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ABSTRACT Aspergillus flavus and Aspergillus fumi-
gatus were derived and identified from the ducks infected
with fungi. In order to investigate the effectiveness of
Chinese herbal medicines against Aspergillus flavus and
Aspergillus fumigatus, in vitro antibacterial test and ani-
mal infection control test were conducted to study the
antibacterial activity of the Chinese medicine mixture
which was compatible with Acorus gramineus, Phello-
dendron chinensis, and Cassia obtusifolia. According to
the results, the liver of chickens infected with Aspergillus
flavus and Aspergillus fumigatus displayed granuloma-
tous lesions, indicating that the isolation of pathogen
from the lungs of sick ducks is also pathogenic to chick-
ens. As suggested by the results of in vitro drug sensitiv-
ity test, the mixture 1 MIC80 was the minimum, the
MIC80 of Aspergillus flavus was 16 mg/mL, and the
MIC80 of Aspergillus fumigatus was 4 mg/mL. In a petri
dish of the same concentration, the colony diameter of
� 2022 Published by Elsevier Inc. on behalf of Poultry Science Asso-
ciation Inc. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Received November 13, 2021.
Accepted January 25, 2022.
1Corresponding author: huoshuying@163.com

1

Aspergillus flavus and Aspergillus fumigatus in Mix-
ture 1 was the minimum. Besides, Aspergillus flavus
colonies grew when the concentration was 64 mg/mL,
and Aspergillus fumigatus colonies grew when the con-
centration was 4 mg/mL, which suggests the more sig-
nificant inhibitory effect of Mixture 1 on Aspergillus
flavus and Aspergillus fumigatus. According to the
results of animal experiments, there was a significantly
lower activity level of Glutamic oxaloacetic transami-
nase (GOT) and Glutamate pyruvic transaminase
(GPT) in the protection group and the treatment
group than in the bacterial infection group. As indi-
cated by the blood smear results, there were more neu-
trophils in the infected group than in the prevention
group and the treatment group. Thus, it can be seen
from that the Mixture 1 produced preventive and
therapeutic effects on the chickens infected with
Aspergillus flavus and Aspergillus fumigatus.
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INTRODUCTION

Poultry production can be affected by a variety of fun-
gal diseases, including aspergillosis, candidiasis, finger
mycosis, flavor, mucormycosis, histoplasmosis, and
cryptococcosis. Among them, aspergillosis and candidia-
sis present the most significant risk. Aspergillosis is
known as a fungal infection mainly caused by Aspergil-
lus fumigatus and Aspergillus flavus, which is an air-
borne saprophytic fungus. Currently, there are an
increasing number of cases of poultry infected with
mold. The most significant contributors to fungal
diseases in poultry include the environment and the
feed. For aspergillus flavus, the main target is animal
liver, which can turn yellow, resembling tofu. The liver
necrosis of ducks and geese is particularly serious. Asper-
gillus fumigatus mainly affects animal air sacs and then
the lungs, thus causing chest tightness, coughing and
other symptoms. At this stage, there are about two thi-
ords of the layer farms with varying degrees of mold
infection, more than half of broiler farms with mold
infections, and more than one third of waterfowl farms
with mold infections. According to the statistics sourced
from the Food and Agriculture Organization of the
United Nations, there is an average of 2% of the world’s
food rendered inedible by mildew each year, with billions
of export commodities contaminated with mycotoxins,
thus causing the loss of billions of dollars for agricultural
and industrial production (Takahashi et al., 1982). The
long-term use of animal feed containing mold is
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detrimental to the liver, kidneys and other organs, which
affects the immune system and reproductive system,
thus causing cancer and deformity. At this stage, ketoco-
nazole, itraconazole, and fluconazole are most commonly
used to treat the systemic infections of poultry aspergil-
losis. Despite inhibiting fungal growth and control
mycotoxin synthesis, the excessive use of antibacterial
agents can cause serious side effects, thus threatening
the health of both humans and animals. In recent years,
there has been continued emergence of drug-resistant
strains and super strains due to the abuse of antibacte-
rial medicines. In order to ensure the safety of animal-
derived food and protect human health, the Ministry of
Agriculture and Rural Affairs has imposed a ban on the
use of high-residue antifungal, antiviral, and b-stimulant
drugs in animal-derived food. Aside from the side effects
of antifungal drugs, the high cost has also hindered the
use of antifungal drugs to a significant extent, which
makes it imperative to develop the natural and economi-
cal Chinese herbal medicines which are effective against
fungal infections. Experimental studies have demon-
strated that the Chinese herbal medicines including
Acorus gramineus, Phellodendron chinensis, and Cassia
obtusifolia have inhibitory effects on fungi, and that the
compatibility of Chinese herbal medicine can be effective
in enhancing the efficacy, expanding the scope of treat-
ment, and reducing drug toxicity (Shuang et al., 2021).
Therefore, the experiment was purposed to explore the
inhibitory effects of four Chinese herbal mixtures com-
posed of Acorus gramineus, Phellodendron chinensis,
and Cassia obtusifolia on Aspergillus flavus and Asper-
gillus fumigatus, thus contributing new ideas to the
development of anti-aspergillus drugs.
MATERIALS AND METHODS

