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1. Introduction 
One particular area of concern in the Philippine’s conservation efforts is the apparent deterioration of some 

paintings brought about by the proliferation of fungi colony in the canvas due to the persistent humid condition. 

Sufficient amount of fungi colonization can cause deterioration on paintings under conditions conducive for 

growth. Some of the underlying conditions in the proliferation of fungus can be traced back to climate states where 

fungus can easily colonize the canvas through moisture absorption. Improper temperature and humidity conditions 

of the storage facility can easily trigger fungal growth. These reasons can eventually compromise the integrity of 

the painting (both the canvass and color hue of the paint pigment) that manifest in the form of canvass stain and 

permanent discoloration [1].   

One such deterioration and degradation parlance in the conservation circle is the foxing issue. Foxing is a 

permanent discoloration of the art work arising from fungal interaction with paint pigment and canvas. Foxing 

usually happens when microorganisms facilitates the iron oxidation process in the painting. The material of 

canvas, usually linen or cotton is prone to foxing due to its interaction with acidic products brought about by the 

oxidation process. Foxing can leave a yellowish brown or reddish spot, with either sharp or irregular edges found 

on papers and other fibrous canvas materials. The occurrence of foxing was found to be dependent on the climate 

condition of the paper or canvas where it was stored [2]. It was observed that changing the humidity and 

temperature of the room decreased fungi population. However, reverting back to the ambient room condition 

increases the fungal growth once more. Furthermore, the outer layer of the painting infested with fungi was the 

only reduced part but not the inner layer, which was still riddled with fungi [3]. 

Fungi can be eliminated using a low energy electromagnetic pulse in the mid-infrared region. Fungi can be 

killed through a fixed radio carrier frequency in the mid-infrared region modulated by the sideband harmonic 

audio frequency electronic device called Rife machine.  By calculating the resonant length of the DNA strand of 

the target fungi strain, the Rife machine can tune its fixed carrier frequency at 3.3 MHz modulated by the sideband 

harmonic audio frequency to match the resonant frequency of the target fungi. The configured EM wave can 

potentially overload the natural resonant energy of the fungi that leads to its death [4]. 

The focal aim of the research is to evaluate and analyze the treatment plan on three (3) fungi species found 

on oil painting done by Vicente Manansala using a resonant electromagnetic pulse device called Rife Machine. 

This is a non-invasive electronic device that can generate enough resonant energy to eliminate or stunt fungal 

PJMSN 
ISSN 2362-8073 

 

Abstract 
A non-invasive technique was demonstrated in controlling the growth of three fungi 

species (Alternaria sp., Geotrichum sp. and Paecilomyces sp.) found on the mural 

painting of Vicente Manansala. Exploiting the resonant DNA length of these fungi, we 

were able to tune the pulsed electromagnetic field (PEMF) to debilitate the growth of 

these fungi cultured on petri dish exposed at different time intervals. Results showed 

significant decrease in fungal growth if treated at three-minute and ten-minute exposure 

time. This work can be extended to oil, water, or charcoal painting sample media to 

address permanent discoloration called foxing. 

 

Keywords: non-invasive technique, conservation, control of fungal growth and mural 

painting. 
      © 2016 PJMSN. All rights reserved.  

Article Info 
 

Article history: 

Received 30 March 2016 

Received in revised form 

2 April 2016 

Accepted 5 April 2016 

Available online  

8 April 2016 

 

 



Philippine Journal of Materials Science and Nanotechnology 2 (2016) 1-9 

1 
 

Philippine Journal of Materials Science and Nanotechnology   

 
Journal homepage: www.pjmsn.tk 

 

 

A Non-Invasive Technique for Fungal Growth Control on a 

Mural Painting 
 

Jenibel Paray1*, Paul John Cabigon1, Robyne Mae De los Reyes1, and Romeric Pobre1 
1De La Salle University-Manila, Instrumentation and Optics Physics Laboratory 

2401 Taft Ave. Manila, 1004 Philippines 

*Corresponding author: jenibel_n_paray@dlsu.edu.ph 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Introduction 
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paintings brought about by the proliferation of fungi colony in the canvas due to the persistent humid condition. 

Sufficient amount of fungi colonization can cause deterioration on paintings under conditions conducive for 

growth. Some of the underlying conditions in the proliferation of fungus can be traced back to climate states where 

fungus can easily colonize the canvas through moisture absorption. Improper temperature and humidity conditions 

of the storage facility can easily trigger fungal growth. These reasons can eventually compromise the integrity of 

the painting (both the canvass and color hue of the paint pigment) that manifest in the form of canvass stain and 

permanent discoloration [1].   

One such deterioration and degradation parlance in the conservation circle is the foxing issue. Foxing is a 

permanent discoloration of the art work arising from fungal interaction with paint pigment and canvas. Foxing 

usually happens when microorganisms facilitates the iron oxidation process in the painting. The material of 

canvas, usually linen or cotton is prone to foxing due to its interaction with acidic products brought about by the 

oxidation process. Foxing can leave a yellowish brown or reddish spot, with either sharp or irregular edges found 

on papers and other fibrous canvas materials. The occurrence of foxing was found to be dependent on the climate 

condition of the paper or canvas where it was stored [2]. It was observed that changing the humidity and 

temperature of the room decreased fungi population. However, reverting back to the ambient room condition 

increases the fungal growth once more. Furthermore, the outer layer of the painting infested with fungi was the 

only reduced part but not the inner layer, which was still riddled with fungi [3]. 

Fungi can be eliminated using a low energy electromagnetic pulse in the mid-infrared region. Fungi can be 

killed through a fixed radio carrier frequency in the mid-infrared region modulated by the sideband harmonic 

audio frequency electronic device called Rife machine.  By calculating the resonant length of the DNA strand of 

the target fungi strain, the Rife machine can tune its fixed carrier frequency at 3.3 MHz modulated by the sideband 

harmonic audio frequency to match the resonant frequency of the target fungi. The configured EM wave can 

potentially overload the natural resonant energy of the fungi that leads to its death [4]. 

The focal aim of the research is to evaluate and analyze the treatment plan on three (3) fungi species found 

on oil painting done by Vicente Manansala using a resonant electromagnetic pulse device called Rife Machine. 

