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ABSTRACT 

 

Symbiotic fungi are known to enhance the adaptive ability of their host plants exposed to various environmental 

stresses. This study aimed to quantify different modes of radical scavenging abilities of RSF including 

production of enzymes, phenolics and other antioxidative compounds. Total antioxidant activities of RSF were 

quantified using 2,2-Diphenyl-1-picrylhydrazyl (DPPH) and 2,2'-azino-bis3-ethylbenzothiazoline-6-sulphonic 

acid (ABTS) assays. The production of phenolics was measured using Folin-Ciocalteu assay. Enzyme activities 

were measured in catalase (CAT) and ascorbate peroxidase (APX) katals per milligram dry weight the five RSF 

isolates exhibited significantly higher ascorbic acid equivalent (AAE) production per milliliter of broth 

compared to the broth and water control (86.98+7.28 μg/ml). M. guilliermondii produced the highest AAE 

(182.94+0.17 μg/ml) comparable to the AAE produced by the four other RSF isolates. In the production of 

phenols, all RSF isolates produced significantly higher gallic acid equivalent (GAE) compared to the broth and 

water control. T. simmonsii (709.38+39.40 μg/ml) produced the highest GAE per milliliter of broth. This value 

is more than 3x the GAE produced by the negative control (240.17+91.54 μg/ml). Antioxidant enzyme activities 

(both CAT and APX) were also observed in all the RSF isolates. The preliminary data on this study established 

the potential radical scavenging and stress adaptive mechanisms of dominant RSF isolates found on D. 

quercifolia 

KEYWORDS: Drynaria quercifolia, enzyme activities, phenolic compounds, root symbiotic fungi, total 

antioxidant 

 

INTRODUCTION 

 

 Plants are often engaged to different environmental stress such as salinity, water, light and metal 

stresses [1]. Hence, they often experience formation of reactive oxygen species (ROS) in their normal metabolic 

processes. These ROS may induce detrimental damages in their morphology and physiology which may directly 

or indirectly affect their survival, growth and development [2].  To avoid these detrimental damages caused by 

excessive ROS, organisms have developed adaptive mechanisms to control them sustainably. Production of 

antioxidative compounds including phenolics and enzymes plays a vital role in the reduction of ROS levels as 

well as avoiding oxidative stress [3]. The activities of these enzymes and compounds play an important role as 

being the primary line of defense in eradicating free radicals [4]. In relation to this, previous studies have 

suggested that fungi can be an excellent source of radical scavenging and novel bioactive compounds such as 

alkaloids, flavonoids, phenols, and steroids as well enzymes including catalase and ascorbate peroxidase [5-7]. 

 With the abovementioned benefits that can be acquired from fungi, scientists have focused on the 

feasibility of natural remedies such as fungal symbiosis to plants. Many published studies have mentioned that 

the mutualistic relationship of fungi to plants helped them acclimate to new environmental stresses such as 

desiccation, increased solar radiation exposure, and extreme temperature fluctuations [8]. At the same time, the 

increasing tendencies of climate change affecting agriculture also make the knowledge and practical 

applications on fungi-plant symbiosis an utmost priority. By affecting plant morphology and growth, as well as 

biochemical and physiological responses to stress, symbiotic fungi can promote channels of radical scavenging, 

drought avoidance, drought tolerance and drought recovery in their host plants [9]. This study is therefore 

crafted to determine the antioxidant potentials of RSF through their production of phenolic compounds, 

enzymes and other antioxidative compounds.   
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MATERIALS AND METHODS 

 

 Selection and identification of root symbiotic fungi (RSF): RSF were isolated from Drynaria 

quercifolia fern epiphyte found in Don Mariano Marcos Memorial State University – North La Union Campus. 

This state university is found in Bacnotan, La Union Philippines. The RSF isolates were initially plated in Potato 

Dextrose Agar (PDA) for seven days. The five most dominant RSF isolates were molecularly identified and the 

sequences were submitted to GenBank. The following are five dominant isolates isolated from D. quercifolia 

and their respective accession numbers: (1) F1P3RSF3 - Meyerozyma guilliermondii (KY474516), (2) F2P3RSF5 - 

Trichoderma yunnanense (KY474517),(3) F3P3RSF8 - Trichoderma simmonsii (KY474518),(4) F5P1RSF16 - 

Unidentified Mucoromycotina (KY474524), (5) F9P2RSF21 - Unidentified Mucoromycotina (KY474527). 