This study was approved by the Experimental Animal
Ethics Committee of Hebei Agricultural University.
Extraction of Chinese Herbal Medicine

Acorus gramineus, Phellodendron chinensis, and Cas-
sia obtusifolia were provided by Anguo Medicinal Mate-
rials Wholesale Market in Baoding City, Hebei
Province. At the ratio of 1:1, Acorus gramineus and
Phellodendron chinensis were prepared into Chinese
medicine mixture 1, Acorus gramineus and Cassia obtu-
sifolia were prepared into Chinese medicine mixture 2,
Phellodendron chinensis and Cassia obtusifolia were pre-
pared into Chinese medicine mixture 3, while Acorus
gramineus, Phellodendron chinensis, and Cassia obtusi-
folia were prepared into Chinese medicine mixture 4.

First, the massive Chinese medicinal materials were
crushed to a weight of 100 g. Second, it was soaked in a
60% ethanol solution at a ratio of 1:10 and placed at
ambient temperature for 24 h. Third, it was arranged in
an ultrasonic extractor for ultrasonic extraction to be
performed 3 times at 45°C for 15 min. Fourth, the resi-
due was placed into a vacuum filter bottle before being
sucked and filtered twice. Finally, the supernatant was
poured into 80°C rotary evaporator, with the concentra-
tion up to 2 g/mL, and then placed at 4°C for use.

Animal Regression Test

The research on live animals complies with the guide-
lines approved by the institutional animal care and use
committee. A total of 20 healthy 10-day-old Hy-Line
gray layers were used for animal regression test, with a
mixture of Aspergillus flavus and Aspergillus fumigatus
applied to the nasal cavity of laying hens for 7 d for sub-
sequent dissection. By observing whether the organs are
diseased, the pathological sections of the diseased parts
were made for histological observation.

Determination of MIC80

The MIC80 of Chinese herbal medicines were deter-
mined with the M27-E4 (Reference Method for Broth
Dilution Antifungal Susceptibility Testing of Yegots:
approved standard − Fourth Edition) standard compiled
by the Clinical and Laboratory Standards Institute. A
96-well plate microdilution method was adopted to deter-
mine the value of MIC80. In addition, the concentration
of Aspergillus fumigatus and Aspergillus flavus was
reduced to 102 CFU/mL for later use. With 2 g/mL Chi-
nese medicine diluted in 8 concentrations, that is, 1024
mg/mL, 512 mg/mL, 256 mg/mL, 128 mg/mL, 64 mg/mL,
32 mg/mL, 16 mg/mL, 8 mg/mL, there were 3 replicates
produced for the respective concentration. Furthermore,
100 mL Chinese medicinal liquid and 100-mL bacterial
liquid were added to the traditional Chinese herbal medi-
cine tested wells, whereas Chinese herbal medicine liquid
was not added to the positive control and negative con-
trol wells. Besides, 100-mL SDA liquid medium and 100-
mL bacterial liquid were added to the positive control
well, and 200-mL SDA liquid medium was added to the
negative control. The produce was placed into a spectro-
photometer to measure its OD630 value. Then, its OD630
value was measured after 48 h of incubation.

Drug Sensitivity Test of Each Herbal
Medicine

The Chinese herbal medicines of different concentra-
tions were mixed with SDA medium, while the diameter
and number of colony growth were recorded to deter-
mine the antibacterial effect of Chinese herbal medicine
on Aspergillus flavus and Aspergillus fumigatus. Before
being poured into a petri dish to cool, the Chinese herbal
medicine solution was diluted at a concentration of
2 g/mL with SDA medium into a Chinese herbal medi-
cine mixture at 256 mg/mL, 128 mg/Ml, and 64 mg/ml.
The bacterial solution was diluted to 101 CFU/mL with
normal saline, and 100 mL of the bacterial solution was
drawn into the Chinese herbal medicine mixed medium.
Then, the colony growth status was observed at 24 h, 48
h, 72 h and 96 h, respective, with the number and diame-
ter of the colony recorded.
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Animal Infection and Treatment Test