This is a non-invasive electronic device that can generate enough resonant energy to eliminate or stunt fungal 

PJMSN 
ISSN 2362-8073 

 

Abstract 
A non-invasive technique was demonstrated in controlling the growth of three fungi 

species (Alternaria sp., Geotrichum sp. and Paecilomyces sp.) found on the mural 

painting of Vicente Manansala. Exploiting the resonant DNA length of these fungi, we 

were able to tune the pulsed electromagnetic field (PEMF) to debilitate the growth of 

these fungi cultured on petri dish exposed at different time intervals. Results showed 

significant decrease in fungal growth if treated at three-minute and ten-minute exposure 

time. This work can be extended to oil, water, or charcoal painting sample media to 

address permanent discoloration called foxing. 

 

Keywords: non-invasive technique, conservation, control of fungal growth and mural 

painting. 
      © 2016 PJMSN. All rights reserved.  

Article Info 
 

Article history: 

Received 30 March 2016 

Received in revised form 

2 April 2016 

Accepted 5 April 2016 

Available online  

8 April 2016 

 

 



Philippine Journal of Materials Science and Nanotechnology 2 (2016) 1-9 

2 
 

growth of a highly specific fungi strain under ambient condition. This study covered three (3) genera of fungi 

identified as Alternaria sp., Geotrichum sp. and Paecilomyces sp. These were isolated from a mural painting in 

Manila by commissioned researchers of Microbiology Laboratory at De La Salle University. Aside from the 

availability of these fungi, it was also reported that these three microorganisms has high enzymatic activity 

compared to other fungi which tends to contribute more when it comes to painting deterioration [5-10]. Hence, 

these were the appropriate fungi species to consider for the study. Since the investigation will not be carried out 

on an actual oil painting, a Potato Dextrose Agar medium was substituted as a replacement for actual oil paint 

medium to ensure fungi viability.  

A common method used by professional conservationist in the treatment of fungi infestation in paintings 

involves surface application of chemical agents. However, museum curators and art collectors deemed this 

common practice as invasive and short-lived.  Fungal infestation can cause not just mural painting deterioration 

but also health issues such as asthma attack and life threatening fungal infection. Besides its noncontact or non-

invasive approach, the Rife machine has the advantage of rapidly eliminating or stunting fungal growth compared 

to other common practices with invasive nature that requires higher skill set and greater treatment time. This study 

aimed to validate the non-invasive technique of using the Rife machine as an alternative approach on eliminating 

or decreasing fungal growth for the possible conservation of mural paintings. This is substantial not only in the 

preservation of art collections in a non-invasive manner but also in the reduction of fungal proliferation thus 

minimizing the spread of fungi borne diseases among visual art stakeholders. 

 

2. Experimental Set-Up 
The flow chart below shows the protocol on how the treatment plan was carried out using the Rife machine. 

This shows the major steps in determining and analyzing the effects of resonant electromagnetic pulse at 3.3 MHz 

carrier frequency in three (3) fungi species. 

 

 
 

 

 

 

Fungi Samples  taken from Vicente Manansala  Mural Painting

Alternaria sp., Geotrichum sp. and Paecilomyces sp. were isolated from Vicente Mansala’s oil painting.

Sub-culturing Fungi Samples

The three isolates were sub-cultured or transferred to 14 petri dish, each containing Potato Dextrose Agar 
media. 

Calculation of Resonant Frequencies

The DNA base pair size of each fungi specie was obtained to calculate the resonant frequencies in agar, 
cell membrane and biological tissue media.

Exposure of Fungi Samples and 2nd Sub-culturing

The 12 petri dishes (2 being the controlled group) were treated with resonant EM pulse under 3, 5, 6, 9, 
10, and 18 minutes of exposure. The samples were again sub-cultured, marked, and measured.

Measurement of Samples and Waste management

The radial growth of the fungi was measured before and after incubation, this was then compared to the 
controlled group.

Fungi Decontamination was done by the DLSU-M Microbiology laboratory technicians.
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2.1 Sample Preparation and Sub-culturing of Fungi Samples 

Three (3) species of fungi namely, Alternaria sp., Geotrichum sp., and Paecilomyces sp. found on Vicente 

Manansala’s oil painting were isolated and replicated. These are contained in forty two (42) petri dishes and 

categorized into two groups namely the untreated and treated group. The treated group was subjected to six 

varying treatment time.  

 

 

 

 

 

 

 

 

Agar Blocking technique was employed using an inoculating needle (sterilized by heating the needle with the 

use of alcohol lamp) to separate section of agar containing colony of fungi sample. This section is then transferred 

into the clean agar to minimize contamination after use. This was repeated several times until all eighty four (84) 

agar filled plastic petri dishes were contained with fungi species under study. The 14 sub-cultured fungi samples 

were grouped according to the set treatment times. Two replicates were prepared for each group of fungi specie.  

2.2 Calculation of Rife Frequencies 

      The DNA base pair of each fungi specie was obtained from the genome database bank of fungi species. The 

selection was done based on the geographical origin of the fungi specie in the list of fungi genome. The DNA 

base pair size was multiplied to 35.4 angstroms (then converted to meters) to calculate for the corresponding 

wavelength (λ). The speed was calculated through the inverse square root of the product of the permeability 

constant (1.256637061×10-6 Henrys/meter) and the permittivity constant of the media – agar, biological tissue, 

and cell membrane. The lower harmonic frequency that would modulate the carrier radio frequency (3.3 MHz) 

was obtained by dividing the calculated frequency by base 2 until it has reached the value that was within the 

range of the beam ray machine (20Hz - 20 KHz). For this instance, the frequency calculated for Paecilomyces sp. 

in the agar medium was 12,710 Hz. 

       The resonant frequency calculations were done through the MS Excel application spreadsheet program. DNA 

base pair size and electric permittivity of the media (for agar, cell membrane, and biological tissue) were encoded 

in the Excel program to generate resonant frequencies. The frequencies were tabulated in table 1 as seen below. 

