
Zhang Rui et al. 

———————————————————————————————————————————————————

WWW.SIFTDESK.ORG 35 Vol-5 Issue-1 

SIFT DESK  

Accepted Date: 1st  Feb   2020; Published Date:20th Feb   2020 

ZhangRui1,2*,  ChenWei-Ling2,  HuangXing-Yun2, SunMei-Rong4, ZhangHong-Lian1,2 ,   

Cheng Weng Jie1 , WangRong Lian1,3,  DuHui1,2, LiaoYan1,2 

1Shenzhen Institute of Guangdong Ocean University, Shenzhen,   Guangdong518120, P. R. China; 

2 College of Food Science and Technology, Modern Biochemistry Experimental Center, Guangdong Ocean 

University, Zhanjiang, Guangdong 518088, P. R. China; 

3 College of Agriculture, Guangdong Ocean University, Zhanjiang, Guangdong 524088, P. R. Chi- na; 

4 Shenzhen GuiBao technology co. LTD 

 

CORRESPONDENCE AUTHOR 
Zhang Rui   
Email: zhangrui168@gdou.edu.cn 
 
CITATION 
Zhang Rui, New methods of mold control in animal specimens(2020)Journal of Earth Sciences & Environmen-
tal Studies 5(1) pp:35-43 
 
 
ABSTRACT 
Mold spores and hyphae infection is a serious problem and can lead to damage or loss of natural history speci-

mens. Animal specimens play an important role in cultural exchange, science popularization, scientific research 

and economic window, but the preparation and preservation technology system of biological specimens is rela-

tively unsafe and inefficient. Infection by Mold spores and hyphae is not only an acute problem that may cause 

damage or loss of specimens, but also is very harmful to human beings health and polluted to environment, It is 

one of the principal element that restricts the development of the natural history museums. In this paper,  identi-

fied the mold species of animal specimens by PCR with ITS primers, bio-microscopic observation, sequencing 

and phylogenetic tree analysis. The results showed the mold of animal specimens mainly belong to Aspergillus 

and Neurospora. than screened environmental friendly fungicides, the results show that both chitosan and nano 

silver can effectively inhibit the Aspergillus and Neurospora of animal specimens , the study provides a theoret-

ical basis for the study of the new specimen fungicides and the environmental safety of the  natural history mu-

seum  
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1.INTRODUCTION 

1.1 Current situation 

At present, there are many poisonous reagents 

used in preparation of animal specimens. Such as 

arsenic trioxide ( As2O3 ), Camphor, Phenol, 

Oxymethylene, and so on.  It is harmful to peo-

ple’s health and the environment of exhibition, 

such as conservation workers, and the general 

public.Mold is the most important role to damage 

the animal specimens [Fig1].  . Exposure to hot 

and humid environments has damaged speci-

mens. This environment has been especially hard 

on animals that have been taxidermied because 

of they have external skin, fur, internal fat, pro-

tein, and connective tissue , etc.,. Infection by 

mold spores and hyphae is an acute problem to 

animal specimens, which have been associated 

with many human beings serious health problems 

and environmental safety problems.  It would 

also lead to great loss of specimens in natural 

history collections. Because animal specimens 

are more precious than any other forms of bio-

logical specimens such as plants and other speci-

mens. They are very expensive, so it would be a 

huge economic lost if they were damaged. South 

China has been hot and humid climate for about 

8-10 months.  In Guangdong province, the annu-

al average relative humidity is 65-85%. Especial-

ly during the mold rains season, the relative hu-

midity often reached more than 90%, sometimes 

even was 100%. 

 

At present, there are many reports on the ancient 

cultural relics such as paper, ancient lacquer 

painting, silk cotton fabric, leather, ivory, bam-

boo, jade, pottery and porcelain, glass [1-4].  Re-

cently there have been a few reports on the mold 

that infected animal specimens. 