The laying hens were divided into 5 groups. To be spe-
cific, the first one was a blank control group, the second
one was a protection group fed with Chinese herbal med-
icine before the infection test, the third one was a test
group only with infection, the fourth one was fed with
Chinese herbal medicine after the infection, and the last
one was the treatment group fed with the western medi-
cine fluconazole after the infection. Except for the first
group comprised of 6 chicks, there were 11 chicks in each
of other groups. Prior to the infection test, the third
group of laying hens were fed with Chinese medicine
mixture 1 according to the daily feed amount £ 1.5%,
while those in the other groups were fed as normal. After
7 d, all chicks except those in the first group were tested
for infection by wiping the fungal liquid in the nasal cav-
ity with cotton swabs. The infection persisted for 7 d
until the chicks became symptomatic. Finally, the fourth
group of chicks was fed with Chinese medicine mixture 1
according to the daily feeding amount £ 1.5%, the fifth
group of chicks was fed fluconazole, and the other groups
were fed as normal. After 7 d, all laying hens were dis-
sected to observe the diseased organs. Then, serum and
liver tissue were collected, while GOT and GPT were
detected according to the kit instructions. Finally, blood
smears were prepared.
Data Analysis

All of the experiments were repeated at least three
times, with the results expressed as means § SE. Statisti-
cal analyses were conducted using the SPSS soft-ware
package V11.5 (SPSS Inc., Chicago, IL). All data were
processed through one-way analysis of variance
(ANOVA) to determine the differences between these
groups. In this study, P < 0.01 is treated as extremely sig-
nificant and P < 0.05 is treated as significantly different.
RESULTS AND DISCUSSION

Aspergillus infection is still posing a major threat to
the health of both animals and humans. The inhalation
of Aspergillus spores can lead to colonization, allergic
manifestations, or invasive infections, the severity of
which is determined by such factors as the immunity of
the host, long-term neutropenia, allogeneic hematopoi-
etic stem cell transplantation, solid organ transplanta-
tion, genetic or acquired (Patterson et al., 2016).
Aspergillus flavus and Aspergillus fumigatus have differ-
ent pathogenicity to animals, poultry are very sensitive.
After infection, the chicks exhibited such symptoms as
low spirits, the loss of appetite, light green and loose
stools, and the instability to stand. According to histo-
logical observation, there was evident granulomatous
lesions in the liver of the chicks (Figure 1A). Studies
have revealed that granulomas resulted from the macro-
phage infiltration caused by various pathogen infections,
which are the typical symptoms of fungal infections
(María et al., 2003). Aspergillus flavus and Aspergillus
fumigatus can take different forms in different media.
Aspergillus flavus grows fastest in SDA medium. The
hyphae are long and thin. The culture starts to turn yel-
low and then yellow-green. It is dark green, resembling
fluffy filaments. Therefore, SDA medium was adopted
for in vitro drug sensitivity test.
As suggested by the in vitro drug susceptibility

test, Mixture 1 produced a significant inhibitory
effect on Aspergillus flavus and Aspergillus fumigatus.
The OD630 value of the 4 Chinese herbal medicine
mixtures diminished gradually with an increase in the
concentration of Chinese herbal medicine. Mixture 1
inhibited 80% of the colonies of Aspergillus flavus
and Aspergillus fumigatus at a lower concentration of
4 mg/mL, and the colony diameter of mixture 1 was
the smallest in the petri dish of the same concentra-
tion during the medium drug sensitivity test. By
comparing the MIC80 of Aspergillus flavus and Asper-
gillus fumigatus and the colony growth diameter in
the culture medium of different concentrations, it was
discovered that the MIC80 of Aspergillus fumigatus
mixture 1 was smaller than that of Aspergillus flavus,
while the concentration of inhibiting the growth of
Aspergillus fumigatus colony in the culture medium
was lower than that of inhibiting the growth of
Aspergillus flavus. As by indicated by the concentra-
tion, the inhibitory effect of mixture 1 on Aspergillus
fumigatus was higher than that of Aspergillus flavus
(Table 1). It has been demonstrated in some studies
that Acorus gramineus and Phellodendron chinensis
contain volatile oil active ingredients, and that their
a-asarone and acateroneare-c synergistically antifun-
gal can exert a significant inhibitory effect on Can-
dida albicans (Wang et al., 2020). It is thus
suspected that these 2 chemical components can pro-
duce an antibacterial effect on Aspergillus flavus and
Aspergillus fumigatus.
Animal experiments were performed to further