  

Table 1. Calculated Resonant Frequencies used in the Treatment Plan 

Fungi Specie Agar Cell 

Membrane 

Biological 

Tissue 

Sweep/Repetition Rate 

setting 

Paecilomyces sp. 700 Bp 12,710 Hz 17,486 Hz 10,794 Hz 20 Hz Sweep 

Geotrichum sp. 640 Bp 14,233 Hz 11,980 Hz 14,233 Hz 3 Hz pulse 

Geotrichum sp. 960 Bp 11,554 Hz 12,283 Hz 14,228 Hz 3 Hz pulse 

Geotrichum sp. 1700 Bp 12,138 Hz 10,603 Hz 17,360 Hz 3 Hz pulse 

Alternaria sp. 217 Bp 10,297 Hz 16,488 Hz 14,299 Hz 3 Hz pulse 

Alternaria sp. 370 Bp 11,287 Hz 13,754 Hz 17,635 Hz 3 Hz pulse 

Alternaria sp. 699 Bp 12,747 Hz 17,585 Hz 10,847 Hz 3 Hz pulse 

 

2.3 Exposure Time of the Fungi Samples and Fungal Growth Monitoring 

      The Rife machine was programmed with three (3) different resonant frequencies (one for each- the Agar, Cell 

Membrane and Biological Tissue media) in every exposure set of each fungi specie. In total, there were 7 

programmed sessions that accumulated 54 minutes of treatment (distributed into 18 minutes per frequency).  

               

 

 

 

Figure 1. Potato Dextrose Agar dissolved in 1780 mL of distilled 

water and autoclaved for 1 hr. and 30 minutes at 120°C. 

Figure 2. Potato Dextrose Agar contained and incubated 

for 24 hours in petri dishes to ensure non-contamination. 

.  
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The samples labelled with its corresponding treatment time were all initially placed in the aluminum box (which 

contained the ray tube) prior to execution of the programmed protocol. The petri dishes were placed on an 

approximately 8.5 cm distance from the ray tube. As the program progresses, the plates were removed according 

to its assigned time exposure. Hence, the samples assigned to the 18-minute treatment time remained in the box 

for the entire period of the program. Since the program has three cycles (due to the calculation of frequencies on 

a certain medium), the petri dishes labelled with 3, 5, 6, 9, and 10 minutes were removed and placed back three 

times (for every 18-minute cycle). 

      After treatment, Geotrichum sp., Alternaria sp., Paecilomyces sp. samples were sub-cultured again in new 

agar petri dish plates to monitor the growth of each specie together with the negative control. The new agar plates 

were properly labeled to avoid any incorrect assignment in monitoring the fungal growth. The petri dish plates 

were sealed using masking tape to tighten its cover when stored. The negative control samples were also sub-

cultured, marked, measured, sealed, and stored together with the treated groups.  

 

2.4 Radial Growth Measurement 

      The treated group, as well as the negative control group, were stored up to 7 days to monitor any fungal 

growth. The radial growth of the fungi (in mm) was measured during the third, fifth and seventh day of incubation. 

Measurements were encoded in Microsoft Excel file. Radial growth size were plotted against growth period in 

unit of days. After plotting, exponential trend lines were added to the graphs to determine the growth rate (Kr) for 

each fungi specie. Kr refers to the slope of the linear phase of fungal growth. Hence, two points in the X -axis (X1 

and X2) were obtained from the graph. Point X1 indicates where the constant growth started and X2 as the stage 

where the colony begins to decelerate (end of the linear phase). Both points (X1 and X2) were assigned in the 

formula corresponding to Y1 and Y2 ordinates. These would serve as boundary points to find the slope of the graph 

(Kr or growth rate). For instance, in the controlled sample of Alternaria sp. (on petri dish 1), the X1 and X2 points 

obtained were 3.4 and 5.5 respectively. The exponential equation acquired to calculate the corresponding Y 

coordinate was given by equation 1 (this equation was exclusive for this sample only). Results for Y1 and Y2 were 

18.138 and 26.453 respectively. The slope was then calculated through equation 2. The growth rate for the sample 

yielded to 3.96 mm/day. 
 

𝑦 = 9.8457 𝑒0.1797𝑥     (1) 

 
𝑌2 − 𝑌1

𝑋2 − 𝑋1
        (2) 

  

      Consequently, One-way ANOVA was done to statistically determine the significance of the difference of the 

means for the growth rates of the treated groups (according to time exposure) along with the negative control. 

This was followed by Dunnett’s test to specifically compare each treatment time against the control group. The 

Dunnett’s test was simply performed by doing a standard t-test between the control group and each of the treatment 

group (time exposures). The difference of the means (Q) for each comparison would be considered significant if 

the critical value for a given confidence level (α=0.05) would be exceeded (Multiple Comparisons Among 

Treatment Means; Pairwise Comparisons in SAS and SPSS). Statistical tests were done for every fungi genus. 

Furthermore, the tests were also done across all three fungal samples to determine the optimum time for treatment. 

 

3. Results and Discussion 
As shown in table 2, the growth rates for each treated fungal species were lower than the control group. It 

was evident that no growth was found in Alternaria sp. for both the 3-minute and the 10-minute treatment time. 

These results suggested that the treatment gave rise to zero growth rates for all periods (from day 0 to day 7). 

They were further validated based on the results of the statistical tests. 

  
Table 2. Summary growth rates of each fungi specie at different treatment times 

Figure 3. Fungi samples inside the petri dishes under resonant EM pulse at 3.3 

MHz carrier Frequency. 
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Treatment time 

(mins) 
Alternaria sp. (mm/day) Paecilomyces sp. (mm/day) Geotricum sp. (mm/day) 

 Petri dish 1 Petri Dish 2 Petri dish 1 Petri Dish 2 Petri dish 1 Petri Dish 2 

Control 3.96 3.50 13.66 16.67 15.64 18.67 

3 0.00 0.00 5.52 7.58 5.32 2.97 

5 1.78 2.57 6.62 8.22 5.10 3.24 

6 2.09 0.00 7.81 9.23 3.76 4.54 

9 0.0 1.46 9.02 7.76 3.47 5.65 

10 0.00 0.00 9.93 4.49 2.11 6.40 

18 0.64 1.34 12.92 7.82 5.74 8.29 

 

3.1 Growth rate for Alternaria sp. isolates 

The radial growth of Alternaria sp. measured in mm were plotted against the incubation period (days). 