 

 2,2'-azino-bis3-ethylbenzothiazoline-6-sulphonic acid (ABTS) test: The protocols of Rufino et al. 

[10] and Rose et al. [11] were adapted for the ABTS test but with few modifications to ascertain accuracy in the 

measurement of total antioxidant activity of the root symbiotic fungal isolates. Three replicates of each of the 

root symbiotic fungal isolates were tested for the ABTS test. The fungal isolates were initially grown in 

Sabouraud dextrose broth (SDB) at 30oC for seven days. Sterile SDB served as the negative control. Seven point 

two millimolar ABTS was prepared by adding 19.2 mg ABTS to 5 ml distilled water. This was added to 140 

mM potassium persulfate solution (37.84 mg potassium persulfate to 1 ml distilled water). Five milliliters of the 

ABTS solution was mixed to 88 μl of potassium persulfate solution. The mixed solution was incubated in the 

dark, at room temperature for 16 hours. After incubation, the solution was diluted with methanol until 

absorbance at 734 nm was at 0.700. One milliliter of each of the fungal isolates that were previously incubated 

was added with 2.9 ml of the mixed ABTS- potassium persulfate solution. This final mixture was incubated for 

2 hours at room temperature. The absorbance was measured at 734 nm. Methanol was used as blank. A standard 

curve of ascorbic acid (0, 5, 10, 20, 30, 40, 50, 100 μg/ml) was used to quantify the antioxidant activity of the 

root symbiotic fungal isolates. According to Aderogba et al. [12], ascorbic acid is widely used as a reference 

standard to test extracts with potential antioxidant activity. 

 

 2,2-Diphenyl-1-picrylhydrazyl (DPPH) test: Three replicates of each of the root symbiotic fungal 

isolates were tested for the DPPH assay. Sterile SDB was used as negative control. The fungal isolates were 

grown for one week in SDB at 30oC. For this assay, 1.5 ml of the DPPH solution was added to 250 μl of the 

fungal culture broths. The DPPH solution was prepared by dissolving 3.94 mg DPPH to 100 ml ethanol. The 

corresponding mixture was incubated at 37oC for 30 minutes. The absorbance was measured at 517 nm using a 

UV-VIS spectrophotometer (APEL PD-303). Methanol was used as blank. A standard ascorbic acid curve (0, 5, 

10, 20, 30, 40, 50, 100 μg/ml; R2= 99.29) was used to quantify root symbiotic fungal isolates' antioxidant 

activity. 

 

 Phenolic activities: The production of phenolic compounds was determined using the Folin-Ciocalteu 

assay. The procedures by Liu et al. [13] and Ravindran et al. [14] were adapted to monitor and quantify the 

phenolic compounds that are manufactured extracellularly. To determine the non-enzyme antioxidants of the 

root symbiotic fungal isolates, the mycelia were initially separated by centrifuging 1.5 ml of fungal culture 

broths at 10,000 x g for five minutes. Three hundred microliters of the Folin Ciocalteu reagent was added to 1 

ml distilled H2O and 660 μl of the culture filtrate. Incubation for two hours was done by placing the mixture in 

the dark at room temperature. Production of soluble phenols was monitored using UV-VIS spectrophotometer 

(APEL PD-303) by measuring absorbance at 760 nm. Gallic acid is the often used standard in Folin-Ciocalteu 

tests for phenolic compounds. In this study, a standard curve of gallic acid (50, 100, 200, 300, 400, 500, 1000 

μg/ml) was used to compute for the gallic acid equivalents (GAE). 

 

 Ascorbate peroxidase (APX) activity: The procedure used by Jiang and Zhang [15] was adapted to 

monitor of the activity of APX for the different root symbiotic fungal isolates. 200 μl of the fungal culture 

filtrate was added to an enzyme assay mixture containing 50mM potassium phosphate buffer (pH 7.2), 0.5 mM 

ascorbic acid, and 0.1 mM H2O2. The corresponding reaction mixture attained a total volume of 1 ml. As 

ascorbate undergoes oxidation, the reaction mixture was monitored for three minutes using UV-VIS 

spectrophotometer by following the decrease in A290 (extinction coefficient 2.8 mM-1 cm-1). The formula 

provided by Wilson [16] was used in the quantification of APX activity. The formula was modified to 

accurately measure enzyme activity per mg dry weight of the root symbiotic fungal isolates. The APX activity 

was expressed in enzyme units. Below is the formula for the quantification of APX activity as enzyme units by 

Wilson [16]: 

 

 ( ∆�290 / 	 ) � ( � / � ) � ( 1000 / � ) 

Where: ϵ = extinction coefficient of APX (2.8 mM-1 cm-1) 
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 a = total volume of the reaction mixture in μl 

 wt. = dry weight of the root symbiotic fungal isolates in mg 

 x = volume of test solution added to the reaction mixture in μl. 

