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Abstract

Background: A good collection of fungi culture can be maintained with good preservation methods. 
With appropriate methods, preservation can be performed in low-budget laboratories, such as with 
periodic subculture and preservation in either sterile water or in paraffin oil. The aim of this study 
was to assess the viability, morphology, contamination, and antifungal susceptibility profile of fungi 
preserved in sterile water or paraffin oil compared to a periodic subculture.
Methods: This study was an experimental study using Aspergillus sp., Trichophyton mentagrophytes 
and Candida albicans conducted in the Parasitology Laboratory, School of Medicine and Health 
Sciences, Universitas Katolik Indonesia Atma Jaya, Jakarta from March to October 2019. The fungi were 
preserved by a periodic subculture or in sterile water or in paraffin oil for six months. A comparison 
of viability, morphology, contamination, and antifungal susceptibility profile between methods were 
made before and after six months of study. 
Results: The viability of all the fungi was maintained in both periodic subculture and preservation 
with paraffin oil. However, the T. mentagrophytes was not viable in preservation using sterile water. 
All methods could maintain the morphology without contamination. There were reductions in the 
inhibition zone against antifungal drug in preservation with sterile water and paraffin oil.
Conclusions: Preservation in paraffin oil is superior to preservation in sterile water in terms 
of maintaining fungal viability. This method is suitable for the use in a simple laboratory, albeit 
considerations should be given to the reduction of inhibition zone. 
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Introduction

There are over 1.5 million various fungi strains 
in the world and only 100.000 strains are 
already identified. The identifying process of 
a fungus takes a long time, therefore, culture 
collection is important to maintain strains of the 
fungus viable before it can later be identified.1 

Medically or biotechnologically important 
fungi are considered paramount to preserve 
because of their unique properties and practical 
value in various aspects of human life.2,3 These 
strains are important for producing enzymes, 
proteins, vitamins, bioactive compounds, 

antimicrobial substances, and biopolymers. Its 
application in the medical aspect could be in 
the field of diagnostic or development of new 
therapeutics.3

A good culture collection needs a good 
preservation method that can preserve 
a fungus for a long time. There are many 
methods of fungi preservation techniques, 
such as periodic subculture, freeze-drying 
preservation technique, preservation in sterile 
water or paraffin oil, and many more. Periodic 
subculture is the easiest way to preserve 
fungi for a short period, however, it has some 
disadvantages such as the inability to ensure 
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fungus viability for a long preservation period 
and potential of human errors in labeling. 
Currently, the freeze-drying preservation 
technique is the method of choice for long-term 
fungal preservation. Its major drawback is it 
requires  advance high-technology equipment, 
thus, it cannot be performed in a simple 
laboratory.4

Alternatively, most educational or research 
institutes prefer using periodic subcultures in 
preserving their fungi due to the higher cost 
of previous technique Studies have shown 
that preservation in sterile water or paraffin 
oil could be used to preserve a wider range 
of fungi. These traditional methods could 
maintain the long-term viability of the fungi 
and only require basic microbiology laboratory 
skills and equipment. Therefore, these two-
preservation methods could be done in a 
simple laboratory.5–8

With an increasing number of antifungal 
resistances of many unusual and rare fungi, 
studies examining the susceptibility profile 
of fungi are now widely conducted. Most of 
the source of the fungi is culture collection 
since strains should be collected over years to 
reach an amount sufficient to be studied.9 As 
for culture collection, many studies included 
viability and contamination as parameters 
in preservation technique research, but the 
alteration of antifungal susceptibility has 
been never examined. Assessment of this 
parameter is important since alteration 
caused by preservation technique could cause 
misinterpretation of antifungal susceptibility 
results and potentially mislead treatment 
strategy.

This study aimed to assess the viability, 

morphology, contamination, and antifungal 
susceptibility profile of fungi preserved with 
sterile water or paraffin oil. Aspergillus sp. 
and Trichophyton mentagrophytes were used 
to represent fast-growing and slow-growing 
molds and Candida albicans to represent yeast. 
The result of this study was to be applied in a 
simple laboratory.

Methods

This experimental study was conducted 
in the Parasitology Laboratory, School of 
Medicine and Health Sciences, Universitas 
Katolik Indonesia Atma Jaya, Jakarta from 
March to October 2019. Aspergillus sp., T. 
mentagrophytes, and C.albicans were obtained 
from the culture collection of the Laboratory. 
All cultures were initially grown in sabouraud 
dextrose agar (SDA, Oxoid, United Kingdom).