Figures 4.1 and 4.2 shows the graph of the radial growth at different treatment times. The slope of the linear phase 

of these graphs indicates the growth rate of the specie. A zero slope indicates zero growth for that particular specie. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 One-way ANOVA was done to determine the significance in the variation of the mean for all the 

treatment groups (including the negative control) in this particular genus-Alternaria sp. Results showed that the 

p-value is 0.01 which is lower than the confidence level set at 0.05. This implied that the treatment made a 

significant effect on the zero growth of the fungi specie under study.  With the multiple comparison statistical test 

or Dunnett’s test, it was shown that both the 3-minute and 10-minute treatment time has extremely significant 

effect for the death of the fungi specie. However, the only exception came from the 5- minute treatment time, 

particularly for petri dish #2, which shows no significant effect with the treatment. The other remaining treatment 

times have shown significant effect with the treatment. The q values were summarized in table 3.1. The q values 

greater than 3.33 with p values less than 0.05 were considered as significant. Evidently, the 3-minute treatment 

Figure 4.1 Growth rate plot of Alternaria sp. in Petri dish 1 
 

Figure 4.2 Growth rate plot of Alternaria sp. in Petri dish 2 
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time is enough to kill the entire colony. A treatment done in more than three minutes might provide the extra time 

for the fungi to recover from its demise. 

 

Table 3.1 Q and p values for Alternaria sp. after One Way ANOVA and Dunnett’s test 

Comparison Mean Difference q value p value 

Control versus 3 mins. 3.732 4.988 P < 0.01 

Control versus 5 mins. 1.557 2.080 P > 0.05 

Control versus 6 mins. 2.686 3.589 P < 0.05 

Control versus 9 mins. 3.001 4.010 P < 0.05 

Control versus 10 mins. 3.732 4.988 P < 0.01 

Control versus 18 mins.  2.738 3.659 P < 0.05 

 

3.2 Paecilomyces sp. isolates Growth rate 

 Similar to Alternaria sp., graphs were plotted to show the linear phase of the radial growth rate of 

Paecilomyces sp. isolates. These were shown in figures 4.3 and 4.4. The growth rates were calculated according 

to the exponential equation of the line and the slope of the linear phase. The mean growth in the two replicates 

were analyzed using One-way ANOVA. 

 

 
 

 

 
 

 

 

 Statistical results show that the variation of the means in the study group were not significant. The 

calculated p value was 0.07. In Dunnett’s test, the 3-minute, 5-minute and 10- minute treatment time demonstrated 

significant effect in the treatment of this fungi specie. Table 3.2 shows the q values for the comparison of the 

groups. To be considered as significant, q values must be greater than 3.33 with p values not greater than 0.05. 

Results showed that the treatment plan only stunted the growth of this particular fungi specie. Since no genomic 
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Figure 4.4 Growth rate of Paecilomyces sp. on petri dish 2 

Figure 4.3 Growth rate of Paecilomyces sp. on petri dish 1 
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characterization was actually done, the actual DNA base pair size for this sample might be different from the DNA 

base pair size taken from the genome database. 

 

Table 3.2 Q and p values for Paecilomyces sp. after One Way ANOVA and Dunnett’s test. 

Comparison Mean Difference q value p value 

Control versus 3 mins. 8.617 3.722 P < 0.05 

Control versus 5 mins. 7.747 3.346 P < 0.05 

Control versus 6 mins. 6.648 2.871 P > 0.05 

Control versus 9 mins. 6.777 2.927 P > 0.05 

Control versus 10 mins. 7.959 3.437 P < 0.05 

Control versus 18 mins.  4.794 2.070 P > 0.05 

 

3.3 Growth rate in Geotrichum sp. 

The radial growth rates of Geotrichum sp. were shown in figures 4.5 and 4.6. As shown in the graphs 

(figures 5.5 and 5.6), the slope or the growth rate for the control group appeared to be larger compared to the slope 

of the treatment groups. Additionally, the slope for the other treatment time seemed to have low variation. This 

simply means that the treatment has significantly stunted the growth of this particular fungi specie. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Statistical tests showed that p value at 1.6 x 10-3 was considered very significant. The comparison test of 

the exposure times versus control has showed extremely significant difference. Similar to the previous fungal 

genera, the q values must be greater than 3.33 with p values less than 0.05. In table 3.3, the q values for the 

exposure times were summarized.  

Figure 4.5 Growth rate of Geotrichum sp. in petri dish 1 

 

 

Figure 4.6 Growth rate of Geotrichum sp. in petri dish 2 
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Table 3.3 Q and p values for Geotrichum sp. after One Way ANOVA and Dunnett’s test. 

Comparison Mean Difference q value p value 

Control versus 3 mins. 13.013 7.001 P < 0.01 

Control versus 5 mins. 12.987 6.986 P < 0.01 

Control versus 6 mins. 13.002 6.995 P < 0.01 

Control versus 9 mins. 12.592 6.774 P < 0.01 

Control versus 10 mins. 12.904 6.942 P < 0.01 

Control versus 18 mins.  10.140 5.455 P < 0.01 

 

 

3.4 Growth rate analysis for all the fungi samples 

 One way ANOVA was performed in all the growth rates of the sample to evaluate the variance of the 

entire samples (across the three fungi genera). The resulting p value (1.79 x 10-3) was considered significant. In 

the multiple comparison tests, the 3-minute and 10-minute treatment times were considered very significant while 

the 18-minute period has not shown significance. Exposure periods: 5 minutes, 6 minutes, and 9 minutes were 

also considered significant. To be considered as significant, the q values should be greater than 2.70 with p values 

less than 0.05.  

 

Table 3.4 Q values (Dunnett’s test) for the growth rate of the entire study group 

Comparison Mean Difference q value p value 

Control versus 3 mins. 8.454 3.521 P < 0.01 

Control versus 5 mins. 7.430 3.094 P < 0.05 

Control versus 6 mins. 7.445 3.100 P < 0.05 

Control versus 9 mins. 7.456 3.105 P < 0.05 

Control versus 10 mins. 8.198 3.414 P < 0.01 

Control versus 18 mins.  5.890 2.453 P > 0.05 

 

 This statistical test was done to determine the optimum time in the presence of the three samples used. 