 Unit = Enzyme unit in katals per mg dry weight of root symbiotic fungal isolates. 

  

Catalase (CAT) activity: The activity of catalase in the different root fungal isolates was determined 

according to the method used by Jiang and Zhang [15]. Two hundred microliters of the fungal culture filtrate 

was added to a mixture containing 50 mM potassium phosphate buffer (pH 7.2) and 10 mM H2O2. The reaction 

mixture achieved a total volume of 3 ml. As H2O2 is consumed, the catalase enzyme activity was recorded using 

UV-VIS spectrophotometer by monitoring the decrease in absorbance at 240 nm (extinction coefficient 39.4 

mM-1 cm-1). The formula provided by Wilson [16] was used in the quantification of CAT activity. The formula 

was modified to accurately measure enzyme activity per mg dry weight of the root symbiotic fungal isolates. 

The CAT activity was expressed in enzyme units. Below is the formula for the quantification of CAT activity as 

enzyme units by Wilson [16]: 

( ∆�240 / 	 ) � ( � / � ) � ( 1000 / � ) 

Where: ϵ = extinction coefficient of CAT (39.4 mM-1 cm-1) 

 a = total volume of the reaction mixture in μl 

 wt. = dry weight of the root symbiotic fungal isolates in mg 

 x = volume of test solution added to the reaction mixture in μl. 

 Unit = Enzyme unit in katals per mg dry weight of root symbiotic fungal isolates. 

  

RESULTS 

 

Total Antioxidative Properties 

 The 2,2'-azino-bis3-ethylbenzothiazoline-6-sulphonic acid (ABTS) and the 2,2-Diphenyl-1-

picrylhydrazyl (DPPH) are two of the several standard procedures for the measurement of antioxidant and 

radical scavenging potentials. All root symbiotic fungi (RSF) isolates were found to produce antioxidative 

compounds based on the ABTS and DPPH tests. 

 

Table 1. Ascorbic Acid Equivalent (AAE) production using ABTS assay of the RSF isolates 
RSF Isolate Description AAE production AAE per dry weight  

F1P3RSF3 Meyerozyma guilliermondii 182.94b +0.17 3.90b +0.16 

F2P3RSF5 Trichoderma yunnanense 173.57b +2.63 2.75a +0.51 

F3P3RSF8 Trichoderma simmonsii 179.08b +0.33 3.49ab +0.04 

F5P1RSF16 Unidentified Mucoromycotina 179.75b +1.10 3.87b +0.53 

F9P2RSF21 Unidentified Mucoromycotina 181.10b +0.60 3.03ab +0.23 

Control Broth and Water 86.98a +7.28 - 

Means with different letters are significantly different (ρ=0.05) n = 6. Values are expressed in μg/ml + S.D for AAE production and μg/mg + 

S.D for AAE per dry weight. 

 

 The antioxidant capacities of the different RSF isolates were quantified as ascorbic acid equivalents 

(AAE) using the ABTS test. As gleaned in Table 1, the five RSF isolates exhibited significantly higher AAE 

production per milliliter of broth compared to the broth and water control. M. guilliermondii produced the 

highest AAE (182.94+0.17 μg/ml) comparable to the AAE produced by the four other RSF isolates (T. 

yunnanense = 173.57+2.63 μg/ml; T. simmonsii = 1.79.08+0.33 μg/ml; unidentified Mucoromycotina isolate 

F5P1RSF16 = 179.75+1.10 μg/ml; unidentified Mucoromycotina isolate F9P2RSF21 = 181.10+0.60 μg/ml). All 

these values are significantly higher to the AAE produced by the negative control (86.98+7.28 μg/ml). In terms 

of AAE produced per dry weight, M. guilliermondii still produced the highest value (3.90+0.16 μg/mg) 

comparable to T. simmonsii(3.49+0.04 μg/mg), unidentified Mucoromycotina isolate F5P1RSF16 (3.87+0.53 

g/mg), and unidentified Mucoromycotina isolate F9P2RSF21 (3.03+0.23 μg/mg). T. yunnanense produced the 

lowest AAE per dry weight (2.75+0.51 μg/mg). 

