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The aim of this study was to assess antimicrobial effect of an Aloe vera fermented 
Hericium erinaceum (HE) KU-1 condensate mixture (ALOHEM) using in vitro and 
in vivo models of food borne pathogens and Helicobacter pylori. The presence of 
ALOHEM effectively inhibited in vitro growth of food borne pathogens such as E. coli 
O157:H7, S. aureus, L. monocytogenes, and S. enteritidis, whereas it did not inhibit the 
growth of S. enteritidis in pH 7.2. The results of in vivo antimicrobial effects against S. 
enteritidis and H. pylori showed ALOHEM decreased the viable bacteria found in the 
feces and the mortality rate in S. enteritidis-infected mice. However, it did not affect 
gastric colonization of bacteria and histopathological lesions in H. pylori-infected 
mice, which is able to colonize the stomach by increasing the gastric pH through its 
urease production. These findings showed ALOHEM might have antimicrobial ability 
by decreasing pH.
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Introduction
Aloe vera is most commonly known representative of aloe which 

belongs to the Liliaceae family and has been used as a remedy in 
many cultures. It is short-stemmed perennial and has leaves with 
sharp thorns. Aloe contains ingredients such as aloe ulcin, alomicin, 
aloetin, and aloesin, so it is widely known to have effects for anti-
ulcer, anticancer, antiviral, antibacterial, and antifungal [1]. Hericium 
erinaceus is an edible mushroom and is used for gastrointestinal 
diseases by regulating gut microbiota and immune system [2]. It has  

 
the rich diterpenoid compounds, steroids, and polysaccharides and 
is known to have the antimicrobial activities against Helicobacter 
pylori, a human gastrointestinal pathogen [3,4]. As such, the mixture 
of the mycelium of Aloe vera and Hericium erinaceus was expected 
to have a strong antimicrobial effect, but it has not been studied yet. 
Therefore, we aimed to study the antimicrobial effects of Aloe vera 
fermented Hericium erinaceum KU-1 for food borne pathogens and 
Helicobacter pylori in vitro and in vivo.
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Food borne pathogens, such as E. coli, Salmonella and 
Listeria, are major causes of gastrointestinal disease worldwide. 
Enterohemorrhagic E. coli O157:H7 causes hemorrhagic colitis, 
which is occasionally complicated by hemolytic uremic syndrome 
[5-7]. It is estimated that E. coli O157:H7 infection causes over 
73,500 cases of illness each year in the United States [8]. Salmonella 
spp. are facultative intracellular organisms that grow primarily 
inside the macrophages of the liver and spleen. S. enterica serovar 
Typhimurium is the most commonly isolated Salmonella serotype, 
accounting for 23% of laboratory confirmed Salmonella cases 
among the more than 1.4 million infections each year in the United 
States [9]. This infection is characterized by clinical symptoms such 
as fever, abdominal pain, and diarrhea in both animals and humans. 
Listeria monocytogenes is a gram-positive intracellular bacterium 
that is normally nonpathogenic in healthy individuals. However, 
in pregnant women, newborn infants, the debilitated elderly or 
immunocompromised people, it may cause severe clinical disease 
including meningoencephalitis, septicemia, or abortion [10-15]. 

It is estimated that L. monocytogenes infection causes about 
2,000 to 2,500 cases of illness and as many as 500 deaths per year 
in the United States [16]. Helicobacter pylori is characterized by its 
typical corkscrew-like appearance and is at least twice as long as H. 
heilmannii [17], with a low infection rate of 0.08-1.0 % in humans 
[18,19]. Its infection has been described mostly in relation to 
chronic gastritis [20,21], gastric ulcers [22] adenocarcinoma [23] 
and MALT lymphoma [24] in men. Antimicrobial chemotherapeutic 
agents have been widely used to control these gastrointestinal 
infections. However, widespread use of antibiotics is now being 

discouraged due to problems including the emergence of drug-
resistant strains and chronic toxicity [25]. In addition, antibiotics 
are often responsible for acute diarrhea due to the loss of normal 
intestinal microbes and the protection they provide against 
pathogenic organisms [26]. As alternatives, Hericium erinaceum 
(HE) such as KU-1 and their mycelium have been administered. 

