at 125 ug/uL). (G) D1a5 (solid medium with Dandelion at 125 pg/pL). (H) CO44 (solid medium with Cortex phellodendri at

16 pg/puL). (I) ALj25 (solid medium with alcohol at 125 pg/uL).

were very significant differences between the mature
biofilm of the C. albicans and C. glabrata. For example,
the thicknesses of the biofilm formations in the C. glab-
rata ranged between 75 and 90 = 5 pum. These were
half the thickness of the normal C. albicans biofilm. In
addition, when compared with the C. albicans, it was
found that there was much less biomass at the ends of
the biofilm formations. The biofilm of the C. albicans
was arranged in three-dimensional structures with
different shapes and gaps between the cells, in which
microchannels had formed. In contrast, the biofilm of
the C. glabrata was observed to be thinner. However,
the cell density was higher, and the cells were more
closely accumulated (Seneviratne et al., 2009; Silva
et al., 2009; Kucharkov et al., 2015). The characteristics
of the biofilm enabled the fungi to escape disinfection
and sterilization, as well as resist the therapeutic effects
of antifungal drugs. Therefore, it should be considered in
the identifications of fungal infections that it is very
important to accurately determine the species of
Candida infection, which can provide accurate guidance
for antimicrobial therapy in the later stages. In this
study, the strains were identified according to the tradi-
tional gold standards of pure culture morphology, phys-
iology, biochemistry, molecular biology, and so on
(Sun et al., 2014). The accuracy of this identification
method was found to be high. Therefore, this study’s
test results provided important references for the future
diagnosis of C. albicans and a basis for the further pre-
vention and treatment of the disease. In recent years,
some methods based on multiple PCR and other tech-
niques for the rapid detection of Candida species in blood
had been developed. However, there are still some limita-
tions in sensitivity and specificity (Lau et al., 2010; Taira
et al., 2014), Therefore, the determination of new and
rapid identification methods for strain identification

processes may take the lead in the treatment of fungal
infections, which will potentially reduce animal mortal-
ity and improve production efficiency.

It has been found that adding additives to animal feed
to inhibit the growth or germicidal effects of bacteria can
effectively alleviate infections related to pathogenic bac-
teria and protect the health of animals. In recent years,
probiotics, amino acids, chitosan, nanoparticles, acti-
vated carbon, and plant extracts have been gradually
used as feed additives to improve resistance levels to
infections caused by pathogenic microorganisms. Good
inhibitory effects have been demonstrated on Bacillus,
Escherichia coli, Salmonella, Clostridium perfringens,
Campylobacter, Coccidia, and other pathogens (Abdel-
Hafeez et al., 2017; Hong et al., 2018; Huneau-Salaun
et al., 2018; Adegbeye et al., 2019; Burchacka et al.,
2019; Mortada et al., 2020). In particular, plant extracts
have been widely used in feed additive research studies
because of their natural material content and their func-
tions of promoting growth, as well as antibacterial, anti-
oxidation, and anti-inflammation properties. They have
also been observed to stimulate digestive and immune
system functions, as well as increase animal production
performances, by increasing the production of digestive
enzymes or improving feed utilization efficiency by
enhancing liver function. It has been found that such
extracts as garlic, ginseng, primrose, rose, licorice, aloe,
and green tea showed effective inhibitory effects on
viruses, bacteria, and fungi (Ayyat et al., 2018;
Elghandour et al., 2018; Kolling et al., 2018; Liu et al.,
2018).