 

Table 2. Ascorbic Acid Equivalent (AAE) production using DPPH assay of the RSF isolates 

RSF Isolate Description AAE production AAE per dry weight  

F1P3RSF3 Meyerozyma guilliermondii 131.05d +0.09 2.79c +0.12 

F2P3RSF5 Trichoderma yunnanense 98.47b +3.53 1.56a +0.27 

F3P3RSF8 Trichoderma simmonsii 118.90c +2.30 2.32bc +0.05 

F5P1RSF16 Unidentified Mucoromycotina 124.67cd +1.60 2.69bc +0.40 

F9P2RSF21 Unidentified Mucoromycotina 126.55d +2.64 2.11ab +0.11 

Control Broth and Water 10.13a +0.71 - 
Means with different letters are significantly different (ρ=0.05) n = 6. Values are expressed in μg/ml + S.D for AAE production and μg/mg + 

S.D for AAE per dry weight. 
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 Table 2 shows the AAE production of the RSF isolates in the DPPH test. It can be observed that all the 

RSF isolates produced significantly higher AAE compared to the negative control. The yeast isolateM. 

guilliermondii (131.05+0.09 μg/ml) and the unidentified Mucoromycotina isolate F9P2RSF21 (126.55+2.64 

μg/ml) produced the highest AAE. Lower AAE produced by the two Trichoderma isolates (T. yunnanense 

=98.47+3.53 μg/ml and T. simmonsii= 118.90+2.30 μg/ml) and the unidentified Mucoromycotina isolate 

F5P1RSF16 (124.67+1.60 μg/ml) but are still significantly greater than AAE produced by broth and water 

(10.13+0.71 μg/ml). In the AAE produced per milligram dry weight, M. guilliermondii produced the highest 

AAE (2.79+0.12 μg/mg) which is significantly higher than the other four RSF isolates (T. yunnanense = 

1.56+0.27 μg/mg; T. simmonsii = 2.32+0.05 μg/mg; unidentified Mucoromycotina isolate F5P1RSF16 = 

2.69+0.40 μg/mg; unidentified Mucoromycotina isolate F9P2RSF21 = 2.11+0.11μg/mg). 

 

Production of phenolic compounds 

 Phenolic compounds are secondary metabolites that play a vital role in providing protection to plants as 

they exhibit antioxidant and other wide range of physiological and radical scavenging properties [17]. All RSF 

isolates were found to produce phenolic compounds based on the Folin-Ciocalteu assay. 

 
 

Figure 1. Gallic Acid Equivalent (GAE) production using Folin-Ciocalteu Assay. Means with different 

letters are significantly different (ρ=0.05) n = 6 (for μg/ml) and 5 (for μg/mg) 

 

 The production of phenolic compounds of the RSF isolates was quantified as gallic acid equivalents 

(GAE). As presented in Figure 1, all the RSF isolates produced significantly higher GAE compared to the broth 

and water control. T. simmonsii (709.38+39.40 μg/ml) produced the highest GAE per milliliter of broth. This 

value is more than 3x the GAE produced by the negative control (240.17+91.54 μg/ml). M. guilliermondii 

(583.86+39.33 μg/ml) and the unidentified Mucoromycotina isolate F9P2RSF21 (637.39+21.77 μg/ml) produced 

GAE comparable to T. simmonsii but significantly higher to the GAE produced by T. yunnanense 

(519.26+11.15 μg/ml) and the unidentified Mucoromycotina isolate F5P1RSF16 (559.87+8.60 μg/ml). Three RSF 

isolates produced the greatest amount of GAE per milligram dry weight (M. guilliermondii = 12.44+0.96 μg/mg; 

T. simmonsii = 13.81+0.61 μg/mg and unidentified Mucoromycotina isolate F5P1RSF16 = 12.06+1.63 μg/mg). 

These values are comparable to the GAE per dry weight produced by the unidentified Mucoromycotina isolate 

F9P2RSF21 (10.65+0.63 μg/mg) but are significantly higher than the GAE produced by T. yunnanense 

(8.20+1.35 μg/mg). 
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Enzymatic activities 

 The catalase (CAT) and ascorbate peroxidase (APX) activities of the RSF isolates were quantified in 

the study. These enzymes are considered as defense front liners in destroying reactive oxygen species [18]. All 

the RSF isolates have comparable CAT and APX activities. 

 
 

Figure 2. Ascorbate peroxidase (APX) and catalase (CAT) production. Means with different letters are 

significantly different (ρ=0.05) n = 5. 