 

So, there are great challenges and difficulties in 

the most important techniques for sample collec-

tion, preparation and storage of animal speci-

mens. 

 

1.2 Mold Damage: The harmfulness of animal 

specimens Mold to Human beings 

The incidence and prevalence of serious mycoses 

continues to be a public health problem. 

 

Thousands of species of microscopic MOLD are 

common in the environment, these mold feed on 

dead organic matter, including natural history 

specimens.  The species involved Aspergillus, 

Penicillium, Geotrichum, Alternaria, 

Cladosporium, Mucor, Rhizopus, Trichoderma, 

Fusarium which are associated mostly with aller-

gic response of different types. At first, mold is 

harmful to human beings. Microbiological con-

tamination with mold, It not only can pose a sig-

nificant health hazard to those working in ar-

chives or museums[5], but also  could lead to 

many serious illness. The nose and paranasal si-

nuses almost always harbor numerous mold spe-

cies. Amongst the species recovered, many have 

the potential to produce mycotoxins including 

Aspergillus (flavus, niger,  fumigatus, versicol-

or), Chaetomium, Fusarium, Penicillium 

and  Trichoderma.  This group also found “mold 

elements (hyphae, destroyed hyphae, conidiae 

and spores)”. Mold and eosinophilic mucin are 

the markers of sinus involvement in the CRS pa-

tients[6]. Chronic Rhinosinusitis (CRS) , A pri-

mary concern was that exposure to high concen-

trations of Aspergillus spores may cause respira-

tory illness, particularly in individuals  that  are 

immunocompromised, it also led to endocrinopa-

thy with growth hormone deficiency; Dennis-

Robertson syndrome[7-9]. Molds and mycotox-

ins cause neurobehavioral and pulmonary impair-

ment as well as adverse health effects especially 

with allergies and asthma. [10-19]. So, it is very 

important to Characterize and analyze the mold 

of animal specimens. 
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1.3  Antibacterial mechanism of new  environ-

ment-friendly  anti-mildew agent 

1.3.1 Antibacterial principle of chitosan 

Chitosan is a kind of anti-microbial substance, which 

ACTS in the following ways: damage cell wall, 

change cell permeability, change protein and nucleic 

acid molecules, inhibit the action of enzymes, as an 

anti-metabolite, inhibit nucleic acid synthesis.About 

the antibacterial mechanism of chitosan and its deriv-

atives, from the point of the current study results, 

mainly include the following: (1) several possible 

molecular weight is less than 5000 kda chitosan can 

through the cell membrane, small molecular chitosan 

into the microbial cells, and cells negatively charged 

material (mainly proteins and nucleic acids), make 

the normal physiological function of the cell (such as 

DNA replication and protein synthesis, etc.), killing 

microorganisms.(2) chitosan of macromolecules ad-

sorbed on the surface of microbial cells, forming a 

layer of molecular membrane, preventing the 

transport of nutrients to cells, thus playing a bacteri-

cidal and bacteriostatic role.(3) the interaction be-

tween the positive charge of chitosan and the negative 

charge on the surface of the microbial cell membrane 

changed the permeability of the microbial cell mem-

brane and caused the microbial cell death.(4) chi-

tosan, as a chelating agent, selectively chelates metal 

ions that play a key role in microbial growth, thus 

inhibiting microbial growth and toxin production, 

which may be one of the reasons for the preservative 

and preservation function of chitosan.(5) chitosan can 

activate chitinase activity of the microorganism itself. 

When the concentration of chitosan is high enough, 

chitinase of the microorganism is overexpressed, 

leading to chitin degradation of its own cell wall, thus 

damaging the cell wall. 