This study was based on the results of previous
research investigations regarding the bacteriostatic and
anti-inflammatory effects of Chinese herbal medicine.
In this study’s experimental processes, A. gramineus,
S. flavescens, Polygonum hydropiper, Cassia obtusifolia,
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P. chinensis, Dandelion, and Cortex phellodendri were
selected. There effective components were extracted us-
ing an ultrasonic alcohol extraction method, which
greatly improved the effects of Chinese herbal medicine.
It was determined through bacteriostatic tests in vitro
that the Chinese herbal medicine which were the most
sensitive and effective toward C. glabrata could be
successfully screened. The results showed that Cortex
phellodendri had displayed the strongest antibacterial
activities against C. glabrata in vitro when the MICgg
was 0.25 pg/pL. In addition, it was determined that
S. flavescens also showed good antibacterial effects
when the MICg, was 32 pg/ul. The main components
in the Cortex phellodendri and S. flavescens were
alkaloids and flavonoids. The Cortex phellodendri
mainly contained original berberine-type alkaloids,
pseudoberberine-type alkaloids, aporphine alkaloids,
indole-type alkaloid, and quinoline-type alkaloids
(Xiang et al., 2016; Cai et al., 2017). In addition, flavo-
noids such as citrates and dehydro-citrates isolated
from the Cortex phellodendri had displayed strong anti-
oxidant and antibacterial activities. Previous related
studies have revealed that citrates have antibacterial
effects on streptococcus aureus, E. coli, and so on
(Zhu et al., 2009; Li and Xiao, 2018). Forty-one types
of alkaloids have been identified, such as sophorine and
matrine in S. flavescens, as well as hundreds of flavo-
noids, including isoflavones, dihydro-flavonoids, and
dihydro-flavonols (Wang et al., 2014; Zhu et al., 2018).
It has been found that S. flavescens alkaloids have the
ability to inhibit the proliferation of gram-negative and
gram-positive bacteria to varying degrees. Also, flavo-
noids have been observed to have certain inhibitory ef-
fects on Staphylococcus aureus and E. coli (Cao et al.,
2020). In the present study, both Cortex phellodendri
and S. flavescens displayed strong inhibitory effects on
C. glabrata, which may be the main role of alkaloids
and flavonoids. However, which components play major
roles have yet to be determined and require further
exploration. This study did find that inhibitory effects
of Dandelion on C. glabrata could not be found in the
determination of MICg, using microdilution methods.
In summary, drug-sensitive medium with Chinese herbal
medicine additions showed the clear inhibitory effects on
C. glabrata for 7 types of Chinese herbal medicine. It was
found that after 24 h of culturing, colonies could be
found in the blank group; Polygonum hydropiper
64 pg/pL; P. chinensis; Dandelion; and ethanol groups.
However, the colonies were smaller than those of the con-
trol group and the ethanol control group. No colony
growth was found in the other media. With the excep-
tion of the Dandelion, not only were the colony numbers
significantly different from those of the blank group but
also the colony growth rates and final colony diameters
were significantly different. It was observed that the
C. glabrata did not grow in the Cortex phellodendri
drug-sensitive medium. Also, in the 125-pug/ul. drug-
sensitive medium of the S. flavescens, only 17 CFU col-
onies had grown (compared with the blank group’s
34 CFU), which indicated obvious inhibitory effects on

the C. glabrata. In particular, the medium supplemented
with Chinese herbal medicine during the first 72 h of
growth indicated strong inhibitory effects on the growth
rates of the C. glabrata. Therefore, it was concluded that
the Chinese herbal medicine extracts examined in this
study, which were demonstrated to sensitive and effec-
tive toward C. glabrata, could be considered as poultry
feed additives for the prevention of future C. glabrata
infections. However, although these Chinese herbal med-
icines had a certain inhibitory effect on C. glabrata, they
could not effectively kill the fungi, when compared with
drugs such as fluconazole, amphotericin B, caspofungin,
nystatin, and other drugs. This may have been related to
the complexity of the components of the Chinese herbal
medicine and the low concentrations of the active com-
ponents. Therefore, it was considered in this study that
perhaps the multicomponent active components of the
Chinese herbal medicine played roles which were less
likely to cause fungal drug resistance. During the course
of this study’s experiments, only the components of Chi-
nese herbal medicine were extracted. The components
were not further separated or purified to better analyze
the antifungal properties of the Chinese herbal medicine.
Therefore, in future investigations, it will be necessary to
further analyze and study the different components of
Chinese herbal medicine to develop new antifungal vet-
erinary drugs and feed additives with no pollution or res-
idue, low toxicity, and high effectiveness. The goals of
such efforts would be to protect the development of
poultry industry, as well as to guard human health and
safety.

CONCLUSIONS

In this study, it was found that A. gramineus,
S. flavescens, Polygonum hydropiper, Cassia obtusifolia,
P. chinensis, and Cortex phellodendri had all displayed
inhibition effects on the growth of C. glabrata to certain
extents. Among those, Cortex phellodendri was
confirmed to have displayed the strongest bacteriostatic
effects in vitro. This was followed by the S. flavescens,
A. gramineus, Polygonum hydropiper, Cassia obtusifo-
lia, and P. chinensis. However, this study was not able
to determine if Dandelion had any inhibition effects on
the fungi in question. Therefore, based on the findings
of this study, the aforementioned herbal extracts are ex-
pected to be used as veterinary drugs or feed additives
against C. glabrata, with the goal of preventing future
C. glabrata infections.
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