It is well known as lion’s mane or monkey head mushroom have 
health-promoting attributes including antimicrobial properties 
[27-29], immunomodulation [30-33], anti-tumor characteristics 
[34-36], and hypocholesterolemic effects [37,38]. These findings 
have caught the attention of nutrition, food, and microbiology 
scientists and have heightened interests to produce functional 
foods.  We isolated HE KU-1 and their mycelium from Pterocarpus 
indicus, and Cyclobalanopsis spp. This HE KU-1 was fermented in 
an appropriate Aloe vera broth, condensed by vacuum evaporation, 
and mixed with equal doses of each pathogenic strain. In this study, 
the antimicrobial effects of this HE KU-1 fermented condensate 
mixture (ALOHEM) were evaluated using in vitro and in vivo models 
of food borne pathogens and Helicobacter pylori.

Materials and Methods
Microorganisms

E. coli O157H:7 ATCC 43894 (American Type Culture Collection, 
Rockville, MD, USA), Salmonella enteritidis CCARM 11066 (Culture 
Collection of Antibiotic Resistance Microbes, Seoul, Korea), 
Staphylococcus aureus (KFRI 240, Korea Food Research Institute, 
Wanju-gun, Jeollabuk-do, Korea), and Listeria monocytogenes ATCC 
19115 and ATCC 51774, were used as pathogenic strains.

Mycelial Culture

Figure 1: Manufacturing process of ALOHEM.

https://dx.doi.org/10.26717/BJSTR.2022.41.006544
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The preparation process of ALOHEM is as shown in Figure 1. HE 
KU-1 mycelium was maintained on solid Ko medium [39] which is 
composed of glucose 18.02 g, arginine 2.613 g, ammonium acetate 
2.613 g, CaCl2 0.33 g, KH2PO4 8.5 g, MgSO4·7H2O 2.0 g, FeSO4·7H2O 
0.02 g, ZnSO4·7H2O 0.02 g, MnSO4·7H2O 0.02 g, agar 18.0 g and 
distilled water 1 L at pH 4.5~5.0. A single colony of each HE KU-1 
mycelium was inoculated into 10 mL of the Ko broth in a 15 mL 
conical tube and cultured in a shaking incubator (NB 205, N-Biotec, 
INC., Bucheon, Kyoungki-Do, Korea) at 200 rpm and 28℃ for 2~3 
days [39] HE KU-1 mycelia were fermented in Aloe vera broth on a 
jar-fermenter (CelliGen 115, Eppendorf, INC., NY, USA) at 150 rpm, 
28℃ for 3~4 weeks. 99% of Aloe vera extract (Aloe vera gel W®, 
KimJeong Moon Aloe Ltd., Jeju-Do, Korea) was tested.

Preparation of Aloe vera Fermented Hericium erinaceum 
KU-1 Condensate Mixture (ALOHEM)

Following fermentation period of 3-4 weeks at 25~28°C, the 
HE KU-1 mycelia were isolated from a single colony and tested for 
their inhibitory effects on various food-borne pathogens. The HE 
KU-1 mycelia were removed by centrifugation at 2,700 × g for 30 
min and the fermented media was concentrated 20 fold into a solid 
content by vacuum evaporation. Each concentrated medium was 
mixed with an equal weight of Aloe vera extract and lyophilized. The 
final ALOHEMs were prepared by mixing each condensate of equal 
weight and stored at 4℃ until use.

Animals

Five-week-old specific pathogen-free (SPF) female BALB/c mice 
(Seoul National University Laboratory Animal Center, Seoul, Korea) 
for S. enteritidis infection and ICR mice (Daehan-Biolink, Chungbuk, 
Korea) were used for H. pylori infections. They were housed in 
polycarbonate cages in isolators and fed a commercial pellet diet 
with water ad libitum. Food and water were removed from the 
cages 5 hours prior to inoculation of the bacteria and/or ALOHEM. 
All animal experimentation was performed in accordance with the 
laboratory animal guidelines of Korea University (Seoul, Korea).

In vitro Assessment of Antimicrobial Effects of the 
ALOHEM

Each pathogenic strain was grown to an optical density (OD) 
of 0.8-1.0 at 600 nm. Briefly, 200 µL of each bacterium was added 
to conical tubes containing 10 mL of appropriate concentrations 
(0, 1.25, 2.5, 5, 10 %) of the ALOHEM in TS broth and incubated 
with shaking at 200 rpm and 37℃. And 1 mL of each culture was 
taken at 0, 1, 2, 3, 4, 6, and 8 h post incubation and centrifuged at 
5,000 rpm for 10 min. The supernatants were discarded and the 
bacterial cells were floated in 1 mL of fresh TS broth. Finally, the 
OD was measured at 600 nm. This process was repeated once. To 

determine whether the antimicrobial effects of the ALOHEM are 
due to pH, tubes containing various concentrations of the ALOHEM 
were adjusted to pH 7.2 by the addition of NaOH. Subsequently, 200 
µL of cultured S. enteritidis was added to each tube and incubated 
at 37℃. OD was measured at 0, 2, 4, 6, and 8 h post incubation using 
the same method as the sample preparation described above. This 
process was not performed against the other pathogens.