 

1.3.2 Antibacterial principle of nano silver 

Nano silver is to achieve the particle size of nano sil-

ver powder, particle size is less than 100nm, general-

ly between 25 nm and 50nm.The silver nanoparticles 

directly enter the bacteria and combine with the oxy-

gen metabolism enzyme (-sh) to inactivate the en-

zyme and block the unique mechanism of respiratory 

metabolism that asphyxiates and kills the bacteria, 

which can kill most bacteria, fungi, molds, spores and 

other microorganisms it comes into contact 

with.Through the experiment, it kills more than 650 

kinds of bacteria such as graminella, graminella, fun-

gus, gonococci, chlamydia trachomatis and so on in a 

Figure1. There are many poisonous reagents used in preparation of animal specimens.  
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few minutes, and has broad spectrum sterilization 

without any drug resistance.The performance of sil-

ver nanoparticles is directly related to their particle 

size. The smaller the particle size is, the higher the 

valence state is and the stronger the bactericidal per-

formance is. The silver nanoparticles with the size of 

10nm can quickly and directly kill bacteria and make 

them lose the ability to reproduce.Silver nanoparti-

cles have super permeability, can quickly infiltrate 

under the skin 2nm sterilization, common bacteria, 

stubborn bacteria, drug-resistant bacteria and fungi 

caused by the deeper tissue infection have a good 

permanent sterilization effect.Nano silver non-toxic, 

tasteless, pollution-free, no skin irritation, no carcino-

genicity, no harm to human body. 

 

Nano-silver has been widely used in medical and san-

itary products, but no literature has been reported on 

its use in specimen preparation and preservation.With 

the development of nano-silver preparation technolo-

gy, the cost of nano-silver has been greatly reduced, 

so the price has been reduced to a reasonable level, it 

will be possible to use it in specimen preparation and 

preservation. 

 

2. MATERIALS & METHODS 

2.1 Experimental materials 

The mold samples were collected from animal speci-

mens of Shenzhen museum during December 2015-

March 2016. These specimens include porcupine, 

birds, turtles, antelope and deer. Because of the 

mould rainy day, there are plenty of mold exposed on 

them. (Figure 2) 

Figure2. The mold samples was collected from animal specimens.  

The chemical reagent was purchased from guang-

zhou xiangbo biotechnology co., LTD.  

 

2.2 Methods 

2.2.1 Mold cultured and isolated and microscopes 

observation 

PDA medium was used to culture and isolate the 

collected mold. Identification of the mold was con-

firmed by culturing swabs from infected specimens 

and examining mold hyphae with both light bio-

microscopes . 

 

The swabs were immersed and homogenized in a 

sterile physiological solution and serial dilutions 

were made. Each dilution was inoculated (0.1 ml) 

on MEA. After 2 days of cultivation at 25˚C, identi-

fication of the mold was performed. After 3 days of 

fostering, seemingly different mold colony grew on 

12 plates, A small sample from the middle of the 

colony was dug and transferred to new plate to cul-

ture the different colonies. Strains that were previ-

ous activated had a small amount of sterile water 

with the pipettor added. The mold was then extract-

ed from the solution and inoculated on a slant medi-

um. This was repeated. 

 

Then slightly digged a small piece of colony from 

the center of the same kind. Mold were transferred 

to a new plate one by one until separating into sin-

gle and stable colonies plates. Take strains previous-

ly activated and kept in the AGAR slant tube, added 

some amount (bacteriostatic ring according to the 

experimental plate number) of sterile water with the 

pipettor on the clean work platform, then moved the 

pipettor under the liquid level, absorbed a little liq-

uid and gently hit out, beat the mold on the inclined 

medium, let more mold into the suspension, make of 

the mold suspension. 

 

The mold was observed through bio-microscopic 

observation. A small amount mold hyphae was 

dropped onto the water slide to make a suspension. 
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At this point, the class slide was turned 45 degrees 

slowly to cover the mold to make observations of the 

bubbles. The slide was put on the staged and to ob-

serve the structure of the mold. Computer software 

was then used to characterize the mold. 

 

Cultural and micromorphological characteristics of 

mold colonies observation and identification was per-

formed through using identification ways. 

 

The collection consisted of deteriorated animal speci-

mens, including 12 species of animal specimens,  1. 