Since these microorganisms coexist on an actual painting, the ideal time to kill or stunt the growth for these three 

simultaneously should be identified. According to the results, the most effective and (at the same instance) most 

practical treatment duration was at the 3-minute exposure time. 

 

3.5 Rife Machine Efficiency 

Majority of the fungal samples has shown growth in post treated sub-cultures. In this study, the species 

in the fungi sample used were not isolated since the colony was characterized by its genera. In calculating the 

devitalizing frequencies (MOR), the DNA base pairs were taken into account. On the other hand, the growth rate 

of the samples, as compared with the untreated sample, has shown significant decrease within a 3-minute treatment 

time. This suggests that the species present in the colony have been killed in one particular fungi specie and it has 

been greatly reduced for the other remaining fungi species. Since the MOR or the natural frequency was very 

specific for certain microorganism, the machine would have failed to kill other species present in the genera 

because of the incorrect DNA base pair size used in the genome database. Furthermore, cell’s resilience to 

mechanical stimulation or oscillation of the treatment might be an added factor in fungi recovery [11]. 

The three minute treatment time has shown a very significant effect on the growth rate deceleration as 

compared with the negative control. In Dr. Rife’s experiments, most of the protocols include a 3-minute and 5-

minute exposure time. It was according to Dr. Rife that these periods were enough to kill most of the 

microorganisms using his Mortal Oscillatory Rates. However, there has been no concrete explanation on the effect 

of the treatment duration on debilitating the microorganisms.  

The frequencies used for this study were calculated on a cellular level. According the results, treatment 

time that have exceeded a 10 minute period has shown no significance on the decrease of growth rate. These 

suggests that for treatments longer than 10 minutes of exposure would have less effect on stunting the fungal 

growth. A theory postulated by Frolicsh would explain this phenomena. According to this theory, vibrational 

stimulations on the biological system that surrounds the cell would accumulate energy that helps the cell 

proliferate [12-14]. The microtubules are electrical polar structures that would emit EM field when it vibrates. 

These were networked to the plasma membrane which, in turn, oscillates the cell membrane. As the cell membrane 

oscillates, its charges would be excited. This results to an increased activity that helps the cell repair and transfer 

nutrients. No activities were evident within the 10 minute exposure of yeast cells on a MHz frequency range [13]. 

Therefore, the frequencies irradiated on the samples have produced sideband frequencies that resonate with its 

cell’s biological system. On a longer period, the damaged (not killed) cells would have repaired itself.  
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4. Conclusion 
Results showed that there had been a significant decrease in the growth rate in most of the treated fungi 

samples (Alternaria sp., Geotrichum sp., and Paecilomyces sp.) as compared to the negative control. However, it 

cannot completely obliterate the fungal population present. This is due to the specificity of the resonance 

frequencies used for the treatment. Furthermore the mechanical excitation for other species in the colony may 

cause speedy proliferation due to increased cell activity. The three (3) minute and ten (10) minute exposure time 

showed a significant decrease for the whole study groups. However, for every fungi genera, the effective time of 

exposure that was significantly comparable to the negative control group varied. Three (3) minute treatment time 

is enough to reduce fungal growth and even kill the fungus population but a longer treatment time did not show 

any significant effect in the reduction of the fungal colony. 

For future studies in the efficiency of Rife Machine on fungal treatment, we recommend the use of a larger 

sample size for better statistical results and choosing less than three minute treatment time. Genomic 

characterization of the target specie has to be undertaken to determine the exact DNA base pair size. An actual 

treatment on an oil, water, or charcoal paint media is highly suggested to see if the results of the study either 

conforms or varies for an actual oil paint media surface.  
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growth of a highly specific fungi strain under ambient condition. This study covered three (3) genera of fungi 

identified as Alternaria sp., Geotrichum sp. and Paecilomyces sp. These were isolated from a mural painting in 

Manila by commissioned researchers of Microbiology Laboratory at De La Salle University. Aside from the 

availability of these fungi, it was also reported that these three microorganisms has high enzymatic activity 

compared to other fungi which tends to contribute more when it comes to painting deterioration [5-10]. Hence, 

these were the appropriate fungi species to consider for the study. Since the investigation will not be carried out 

on an actual oil painting, a Potato Dextrose Agar medium was substituted as a replacement for actual oil paint 

medium to ensure fungi viability.  

A common method used by professional conservationist in the treatment of fungi infestation in paintings 

involves surface application of chemical agents. However, museum curators and art collectors deemed this 

common practice as invasive and short-lived.  Fungal infestation can cause not just mural painting deterioration 

but also health issues such as asthma attack and life threatening fungal infection. Besides its noncontact or non-

invasive approach, the Rife machine has the advantage of rapidly eliminating or stunting fungal growth compared 

to other common practices with invasive nature that requires higher skill set and greater treatment time. This study 

aimed to validate the non-invasive technique of using the Rife machine as an alternative approach on eliminating 

or decreasing fungal growth for the possible conservation of mural paintings. This is substantial not only in the 

preservation of art collections in a non-invasive manner but also in the reduction of fungal proliferation thus 

minimizing the spread of fungi borne diseases among visual art stakeholders. 

 

2. Experimental Set-Up 
The flow chart below shows the protocol on how the treatment plan was carried out using the Rife machine. 

This shows the major steps in determining and analyzing the effects of resonant electromagnetic pulse at 3.3 MHz 

carrier frequency in three (3) fungi species. 

 

 
 

 

 

 

Fungi Samples  taken from Vicente Manansala  Mural Painting

Alternaria sp., Geotrichum sp. and Paecilomyces sp. were isolated from Vicente Mansala’s oil painting.

Sub-culturing Fungi Samples

The three isolates were sub-cultured or transferred to 14 petri dish, each containing Potato Dextrose Agar 
media. 

Calculation of Resonant Frequencies

The DNA base pair size of each fungi specie was obtained to calculate the resonant frequencies in agar, 
cell membrane and biological tissue media.

Exposure of Fungi Samples and 2nd Sub-culturing

The 12 petri dishes (2 being the controlled group) were treated with resonant EM pulse under 3, 5, 6, 9, 
10, and 18 minutes of exposure. The samples were again sub-cultured, marked, and measured.