In vivo Assessment of Antimicrobial Effects of the 
ALOHEM

For S. enteritidis infection models, 1 mL containing 5 × 107 
CFU of S. enteritidis was added to each tube containing 9 mL of the 
ALOHEM at various concentrations (2.5, 5, and 10%) or of the TS 
broth (positive control), vortex-mixed, and used as inocula. The 
mice were immediately administered with 0.5 mL of each inoculum 
(2.5 × 106 CFU of S. enteritidis per mouse) via the intragastric route 
while the negative control mice were administered with the same 
volume of TS broth. Subsequently, the mice of each treated group 
were administered with 0.5 mL of ALOHEM of their respective 
concentration once a day for 4 days and the mice of positive and 
negative groups received 0.5 mL of TS broth. Bacteria from fecal 
samples were counted by plating on XLD (Difco) agar at 12 h, 1, 2, 
3, and 4 days post-inoculation (pi) days and mortality was checked 
at 21 days pi.  

H. pylori originating from pig’s stomach had been kept in the 
gastric passage of mice [40]. Three H. heilmannii-infected mice 
were necropsied by cervical dislocation and the stomachs were 
collected. They were carefully opened and the gastric content 
was removed by washing with sterile phosphate buffered saline 
(PBS). The stomachs were then added to a conical tube containing 
10 mL of sterile PBS, electrically homogenized (Ultra-turrax T25, 
Ika, Staufen, Germany), and the resulting mixture was used as an 
infective inoculum. Then 1 mL of the infective inoculum was added 
to each tube containing 9 mL of 2.5, 5, and 10% ALOHEM or TS broth 
(positive control), respectively, and vortex-mixed. The mice were 
immediately administered 0.5 mL of each inoculum intragastrically 
while the negative control mice were administered the same 
volume of TS broth. Subsequently, the mice of each group were 
administered 0.5 mL of each concentration of the ALOHEM once 
a day for 2 months pi, at which time all mice were euthanized by 
cervical dislocation and necropsied. Their stomachs were collected, 
opened, and the gastric contents were removed as described above. 
The gastric samples were then fixed in 10% buffered formalin for 24 
h, processed, and embedded in paraffin wax as standard protocol. 
Sections measuring 2 micrometers each were prepared and stained 
with hematoxylin and eosin (H&E) and modified Steiner’s silver 
stain (Sigma, St. Louis, MI, USA) for histopathological examination 
and for the detection of H. heilmannii, respectively.

https://dx.doi.org/10.26717/BJSTR.2022.41.006544
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Results
Antimicrobial Effects in vitro of Various Concentration of 
ALOHEM

The ability of the ALOHEM to inhibit the in vitro growth of 
food-borne pathogens was evaluated and the results are shown in 
Figure 2. Just before the pathogens were added to each tube, the 
pH levels of the solutions were measured at 4.03 (10% ALOHEM), 
4.32 (5% ALOHEM), 4.96 (2.5% ALOHEM), 6.02 (1.25% ALOHEM), 

and 7.24 (0% ALOHEM). The growth of all strains except E. coli 
O157:H7 was completely inhibited by the presence of the ALOHEM 
at concentrations above 2.5%. All strains except L. monocytogenes 
ATCC 51774 began to grow in the broth containing the concentration 
of 2.5% ALOHEM 2 to 4 h post incubation, although the growth rate 
was lower than that of the control broth (0% ALOHEM) (Figure 2A-
2E). However, when the pH of the broth was adjusted to 7.2, the 
presence of the ALOHEM at any concentration did not inhibit the 
growth of S. enteritidis at all (Figure 2F). 