 

 The enzymatic activities of the different RSF isolates were quantified as katals per milligram dry 

weight. Figure 2 shows the mean APX and CAT production by the five RSF isolates. Although all values are 

statistically not significant, the highest mean APX was produced by the unidentified Mucoromycotina isolate 

F5P1RSF16 (3.28+0.64 katals/mg). On the other hand, T. simmonsii produced the highest mean value for CAT 

production (0.95+0.02 katals/mg). The lowest mean value for both APX and CAT were produced by the 

unidentified Mucoromycotina isolate F9P2RSF21 (APX = 2.11 +0.06 katals/mg; CAT = 0.69 +0.04 katals/mg). 

 

DISCUSSION 

 

 The quantified AAE in this study (2.75 - 3.90 μg/mg AAE in ABTS; 1.56 - 2.79 μg/mg AAE in DPPH) 

is contrary to the AAE produced by Trichoderma isolates in the study of Kumaresan et al. [19] where they 

exhibited low content of AAE (0.83 μg/mg). Previous studies have also pointed out the antioxidant property of 

several species in the genus Trichoderma. In the study of Kandasamy and Kandasamy [20], the endophytic 

Trichoderma species isolated from mangroves have various radical scavenging activities at different μg/ml 

concentrations. Potential in vitro antioxidant activities of Trichoderma isolated from T. argentea were also 

observed by Govindappa et al. [21]. The production of phenolic compounds (7.52 μg/mg) by the genus 

Trichoderma was also reported by Kumaresan et al. [19], however, the quantified GAE in this present study is 

much higher (8.20-13.81 μg/mg). They even reiterated that the production of phenolics is also critical as it 

prevents molecular cell damage. On a different study, Al-Askar [22] showed that Trichodermaharzianum 1-SSR 

also has the ability to produce total phenols (53.30 μg/ml). This value is relatively low compared to the total 

phenols quantified in this study (519-637 μg/ml). Enzyme antioxidant activities of ascorbate peroxidase and 

catalase were also studied assessed by Cristica et al. [23]. They found out the enzyme activity of Trichoderma is 

influenced by fungal age and by the various nature of substrates used. APX and CAT activity were also found in 

the saprophytic fungus R. nigricans[24].  

 Studies regarding antioxidant activities of microorganisms have a lot of practical applications. In the 

study of Baniaghil et al. [25], their isolated rhizosphere bacteria with antioxidant potentials also have growth 
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promoting effects to two Canola cultivars under salt stress. Mayak et al. [26] also found out that their plant-

growth promoting bacterial isolates have antioxidant abilities to confer resistance in tomato plants exposed to 

salt stress. Moreover, Arzanesh et al. [27] recognized Azospirillum sp. to exogenously supply antioxidative 

compounds that induced growth to wheat under drought stress. These above mentioned studies highlight the 

promising potentials of microorganisms with antioxidant capacities particularly in the field of agriculture. 

However, most of these studies focus on bacteria. The capacities of fungi to exogenously produce antioxidants 

are still under exploited. Due to sparse literature, this may be a pioneering study to highlight the quantified 

phenolics, enzymatic (APX and CAT), and total antioxidant potentials of the different RSF isolates found in D. 

quercifolia particularly the M. guilliermondiiisolate and two unidentified Mucoromycotina isolates (F5P1RSF16 

and F9P2RSF21). 

 The use chemical additives to sustain plant growth when subjected to environmental stresses cannot be 

avoided. In the field of agriculture, the exposure of these agronomic crops to chemical additives may help to 

sustain their growth and yield but pose health-related risks to end users. Due to these hazards, increased 

demands for environmentally safe food have increased [28]. Therefore, intensified search for substitutes such as 

antioxidant producing fungi as natural exogenous producer of radical scavenging compounds to help plant host 

thrive in hostile environments have become a top priority. This is an environmentally safe method that ensures 

health safety to consumers. 

 

CONCLUSIONS 

 

 This study established the potential radical scavenging and stress adaptive mechanisms of dominant 

RSF isolates found on D. quercifolia due to their production of phenolic compounds, enzymes and other 

antioxidative compounds. All RSF isolates were found to produce antioxidants based on the ABTS and DPPH 

test and the yeast isolate M. guilliermondii have the highest AAE produced for both assays. All isolates were 

also phenolic compound producers where T. simmonsii was found to produce GAE more than 3x the GAE 

produced by the negative control. Antioxidant enzyme activities (both CAT and APX) were also evident to all 

the RSF isolates. 
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