Measurement of Samples and Waste management

The radial growth of the fungi was measured before and after incubation, this was then compared to the 
controlled group.

Fungi Decontamination was done by the DLSU-M Microbiology laboratory technicians.
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2.1 Sample Preparation and Sub-culturing of Fungi Samples 

Three (3) species of fungi namely, Alternaria sp., Geotrichum sp., and Paecilomyces sp. found on Vicente 

Manansala’s oil painting were isolated and replicated. These are contained in forty two (42) petri dishes and 

categorized into two groups namely the untreated and treated group. The treated group was subjected to six 

varying treatment time.  

 

 

 

 

 

 

 

 

Agar Blocking technique was employed using an inoculating needle (sterilized by heating the needle with the 

use of alcohol lamp) to separate section of agar containing colony of fungi sample. This section is then transferred 

into the clean agar to minimize contamination after use. This was repeated several times until all eighty four (84) 

agar filled plastic petri dishes were contained with fungi species under study. The 14 sub-cultured fungi samples 

were grouped according to the set treatment times. Two replicates were prepared for each group of fungi specie.  

2.2 Calculation of Rife Frequencies 

      The DNA base pair of each fungi specie was obtained from the genome database bank of fungi species. The 

selection was done based on the geographical origin of the fungi specie in the list of fungi genome. The DNA 

base pair size was multiplied to 35.4 angstroms (then converted to meters) to calculate for the corresponding 

wavelength (λ). The speed was calculated through the inverse square root of the product of the permeability 

constant (1.256637061×10-6 Henrys/meter) and the permittivity constant of the media – agar, biological tissue, 

and cell membrane. The lower harmonic frequency that would modulate the carrier radio frequency (3.3 MHz) 

was obtained by dividing the calculated frequency by base 2 until it has reached the value that was within the 

range of the beam ray machine (20Hz - 20 KHz). For this instance, the frequency calculated for Paecilomyces sp. 

in the agar medium was 12,710 Hz. 

       The resonant frequency calculations were done through the MS Excel application spreadsheet program. DNA 

base pair size and electric permittivity of the media (for agar, cell membrane, and biological tissue) were encoded 

in the Excel program to generate resonant frequencies. The frequencies were tabulated in table 1 as seen below. 

  

Table 1. Calculated Resonant Frequencies used in the Treatment Plan 

Fungi Specie Agar Cell 

Membrane 

Biological 

Tissue 

Sweep/Repetition Rate 

setting 

Paecilomyces sp. 700 Bp 12,710 Hz 17,486 Hz 10,794 Hz 20 Hz Sweep 

Geotrichum sp. 640 Bp 14,233 Hz 11,980 Hz 14,233 Hz 3 Hz pulse 

Geotrichum sp. 960 Bp 11,554 Hz 12,283 Hz 14,228 Hz 3 Hz pulse 

Geotrichum sp. 1700 Bp 12,138 Hz 10,603 Hz 17,360 Hz 3 Hz pulse 

Alternaria sp. 217 Bp 10,297 Hz 16,488 Hz 14,299 Hz 3 Hz pulse 

Alternaria sp. 370 Bp 11,287 Hz 13,754 Hz 17,635 Hz 3 Hz pulse 

Alternaria sp. 699 Bp 12,747 Hz 17,585 Hz 10,847 Hz 3 Hz pulse 

 

2.3 Exposure Time of the Fungi Samples and Fungal Growth Monitoring 

      The Rife machine was programmed with three (3) different resonant frequencies (one for each- the Agar, Cell 

Membrane and Biological Tissue media) in every exposure set of each fungi specie. In total, there were 7 

programmed sessions that accumulated 54 minutes of treatment (distributed into 18 minutes per frequency).  

               

 

 

 

Figure 1. Potato Dextrose Agar dissolved in 1780 mL of distilled 

water and autoclaved for 1 hr. and 30 minutes at 120°C. 

Figure 2. Potato Dextrose Agar contained and incubated 

for 24 hours in petri dishes to ensure non-contamination. 

.  
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The samples labelled with its corresponding treatment time were all initially placed in the aluminum box (which 

contained the ray tube) prior to execution of the programmed protocol. The petri dishes were placed on an 

approximately 8.5 cm distance from the ray tube. As the program progresses, the plates were removed according 

to its assigned time exposure. Hence, the samples assigned to the 18-minute treatment time remained in the box 

for the entire period of the program. Since the program has three cycles (due to the calculation of frequencies on 

a certain medium), the petri dishes labelled with 3, 5, 6, 9, and 10 minutes were removed and placed back three 

times (for every 18-minute cycle). 

      After treatment, Geotrichum sp., Alternaria sp., Paecilomyces sp. samples were sub-cultured again in new 

agar petri dish plates to monitor the growth of each specie together with the negative control. The new agar plates 

were properly labeled to avoid any incorrect assignment in monitoring the fungal growth. The petri dish plates 

were sealed using masking tape to tighten its cover when stored. The negative control samples were also sub-

cultured, marked, measured, sealed, and stored together with the treated groups.  

 

2.4 Radial Growth Measurement 

      The treated group, as well as the negative control group, were stored up to 7 days to monitor any fungal 

growth. The radial growth of the fungi (in mm) was measured during the third, fifth and seventh day of incubation. 

Measurements were encoded in Microsoft Excel file. Radial growth size were plotted against growth period in 

unit of days. After plotting, exponential trend lines were added to the graphs to determine the growth rate (Kr) for 

each fungi specie. Kr refers to the slope of the linear phase of fungal growth. Hence, two points in the X -axis (X1 

and X2) were obtained from the graph. Point X1 indicates where the constant growth started and X2 as the stage 

where the colony begins to decelerate (end of the linear phase). Both points (X1 and X2) were assigned in the 

formula corresponding to Y1 and Y2 ordinates. These would serve as boundary points to find the slope of the graph 

(Kr or growth rate). For instance, in the controlled sample of Alternaria sp. (on petri dish 1), the X1 and X2 points 

obtained were 3.4 and 5.5 respectively. The exponential equation acquired to calculate the corresponding Y 

coordinate was given by equation 1 (this equation was exclusive for this sample only). Results for Y1 and Y2 were 

18.138 and 26.453 respectively. The slope was then calculated through equation 2. The growth rate for the sample 

yielded to 3.96 mm/day. 
 