The preservation techniques used were 
periodic subculture and preservation in sterile 
water or paraffin oil (Figure 1). The periodic 
subculture method was performed by simply 
transferring fungi into a new SDA once every 
two months.10 Preservation with sterile water 
was conducted initially by flooding cultured 
fungi with 6–7 ml sterile water. The culture 
was scrapped lightly using pipette tips.  The 
suspension was withdrawn and transferred 
to the McCartney tube.11 As for preservation 
in paraffin oil, fungi were first inoculated 
onto slant of SDA inside the McCartney 
tubes. Cultured fungi were then flooded with 
autoclaved paraffin oil until 1 cm above the 
culture.4,8 All fungi were preserved using 
these three methods for six months at room 
temperature. 

Figure 1 Preservation in Paraffin Oil (Left) and Sterile Water (Right)
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Table 1 Viability, Morphology, and Contamination of Aspergillus sp., Trichophyton 
	   mentagrophytes, and Candida albicans Before and After Preservation

Parameters Fungi Before 
preservation

After six months
Periodic 

Subculture Sterile Water Paraffin Oil

Viability Aspergillus sp. + + + +
T r i c h o p h y t o n 
mentagrophytes + + - +

Candida albicans + + + +
Morphology Aspergillus sp. + + + +

T r i c h o p h y t o n 
mentagrophytes + + - +

Candida albicans + + + +
Contamination Aspergillus sp. - - - -

T r i c h o p h y t o n 
mentagrophytes - - + -

Candida albicans - - - -
Note: Viable fungus was markedas (+). Morphology was marked as (+) if fungi showed typical morphology of the species. 
Contamination was marked as (+)if it occured 

Before preservation, fungi were tested 
for its viability, microscopic morphology, 
and antifungal susceptibility. The rice cream 
test was used for yeast (C. albicans) and the 
slide culture technique was used for molds 
(Aspergillus sp. and T. mentagrophytes).12,13 

Morphology were checked based on its 
characteristic.14 Antifungal susceptibility was 
examined using the disk diffusion technique 
according to CLSI M51-A for Aspergillus sp. 
and T. mentagrophytes and CLSI M60 for C. 
albicans.13–15 It was measured using an average 
the zone of inhibition against voriconazole 
disk for Aspergillus sp., itraconazole disk for 
T. mentagrophytes, and fluconazole disk for C. 
albicans. All assessments were conducted in 
two times of repetition.

After being preserved for six months, the 
preserved cultures were reassessed for its 
viability, microscopic morphology, antifungal 
susceptibility, and level of contamination. The 
revival of fungi preserved in sterile water was 
conducted by inoculating 0.2–0.3 ml of the 
suspension with a sterile pipette to SDA.11 For 
the revival of fungi preserved in paraffin oil, 
preserved fungi were swabbed and transferred 
into SDA.

Additionally, every two months preserved 
cultures were checked for its viability by 
transferring preserved cultures in a new 
medium. This study was approved by the 
Ethical Committee, School of Medicine and 
Health Sciences Atma Jaya Catholic University 
of Indonesia No:06/05/KEP-FKUAJ/2019 and 
No: 13/06/KEP-FKUAJ/2019.

Results

Periodic subculture and preservation in 
paraffin oil could maintain the viability of 
Aspergillus sp., T. mentagrophytes, and C. 
albicans, while preservation in sterile water 
could maintain the viability of Aspergillus sp. 
and C. albicans but not T.mentagrophytes (Table 
1). Candida albicans preserved in paraffin 
oil showed slower growing time (5–7 days) 
than periodic subculture and in sterile water 
(24–48 hours). Aspergillus sp. grew after 3–4 
days for periodic subculture and paraffin oil, 
and 4 days for sterile water. T. mentagrophytes’ 
growing time was 5–7 days for periodic 
subculture and paraffin oil.

In all viable fungi, microscopic morphology 
was not changed. C. albicans showed the marked 
formation of blastospore, pseudohyphae, 
and chlamydospore in the rice cream test, 
Aspergillus sp. Showed uniseriatephialides 
on the conidial head, and T. mentagrophytes 
showed some hyphae that were spiral-
shaped with spores arranged in the group. 
Contaminations were not shown in any 
fungi except T. mentagrophytes preservation 
with sterile water. Results of microscopic 
morphology and contamination were 
summarized in Table 1.

When tested by using the disk diffusion 
test, there was a reduction in the zone of 
inhibition for preservation in paraffin oil. The 
zone of inhibition for C. albicans showed the 
highest reduction from 34 mm to 25 mm after 
preservation in paraffin oil. Both Aspergillus sp. 
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and T. mentagrophytes preserved in paraffin oil, 
reduction in the zone of inhibition were around 
7 mm. For the periodic subculture method and 
preservation in sterile water, there was the 
only a low reduction in the zone of inhibition. 
Results of the antifungal susceptibility profile 
were summarized in Table 2.