explore the preventive and therapeutic effects of Mix-
ture 1 on the chickens infected with Aspergillus flavus
and Aspergillus fumigatus. Aspergillus flavus and Asper-
gillus fumigatus can produce mycotoxins in large
amounts, which is detrimental to animals and poultry.
It is known that the percentage of hepatocellular carci-
noma in the world with a potential link to aflatoxin in
the diet ranges from 5 to 28%. The active content of
GOT and GPT is considered as an important biochemi-
cal indicator used for the detection of liver tissue dam-
age. As suggested by the test results, the active content
of GOT and GPT in the liver tissue and serum of the
chickens was significantly higher for group 3 than for the
other groups, with the mortality rate in group 3 reaching
the maximum. In contrast, the level of GOT and GPT
activity and mortality of chickens was the lowest for
groups 2 and 4 (Table 2). It can be seen that Aspergillus
flavus and Aspergillus fumigatus caused liver damage to
chickens, while Mixture 1 produced a preventive and
therapeutic effect on liver damage.
Playing an important role in immunity for the body,

white blood cells can swallow foreign bodies, which is



Figure 1. Animal regression test, in vitro drug susceptibility test of Aspergillus flavus and Aspergillus fumigatus, as well as animal infec-
tion control test. (A) Normal liver; a, Chicks infected with pathogenic bacteria; b, c, e, f, Pathological observation of diseased liver; d, Liver
disease in chicks; 1, Lesion; (B) the colony growth status and diameter of Aspergillus flavus in a medium with a concentration of 64 mg/mL
for 72; a, Mixture 1; b, Mixture 2; c, Mixture 3; d, Mixture 4; e, Blank; f, Colony diameter chart; (C) the colony growth status and diameter
of Aspergillus fumigatus in a medium; a, Mixture 1 petri dish with a concentration of 4 mg/mL; b, Mixture 2 petri dish with a concentration
of 16 mg/mL; c, Mixture 3 petri dish with a concentration of 16 mg/mL; d, Mixture 4 petri dish with a concentration of 4 mg/mL; e, Blank;
f, Colony diameter chart; (D) results of blood smear test on animal contamination; a, 1, Neutrophils; b, 2, Monocyte; c, 3, Monocyte. 4,
Thrombocytes.
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Table 2. GOT and GPT activity content and white blood cell count results of chicks in each group.

Group Liver tissue GOT (U/L) Serum GOT (U/L) Liver tissue GPT (U/L) Serum GPT (U/L) White blood cell count

1 66.33 § 5.41a 30.81 § 2.56a 8.06 § 1.89a 7.66 § 0.62a 7.32 § 0.29a

2 134.05 § 30.57b 49.98 § 2.97b 23.74 § 0.89c 17.74 § 2.36b 17.6 § 5.14b

3 94.08 § 7.81a 37.09 § 4.75a 18.81 § 3.09b 13.99 § 4.83b 9.38 § 0.84ab

4 91.98 § 2.14a 37.56 § 7.38a 20.85 § 2.44bc 14.23 § 2.30b 12.6 § 1.91ab

5 89.63 § 6.86a 36.67 § 1.37a 19.80 § 0.76bc 15.66 § 1.99b 13.9 § 1.27ab

Abbreviations: GOT, glutamic oxaloacetic transaminase; GPT, glutamate pyruvic transaminase.
abcDifferent lowercase letters in the same column of data indicate significant differences (P < 0.05), and the same lowercase letters indicate insignificant

differences (P > 0.05).

Table 1. MIC80 determination results of Aspergillus flavus and Aspergillus fumigatus (n = 3).

Mixture 1 Mixture 2 Mixture 3 Mixture 4

MIC80 Aspergillus fumigatus (mg/mL) 4 128 16 16
MIC80 Aspergillus flavus (mg/mL) 16 64 64 32

Note: MIC80 means comparing with the negative control, the lowest drug concentration with an OD630 value declining more than 80%.
Abbreviation: MIC, minimum inhibitory concentration.
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significant to resisting the invasion of pathogenic bacte-
ria and maintaining immunity to diseases. As one of the
important components of the body's nonspecific immu-
nity, neutrophils can not only eliminate pathogenic
microorganisms, but also aggravate the damage caused
to ischemia-reperfusion tissues or organs (Alex et al.,
11AD). According to the results of white blood cell
count, the number of white blood cells in the chicks from
the infection group was the highest, with no significant
difference shown between the Chinese medicine protec-
tion group and the control group (Table 2). After the
chickens were infected in the test, neutrophils exhibited
an increasing trend in the blood smear, with the immune
system of the chickens stimulated by Aspergillus flavus
and Aspergillus fumigatus.

In some studies, it has been suggested that Chinese
herbal medicine is effective in promoting the develop-
ment of the immune organs of poultry, enhancing the
phagocytic function of macrophages, regulating specific
immune responses, and improving mucosal immune
function. Therefore, it is necessary to study the mecha-
nism of action in depth. To sum up, this research pro-
vides an experimental basis for the development of
natural residue-free prevention and treatment of Asper-
gillus flavus and Aspergillus fumigatus.
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