Porcupine 2.wood, 3.bird, 4.turtle, 5.antelope, 6 

deer1. 7. Deer2, 8.wale. 9.chimpanzee, 10. Raja po-

rosa 

 

2.2.2  PCR detection 

The isolated single colonies and ITS primers were 

used to do PCR(S1000 Thermal Cycler BioRad, 

USA). Primers were ITS1 and ITS4.  The mold DNA 

was amplified using the highly conserved fungal 

rRNA gene primers (ITS1F and ITS4) as White and 

Gardes previously described [20-22] . The sequence 

of ITS1F and ITS4 are 

 

ITS1F  5’-CTTGGTCATTTAGAGGAAGTAA-3’ , 

ITS4 5’-TCCTCCGCTTATTGATATGC-3’ 

 

PCR Reaction conditions was 94℃ predenatured for 

5 min, 98℃ denatured for 30s, 58℃ annealed for 30s, 

68℃ extended for 2-3 min. After the total 27 cycles, 

They were detect by agarose gel electrophoresis. 

 

2.2.3  Sequencing and phylogenetic tree analysis 

The isolated single colonies  were sent to ShangHai 

ShengGong Company, Ltd to be sequenced.  And the 

results were analyzed. Distance-matrix sequence 

alignment methods used Clustal W. Maximum likeli-

hood (ML) phylogenetic tree for the fungal Opera-

tional Taxonomic Units (OTUs) constructed based on 

fungal ITS gene sequences obtained using fungal spe-

cific primer set ITS1F/ITS4. These sequences result-

ed in 8 fungal Operational Taxonomic Units (OTUs) 

with ITS and 19 OTUs with 18S rDNA primer sets 

respectively by taking into account the 2% sequence 

divergence cut-off for species delineation. Topology 

was built using Mega v.5.03 from a ClustalW 1.83 

alignment. Numbers below branches indicate boot-

strap values (>50%) from 1,000 replicates. New se-

quence types are marked with triangle. B: Proportion-

al distribution of different fungal taxa in the clone 

library constructed with fungal specific primer set 

ITS1F/ITS4 

 

2.3 Mold suppression experiment 

Configured a certain concentration of chitosan and 

nano silver solution, At first coated the Purified 

mould liquid on a dish, then coated different concen-

trations of Mould inhibitors,  formaldehyde as a con-

trol, and then cultivate 24 to 48 hours (decision) ac-

cording to the bacterial growth status, microscope to 

observe the antibacterial effect. 

 

3. RESULTS & DISCUSSION 

3.1 Mold microscopic observation results 

Identification of the mold was confirmed by culturing 

swabs from infected specimens and examining mold 

hyphae both light bio-microscopes. Mold microscopic 

observation of 12 mold infected species were identi-

fied. 

 

The examined animal specimens in Shen Zhen muse-

um showed clear signs of biodeterioration. Superficial 

colonies of mold were clearly visible and abundant., 

A total of 12 mold species were identified from all 

analyzed samples with 12 taxa identified  (Figure. 3). 

Figure3. Mold hyphae microscopic observation that isolat-
ed from 12 mold that infected animal specimens. 

The mold hyphae was detected used 40 fold light bio-

microscopes, It need to improve the fold of bio-

microscopes, It would have better observation results. 
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3.2  Single colony-PCR detection 

Because the mold collected from the museum was 

mixed mold samples, they were still unable to deter-

mine the type and the single degree, so PCR was used 

for species  identification. The isolated single colonies 

were detected by PCR primers ITS1 and ITS4. The re-

sults showed that the DNA bands were right (Figure 4).  

Figure4. Colony-PCR, ITS  primer be used to identify 

of mold samples, 1-12 mold samples collected from 12 

spieces . 1. Porcupine 2.wood, 3.bird, 4.turtle, 

5.antelope, 6 deer1, 7. Deer2, 8.wall. 9.chimpanzee, 10. 