Discussion

Preservation in paraffin oil could maintain 
the viability of Aspergillus sp., Trichophyton 
mentagrophytes, and C. albicans. Moreover, 
paraffin oil could maintain microscopic 
morphology before and after preservation 
with no contamination. This is in accordance 
with a study by Smith D et al.7 which preserved 
58 strains of fungi and 47 strains that were 
still viable after being stored for 20 years 
in paraffin oil. Similarly, Ajello et al.6 also 
preserved 34 strains of fungi in paraffin oil 
and all strains that were still viable after being 
stored for 19–21 months. 

Preservation in sterile water could maintain 
the viability of Aspergillus sp. and C. albicans. 
Similar studies by McGinnis MR et al.11 showed 
Aspergillus sp. could still viable until 12 
months and C. albicans until 60 months with 
no contamination after preservation in sterile 
water. Moreover, Suciatmih S et al.5 conducted 
a preservation study with sterile water and 
resulted in a 100% survival rate, and de 
Caprilles CH et al.16 conducted a preservation 
study for 20 years and the survival rate 
around 50% with 22.8% contamination. In 
our study, T. mentagrophytes (dermatophyte) 
did not survive after being preserved in 
sterile water. Some studies had reported that 
dermatophytes were more difficult to preserve 
in the long term using sterile water for example 
Karabıçak N et al.17 reported that 3% of 1186 
samples did not survive in sterile water after 

12 years and all were dermatophytes. These 
studies along with our study have shown that 
preservation in sterile water could be used for 
shorter preservation time (around five years) 
than paraffin oil. This method is not preferred 
for dermatophyte and maybe also for another 
slow-growing fungus.

In the antifungal susceptibility test, there 
was a reduction in the zone of inhibition 
against the antifungal drugs, which could be 
interpreted as an increase of resistance in 
the fungi. The reason for the reduction in the 
zone of inhibition at the disk diffusion test is 
unclear. A study assessing this issue after the 
preservation method is lacking. We assume 
increased resistance against antifungal has 
something to do with materials used in 
preservation. The adaptation process can 
change how fungi react to certain conditions. 
Fungi in nutrient-limited conditions somehow 
become adapted in that harsh condition 
and maximizing its capability to survive. 
Autophagy is an important response when 
cells are starving, to maintain viability in a 
state of malnutrition. It refers to a group of 
processes that involves the degradation of 
cytoplasmic components.18 Autophagy in mold 
and yeast could function as a nutrient recycling 
pathway that supports survival in growth that 
occurs under nutrient-limited conditions.18,19 
We believe this mechanism increases the 
resistance of the fungi against the antifungal 
drugs. When fungi in both preservation 
methods were revived and further subcultured 
in a nutrient-rich medium, the susceptibility 
profile might be gradually increased to its 
original pattern. 

There was an elongation of C. albicans 
growth. In general, C. albicans growth was 
visible after 24–48 hours. Inoculum of C. 
albicans from preservation in paraffin oil grew 
in a slower time (5–7 days). This phenomenon 

Table 2 Antifungal Susceptibility (Zone of Inhibition) of Aspergillus sp., Trichophyton 
	  mentagrophytes, and Candida albicans Before and After Preservation

Parameters Fungi
Before 

preservation
(mm)

After six months
Periodic 

Subculture Sterile Water Paraffin Oil

Antifungal 
Susceptibility Aspergillus sp. 35 34 32 30 30 31 25 25

Trichophyton 
mentagrophytes 45 40 45 45 - - 36 38

Candida albicans 32 34 33 32 34 35 25 24

Note: Zone of inhibition was expressed in millimeter (mm)
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could be explained by the ability of paraffin oil 
to inhibit oxygen ingress into the culture, so 
the metabolism of the fungi was suppressed. 
Inhibited metabolism will further inhibit the 
sporulation of the fungi.6,20 There could be a 
slight elongation in the growing time of the 
fungus for the first revival. When the culture 
was transferred into a new medium for the 
second time, fungi would regain its growth 
rate to normal.7

This study has potential limitations. 
Preservation was only performed for six 
months. Longer preservation time should be 
performed to further observe the potential 
of these preservation techniques. Given the 
limited fungi used in this study, more species 
and strain are needed for further study. Also, 
these preservation techniques need some 
additional examination to prove its capability 
on maintaining genotypic and phenotypic 
stability of the culture. The molecular method 
should be performed for such purpose.  

In conclusion, preservation in paraffin oil 
maintain viability, microscopic morphology, as 
well as preventing contamination of preserved 
fungi. Assessment of antifungal susceptibility 
profile using preserved fungi in paraffin oil 
should consider the increased resistance 
at a first revival after preservation. Further 
subculture might be needed for this purpose. 
Preservation in paraffin oil is superior to 
sterile water and this technique is encouraged 
to be used in a simple laboratory.
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