Figure 2: In vitro growth of E. coli O157:H7 (A), S. aureus (B), L. monocytogenes ATCC 19115 (C), L. monocytogenes ATCC 51774 
(D), S. enteritidis (E) was inhibited by the presence of ALOHEM. Data show the mean value of two experiments performed. At 
the initial time of experiment, the pH of each broth containing 0% (-■-), 1.25 % (-▲-), 2.5 % (-ⅹ-), 5 % (-◆-), and 10 % (-●-) 
ALOHEM was 7.24, 6.02, 4.96, 4.32, and 4.03, respectively. Another experiment was performed to clarify the effects of pH on 
the antimicrobial ability of the ALOHEM (F). Each broth containing the different concentrations of the ALOHEM was adjusted 
to pH 7.2 with NaOH. Because the ALOHEM brings about a brown hue, optical density depended on the concentration of the 
ALOHEM at the start of the experiment (0 h).

https://dx.doi.org/10.26717/BJSTR.2022.41.006544
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Bacteria Count Evaluation by ALOHEM

Antimicrobial effect of the ALOHEM against S. enteritidis and 
H. heilmannii infection was assessed in BALB/c and ICR mice, 
respectively. Table 1 shows the viable bacterial count from the fecal 
samples. The number of isolated bacteria was dose-dependently 
less in the mice inoculated with an admixture of the ALOHEM and 

the bacteria than in the mice that received only the bacteria (positive 
control). However, bacteria were steadily isolated in the mice that 
received 2.5% and 5% ALOHEM over the first 4 days. Bacteria were 
isolated from only one mice of the group administered with 10% 
ALOHEM 4 days following injection. The limitation of the bacterial 
count was 4.00 log10 CFU/g feces. 

Table 1: Bacterial counts from fecal samples.

Treated with
Log10 CFU/g feces

12 h 1 d 2 d 3 d 4 d

Positive control 5.40-5.61 (5)a 4.60-6.09 (5) 4.84-5.61 (5) 5.32-5.61 (5) 4.60-6.36 (5)

Bact in 2.5% ALOHEM 4.00-5.25 (4) 4.00-4.84 (4) 4.48-5.04 (5) 5.20-5.67 (5) 4.00-5.18 (5)

Bact in 5% ALOHEM 4.30-4.84 (5) 4.00-4.30 (2) 4.30-4.60 (2) 4.30-4.78 (4) 4.00-4.60 (3)

Bact in 10% ALOHEM 0 (0) 0 (0) 0 (0) 0 (0) 4.00 (1)

aValues in parentheses represent the number of mice from which bacteria were isolated. All groups originally consisted of five mice.

Assessment of Mortality by ALOHEM

Mortality was assessed for 28 days pi. Daily administration of 
the ALOHEM or TS broth in each group was terminated when the 
first mortality occurred in the positive control group on day 5 pi. 
All mice of the positive control group died within 7 days of injection 

(Figure 3). Although all mice in the 2.5 and 5% ALOHEM treated 
group eventually died, mortality occurred between 9- and 11-days 
pi, later than that of the positive control group. Within the 10 % 
ALOHEM treated group, one mouse died on day 14 pi and another 
on day 18 pi, while the rest survived until 21 days pi (Figure 3). 

Figure 3: Mortality of the mice dosed with S. enteritidis throughout the experimental periods; the positive control group (-■-), 
2.5 % (-▲-), 5 % (-ⅹ-), and 10 % (-●-) ALOHEM treated groups.

The Histopathological and Microbiological Findings

Table 2 summarizes the histopathological and microbiological findings. The results show that the use of ALOHEM did not suppress the 
bacterial colonization and histological lesions in the stomach at all. 

https://dx.doi.org/10.26717/BJSTR.2022.41.006544
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Table 2: Histopathological and microbiological findings of the mice stomachsa.

Groups
Histopathological Findings

MicrobiologycInflammationb

Lymphoid Follicles Cystic Change
Fundus Pylorus

Negative control 0/6 0/6 0/6 0/6 0/6
Positive control 6-May 6-Mar 6-May 6-Mar 6-Jun

treated with

2.5% ALOHEM 6-Jun 6-Mar 6-Apr 6-Mar 6-Jun
5% ALOHEM 6-Apr 6-Apr 6-Apr 6-Feb 6-Jun

10% ALOHEM 5-Apr 5-Mar 5-Apr 5-Mar 5-May
aexpressed as number of detected mice/ number of tested mice.
bconsisted of infiltration of mononuclear cells in lamina propria and submucosa.
cassessed by Steiner’s silver stain.

Histological Lesions

Figure 4: Marked colonization (arrows) of H. heilmannii in the lumen of the gastric glands of (A) a positive control mouse and 
(B) a mouse inoculated with an admixture of 10% ALOHEM and H. heilmannii. (C) Infiltration of mononuclear cells and (D) 
presence of lymphoid follicle in the submucosa of the gastric body of mice inoculated with the admixture of 10% ALOHEM 
and H. heilmannii. A, B, C; Bar = 250 m, D; Bar = 62.5 m.

https://dx.doi.org/10.26717/BJSTR.2022.41.006544


Copyright@ Dong Myong Kim | Biomed J Sci & Tech Res | BJSTR. MS.ID.006544.