𝑦 = 9.8457 𝑒0.1797𝑥     (1) 

 
𝑌2 − 𝑌1

𝑋2 − 𝑋1
        (2) 

  

      Consequently, One-way ANOVA was done to statistically determine the significance of the difference of the 

means for the growth rates of the treated groups (according to time exposure) along with the negative control. 

This was followed by Dunnett’s test to specifically compare each treatment time against the control group. The 

Dunnett’s test was simply performed by doing a standard t-test between the control group and each of the treatment 

group (time exposures). The difference of the means (Q) for each comparison would be considered significant if 

the critical value for a given confidence level (α=0.05) would be exceeded (Multiple Comparisons Among 

Treatment Means; Pairwise Comparisons in SAS and SPSS). Statistical tests were done for every fungi genus. 

Furthermore, the tests were also done across all three fungal samples to determine the optimum time for treatment. 

 
3. Results and Discussion 

As shown in table 2, the growth rates for each treated fungal species were lower than the control group. It 

was evident that no growth was found in Alternaria sp. for both the 3-minute and the 10-minute treatment time. 

These results suggested that the treatment gave rise to zero growth rates for all periods (from day 0 to day 7). 

They were further validated based on the results of the statistical tests. 

  
 

Figure 3. Fungi samples inside the petri dishes under resonant EM pulse at 3.3 

MHz carrier Frequency. 
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Table 2. Summary growth rates of each fungi specie at different treatment times 

Treatment time 

(mins) 
Alternaria sp. (mm/day) Paecilomyces sp. (mm/day) Geotricum sp. (mm/day) 

 Petri dish 1 Petri Dish 2 Petri dish 1 Petri Dish 2 Petri dish 1 Petri Dish 2 

Control 3.96 3.50 13.66 16.67 15.64 18.67 

3 0.00 0.00 5.52 7.58 5.32 2.97 

5 1.78 2.57 6.62 8.22 5.10 3.24 

6 2.09 0.00 7.81 9.23 3.76 4.54 

9 0.0 1.46 9.02 7.76 3.47 5.65 

10 0.00 0.00 9.93 4.49 2.11 6.40 

18 0.64 1.34 12.92 7.82 5.74 8.29 

 

3.1 Growth rate for Alternaria sp. isolates 

The radial growth of Alternaria sp. measured in mm were plotted against the incubation period (days). 

Figures 4.1 and 4.2 shows the graph of the radial growth at different treatment times. The slope of the linear phase 

of these graphs indicates the growth rate of the specie. A zero slope indicates zero growth for that particular specie. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

One-way ANOVA was done to determine the significance in the variation of the mean for all the 

treatment groups (including the negative control) in this particular genus-Alternaria sp. Results showed that the 

p-value is 0.01 which is lower than the confidence level set at 0.05. This implied that the treatment made a 

significant effect on the zero growth of the fungi specie under study.  With the multiple comparison statistical test 

or Dunnett’s test, it was shown that both the 3-minute and 10-minute treatment time has extremely significant 

effect for the death of the fungi specie. However, the only exception came from the 5- minute treatment time, 

particularly for petri dish #2, which shows no significant effect with the treatment. The other remaining treatment 

Figure 4.1 Growth rate plot of Alternaria sp. in Petri dish 1 
 

Figure 4.2 Growth rate plot of Alternaria sp. in Petri dish 2 
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times have shown significant effect with the treatment. The q values were summarized in table 3.1. The q values 

greater than 3.33 with p values less than 0.05 were considered as significant. Evidently, the 3-minute treatment 

time is enough to kill the entire colony. A treatment done in more than three minutes might provide the extra time 

for the fungi to recover from its demise. 

 

Table 3.1 Q and p values for Alternaria sp. after One Way ANOVA and Dunnett’s test 

Comparison Mean Difference q value p value 

Control versus 3 mins. 3.732 4.988 P < 0.01 

Control versus 5 mins. 1.557 2.080 P > 0.05 

Control versus 6 mins. 2.686 3.589 P < 0.05 

Control versus 9 mins. 3.001 4.010 P < 0.05 

Control versus 10 mins. 3.732 4.988 P < 0.01 

Control versus 18 mins.  2.738 3.659 P < 0.05 

 

3.2 Paecilomyces sp. isolates Growth rate 

 Similar to Alternaria sp., graphs were plotted to show the linear phase of the radial growth rate of 

Paecilomyces sp. isolates. These were shown in figures 4.3 and 4.4. The growth rates were calculated according 

to the exponential equation of the line and the slope of the linear phase. The mean growth in the two replicates 

were analyzed using One-way ANOVA. 
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Figure 4.4 Growth rate of Paecilomyces sp. on petri dish 2 

Figure 4.3 Growth rate of Paecilomyces sp. on petri dish 1 
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 Statistical results show that the variation of the means in the study group were not significant. The 

calculated p value was 0.07. In Dunnett’s test, the 3-minute, 5-minute and 10- minute treatment time demonstrated 

significant effect in the treatment of this fungi specie. Table 3.2 shows the q values for the comparison of the 

groups. To be considered as significant, q values must be greater than 3.33 with p values not greater than 0.05. 

Results showed that the treatment plan only stunted the growth of this particular fungi specie. Since no genomic 

characterization was actually done, the actual DNA base pair size for this sample might be different from the DNA 

base pair size taken from the genome database. 

 

Table 3.2 Q and p values for Paecilomyces sp. after One Way ANOVA and Dunnett’s test. 