Raja porosa  

M: Marker, Del2000,  1-12 was the mold samples PCR 

that was collected from animal specimens. 

 

The above figure 5 was the electrophoresis stripes after 

the PCR amplification of 1 ~ 12 strains, could see the 

bright and clear 12 stripes from the figure, colony PCR 

experiment successfully copied the genetic material of 

12 strains. 

 

Twelve animal species mold samples DNA were ampli-

fied through colony PCR amplification. Then it were 

done the species identification. The results proved that 

the colony PCR experiments could be successfully used 

for species identification. 

 

Mold genetic materials were amplified in colony PCR 

expansion test and species identification was performed. 

The results proved that the colony PCR experiments 

could be successfully used for species identification. 

 

The figure 5 showed the electrophoresis bands after the 

PCR amplification of 1 ~ 12 strains,  It could be seen 

the bright and clear 12 bands from the figure, Colony 

PCR experiment successfully copied the genetic materi-

al of 12 strains. 

 

Colony PCR constructed based on fungal ITS gene se-

quences obtained using fungal specific primer set 

ITS1F/ITS4. But the general primers sometimes had 

some limited, It would have better PCR results after 

screening advanced specific primers[23]. 

 

3.3  Sequenced and analyzed, phylogenetic tree anal-

ysis 

The single isolated colony was sent to ShangHai Sheng-

Gong Company, Ltd to be sequenced.  The results were 

analyzed. Distance-matrix sequence alignment methods 

used Clustal W (Figure 5). The results showed the mold 

from animal specimens  mainly belong to Aspergillus 

and Neurospora. The results were benefit for different 

novel mold inhibitor screening according to the differ-

ent types of mold that molecular species identification.   

 

Phylogenetic tree for the fungal Operational Taxonomic 

Units (OTUs) constructed based on fungal ITS gene 

sequences obtained using fungal specific primer set 

ITS1F/ITS4. These sequences resulted just in fungal 

Operational Taxonomic Units (OTUs) with ITS and 19 

OTUs with 18S rDNA primers that with different fungal 

taxa in the clone library constructed with fungal specific 

primer set ITS1F/ITS4. But fungal strains used for spec-

ificity test of new 28S rDNA primers would be more 

significant results[24-26].  

Figure5. Mold genetic Sequenced and analysed, phyloge-
netic tree analysis 

The results showed the prevailing mold species isolated 

from animal specimens was Aspergillus niger Tiegh 

(62.5%), followed by Neurospora crassa Shear & B.O. 



Zhang Rui et al. 

———————————————————————————————————————————————————

WWW.SIFTDESK.ORG 41 Vol-5 Issue-1 

SIFT DESK  

The signal colony that isolated sent to ShangHai 

ShengGong Company, Ltd to be sequenced.  And the 

results was analysied, Distance-matrix sequence 

alignment methods was used Clustal W. 

 

3.4 The effect of Mold fungicides 

It Can be show from figure 1 with fluorescent micro-

scope under 40-x ,  the sporangium,spore , hyphae 

and the mycelia of the molds,  the significant results 

showed that both chitosan and nano silver can effec-

tively inhibit the Aspergillus,  It has a good effect on 

mold inhibition(Figure 6). 

 

4. CONCLUSION 

Identifying the mold species from animal specimens, 

by PCR with ITS primer, bio-microscopic observa-

tion and sequencing and phylogenetic tree analysis, 

the results showed the mold from animal specimens  

mainly belong to Aspergillus and Neurospora. This 

study established the foundations of controlling and 

restoring the mold that infected animal specimens 

and guided a new methodology of preparation and 

environmental friendly exhibition for animal speci-

mens. It was benefit for different novel mold inhibi-

tor screening according to the different types of mold 

that molecular species identification.  And both chi-

tosan and nano silver can effectively inhibit the As-

pergillus,  It has a good effect on mold inhibition. 
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