Volume 41- Issue 1 DOI: 10.26717/BJSTR.2022.41.006544

32347

Regardless of the concentration of the ALOHEM treatment, 
marked colonization of H. heilmannii was observed in the lumen of 
the gastric glands, gastric pits, mucosal surfaces, and intercellular 
spaces of all infected mice (Figure 4A&4B). Histological lesions 
such as the formation of lymphoid follicles, cystic changes, and 
mild inflammation in the mucosa or submucosa were randomly 
observed (Figure 4C&4D). No bacteria and histological lesions were 
observed in the negative control group.

Discussion
Many studies have recently shown that Hericium erinaceum 

have antimicrobial effects. The potential mechanisms by which 
mushrooms might exert their antimicrobial activity includes the 
production of hericenone, other metabolites such as hydrogen 
peroxide and short chain fatty acids, and specific antimicrobial 
compounds such as antibiotics [41,29,38]. In the present study, we 
have shown that the ALOHEM effectively inhibits the in vitro growth 
of enteropathogens such as E. coli O157 H:7, S. enteritidis, S. aureus, 
and L. monocytogenes. In vivo experimentation also revealed that 
the presence of 10% ALOHEM increased the survival rate of mice 
infected with S. enteritidis. In addition, the survival time of the 2.5 
and 5% ALOHEM groups was extended beyond that of the positive 
control group, even though all mice died within 11 days pi. 

This might be because the presence of 2.5 and 5% ALOHEM did 
not completely inhibit the growth of S. enteritidis and the bacterial 
growth rapidly progressed after the ALOHEM administration was 
terminated (4 days pi). Also, the presence of the ALOHEM did not 
inhibit the colonization of H. heilmannii in the stomach. These 
divergent results made it difficult to identify the antimicrobial 
mechanism of the ALOHEM. We first considered the low pH due to 
the hericenone as the factor, because the pH of each broth was in 
inverse proportion to the concentration of the ALOHEM. Based on 
this consideration, the pH of each broth was adjusted to 7.2 by the 
addition of NaOH and 200 µL of an overnight culture of S. enteritidis 
was subsequently added to each broth. As a result, bacterial growth 
was not inhibited in any of the broths. This finding indicates that the 
antimicrobial effects of the ALOHEM might be due to low pH, which 
is also the reason that the presence of the ALOHEM did not inhibit 
the colonization of H. heilmannii in the stomach. H. heilmannii is 
able to colonize the stomach by increasing the gastric pH through 
its urease production. 

Therefore, it is likely that H. heilmannii mixed with 10% 
ALOHEM could survive at a low pH level by producing urease and 
colonizing the stomach. Previous findings [41] have shown that 
some hericenone produce by Hericium erinaceum spp, although 
able to inhibit a variety of pathogenic bacteria, do not inhibit the 
growth of both Salmonella sp. and Vibrio cholerae, when the effect 
of acids was excluded. Our preliminary study also shows that long 

periods of ALOHEM administration did not affect clinical signs, 
or the gross and histopathological lesions of the mice (data not 
shown), indicating that its ingestion might not pose health risks to 
humans and in fact be effective in preventing infections due to food 
borne pathogens.

Conclusion
This study was investigated the antimicrobial effect of an Aloe 

vera fermented Hericium erinaceum (HE) KU-1 condensate mixture 
(ALOHEM) using in vitro and in vivo models of food borne pathogens 
and Helicobacter pylori. The presence of the ALOHEM effectively 
inhibited in vitro growth of food borne pathogens such as E. coli 
O157:H7, S. aureus, L. monocytogenes, and S. enteritidis. However, 
when the pH of the broth was adjusted to 7.2, the ALOHEM did not 
inhibit the growth of S. enteritidis at all. The in vivo antimicrobial 
effects of the ALOHEM against S. enteritidis and H. pylori were also 
assessed. In S. enteritidis-infected mice, the ALOHEM decreased 
the viable bacteria found in the feces and the mortality rate. 
However, it did not affect the gastric colonization of bacteria and 
histopathological lesions in mice infected with H. pylori, which is 
able to colonize the stomach by increasing the gastric pH through 
its urease production. These findings showed that the ALOHEM 
might have antimicrobial ability by decreasing pH.
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