Comparison Mean Difference q value p value 

Control versus 3 mins. 8.617 3.722 P < 0.05 

Control versus 5 mins. 7.747 3.346 P < 0.05 

Control versus 6 mins. 6.648 2.871 P > 0.05 

Control versus 9 mins. 6.777 2.927 P > 0.05 

Control versus 10 mins. 7.959 3.437 P < 0.05 

Control versus 18 mins.  4.794 2.070 P > 0.05 

 

3.3 Growth rate in Geotrichum sp. 

The radial growth rates of Geotrichum sp. were shown in figures 4.5 and 4.6. As shown in the graphs 

(figures 5.5 and 5.6), the slope or the growth rate for the control group appeared to be larger compared to the slope 

of the treatment groups. Additionally, the slope for the other treatment time seemed to have low variation. This 

simply means that the treatment has significantly stunted the growth of this particular fungi specie. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.5 Growth rate of Geotrichum sp. in petri dish 1 

 

 

Figure 4.6 Growth rate of Geotrichum sp. in petri dish 2 
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Statistical tests showed that p value at 1.6 x 10-3 was considered very significant. The comparison test of 

the exposure times versus control has showed extremely significant difference. Similar to the previous fungal 

genera, the q values must be greater than 3.33 with p values less than 0.05. In table 3.3, the q values for the 

exposure times were summarized.  

  

Table 3.3 Q and p values for Geotrichum sp. after One Way ANOVA and Dunnett’s test. 

Comparison Mean Difference q value p value 

Control versus 3 mins. 13.013 7.001 P < 0.01 

Control versus 5 mins. 12.987 6.986 P < 0.01 

Control versus 6 mins. 13.002 6.995 P < 0.01 

Control versus 9 mins. 12.592 6.774 P < 0.01 

Control versus 10 mins. 12.904 6.942 P < 0.01 

Control versus 18 mins.  10.140 5.455 P < 0.01 

 

 

3.4 Growth rate analysis for all the fungi samples 

 One way ANOVA was performed in all the growth rates of the sample to evaluate the variance of the 

entire samples (across the three fungi genera). The resulting p value (1.79 x 10-3) was considered significant. In 

the multiple comparison tests, the 3-minute and 10-minute treatment times were considered very significant while 

the 18-minute period has not shown significance. Exposure periods: 5 minutes, 6 minutes, and 9 minutes were 

also considered significant. To be considered as significant, the q values should be greater than 2.70 with p values 

less than 0.05.  

 

Table 3.4 Q values (Dunnett’s test) for the growth rate of the entire study group 

Comparison Mean Difference q value p value 

Control versus 3 mins. 8.454 3.521 P < 0.01 

Control versus 5 mins. 7.430 3.094 P < 0.05 

Control versus 6 mins. 7.445 3.100 P < 0.05 

Control versus 9 mins. 7.456 3.105 P < 0.05 

Control versus 10 mins. 8.198 3.414 P < 0.01 

Control versus 18 mins.  5.890 2.453 P > 0.05 

 

 This statistical test was done to determine the optimum time in the presence of the three samples used. 

Since these microorganisms coexist on an actual painting, the ideal time to kill or stunt the growth for these three 

simultaneously should be identified. According to the results, the most effective and (at the same instance) most 

practical treatment duration was at the 3-minute exposure time. 

 

3.5 Rife Machine Efficiency 

Majority of the fungal samples has shown growth in post treated sub-cultures. In this study, the species 

in the fungi sample used were not isolated since the colony was characterized by its genera. In calculating the 

devitalizing frequencies (MOR), the DNA base pairs were taken into account. On the other hand, the growth rate 

of the samples, as compared with the untreated sample, has shown significant decrease within a 3-minute treatment 

time. This suggests that the species present in the colony have been killed in one particular fungi specie and it has 

been greatly reduced for the other remaining fungi species. Since the MOR or the natural frequency was very 

specific for certain microorganism, the machine would have failed to kill other species present in the genera 

because of the incorrect DNA base pair size used in the genome database. Furthermore, cell’s resilience to 

mechanical stimulation or oscillation of the treatment might be an added factor in fungi recovery [11]. 

The three minute treatment time has shown a very significant effect on the growth rate deceleration as 

compared with the negative control. In Dr. Rife’s experiments, most of the protocols include a 3-minute and 5-

minute exposure time. It was according to Dr. Rife that these periods were enough to kill most of the 

microorganisms using his Mortal Oscillatory Rates. However, there has been no concrete explanation on the effect 

of the treatment duration on debilitating the microorganisms.  

The frequencies used for this study were calculated on a cellular level. According the results, treatment 

time that have exceeded a 10 minute period has shown no significance on the decrease of growth rate. These 

suggests that for treatments longer than 10 minutes of exposure would have less effect on stunting the fungal 

growth. A theory postulated by Frolicsh would explain this phenomena. According to this theory, vibrational 

stimulations on the biological system that surrounds the cell would accumulate energy that helps the cell 

proliferate [12-14]. The microtubules are electrical polar structures that would emit EM field when it vibrates. 

These were networked to the plasma membrane which, in turn, oscillates the cell membrane. As the cell membrane 
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oscillates, its charges would be excited. This results to an increased activity that helps the cell repair and transfer 

nutrients. No activities were evident within the 10 minute exposure of yeast cells on a MHz frequency range [13]. 

Therefore, the frequencies irradiated on the samples have produced sideband frequencies that resonate with its 

cell’s biological system. On a longer period, the damaged (not killed) cells would have repaired itself.  

 

 

4. Conclusion 
Results showed that there had been a significant decrease in the growth rate in most of the treated fungi 

samples (Alternaria sp., Geotrichum sp., and Paecilomyces sp.) as compared to the negative control. However, it 

cannot completely obliterate the fungal population present. This is due to the specificity of the resonance 

frequencies used for the treatment. Furthermore the mechanical excitation for other species in the colony may 

cause speedy proliferation due to increased cell activity. The three (3) minute and ten (10) minute exposure time 

showed a significant decrease for the whole study groups. However, for every fungi genera, the effective time of 

exposure that was significantly comparable to the negative control group varied. Three (3) minute treatment time 

is enough to reduce fungal growth and even kill the fungus population but a longer treatment time did not show 

any significant effect in the reduction of the fungal colony. 

For future studies in the efficiency of Rife Machine on fungal treatment, we recommend the use of a larger 

sample size for better statistical results and choosing less than three minutes of treatment time. Genomic 

characterization of the target specie has to be undertaken to determine the exact DNA base pair size. An actual 

treatment on an oil, water, or charcoal paint media is highly suggested to see if the results of the study either 

conforms or varies for an actual oil paint media surface.  
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