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Abstract: Fusarium fruit rot is caused by Fusarium oxysporum is one of the damaging postharvest losses in tomato production. Synthetic pesticides are 
widely and repetitively used to control this disease, unfortunately, it lead to detrimental effects on human health, environment and increase fungal 
resistance. This study aimed to identify Fusarium oxysporum by both morphological and molecular characterization that caused tomato fruit rot, as well as 
to study the effects of edible coating agents in vitro towards Fusarium oxysporum mycelium growth. In this study, pathogenicity test showed Fusarium 
oxysporum is most sever fungi with disease severity 72%, as well as among coating agents 5% CaCl2 was able to inhibited mycelium growth of  Fusarium 
oxysporum up to 53.5% and 15 mM vanillin up to 76.68%. This study proved that 15 mM vanillin has a potent natural antifungal agent against Fusarium 
oxysporum mycelium growth. 
 
Index Terms: Antifungal activity; edible coating; Fusarium oxysporum; Gum Arabic; vanillin; chitosan; tomato 

——————————      —————————— 

 

1. INTRODUCTION 
Postharvest diseases cause a great reduction in quantity and 
quality of tomato fruit yield [1]. Fusarium oxysporum is a 
causal agent for tomato fruit rot with a disease incidence of 
85.6% in Malaysia [2].Tomato fruit is susceptible towards 
infections of F. oxysporum due to its succulent epicarp, which 
enable the fungal hyphae to penetrate deeply into the fruit [3]. 
Fusarium sp often causes tomato fruit softening, water-
soaking, follows by white, yellow or pinkish mycelium covering 
and finally the infected tissue area discolored or appeared as 
pale brown when it became severe, this fungi become sever 
after 14 days of the infection with disease severity 85.6%. [4, 
5]  Synthetic fungicide treatment such as benomyl, 
carbendazim, prochloraz, fludioxonil, bromuconazole [6] has 
been the main method in controlling postharvest diseases. 
However, these fungicides have been restricted due to their 
carcinogenicity, teratogenicity, high and acute residual toxicity, 
long degradation period, environmental pollution and 
detrimental effects on human health [1]. Some promising 
biological practices such as antagonistic microorganisms and 
natural compounds have been currently proposed as 
alternatives to synthetic fungicides mainly in postharvest 
diseases management [7]. Among the strategies edible 
coating is one of the current highlight [8]. Due to the semi-
permeable barrier to water vapor and gaseous exchange 
behaviour, coating treatment could reduce greater weight loss 
of fresh produce, modified respiration rate, delay senescence 
and control postharvest decay [8].  

 
There were several types of fruit coating materials, for 
instances, chitosan [9], Aloe vera [10], calcium chloride [11], 
gum Arabic [12] and vanillin [13]. These materials were 
reported to prolong storage life of fruit, maintain quality, 
delaying senescence and control decay of pathogen during 
storage. To date, several researchers were explored chitosan 
treatment. Liu [14] reported that 5 g/L chitosan enhanced 
ginger resistance to rhizome rot caused by F. oxysporum in 
storage. In other reports, 4 g/L chitosan was reduced 60% 
disease severity of Fusarium rot in potato tuber [16]. According 
to Wang [15] 1.5% chitosan control disease incidence by 
81.3% in strawberries fruit stored at 10ºC for 9 days. By 
applying 4% chitosan mycelial growth of F. oxysporum was 
significantly inhibited by 88.4% in potatoes [13]. On top of this, 
0.5% chitosan inhibited mycelium growth of bacteria 
Bacteroides and Clostridium by 91 and 97%, respectively in in 
vitro study [17]. Meanwhile, vanillin was also reported to have 
a potent inhibition on table grape decay during 35 days of cold 
storage [13].  Ngarmsak [18] found that the use of 80 mM 
vanillin significantly delayed the development of fungi species 
in fresh-cut mangoes, mangosteens and pineapples during 5 
and 10°C storage. Furthermore, 0.625 mg/mL vanillin 
suppressed Botrytis cinerea in PDA medium that left under 
dark condition at 22 ± 2ºC [19]. Takma [13] found out that 25% 
Aloe vera inhibited 12% mycelium growth of Penicillium 
digitatum. Sitara [20] found out that 25% Aloe vera inhibited 
Aspergillus niger mycelium growth by 24.29%. Biggs [21] 
reported that 10% of calcium chloride inhibited the mycelium 
growth of Colletotrichum gloeosporioides by 41%. Maqbool 
[22] showed that 5% gum Arabic inhibited Colletotrichum 
musae conidial germination by 60.4%. Alamri [23] reported 
that 10% gum Arabic inhibited mycelium growth of Botrytis 
cinerea up to 60% in the PDA medium that incubated for 7 
days. Up to now, very little attention has been paid on different 
coating agents on tomato fruit during storage. Therefore, this 
study was conducted to identify Fusarium oxysporum by both 
morphological and molecular characterization which caused 
tomato fruit rot, as well as to study the effects of edible coating 
agents in vitro towards fruit rot pathogens.  
 

2. MATERIALS AND METHODS 
 
Sample collection 
170 tomato fruit infected by fruit rot diseases as per symptoms 
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water-soaked and whitish mycelium were collected from 
various palaces, Seri serdang, Kajang, Puchong, Cheras, 
Bangi and Cyberjaya in Selangor, Malaysia (3.02193° N, 
101.70554° E). Immediately, the infected tomato fruits were 
transported to the Laboratory of Postharvest, Department of 
Crop Science, Faculty of Agriculture, Universiti Putra Malaysia.  
 

3. ISOLATION OF FUSARIUM SP PATHOGEN  
Pathogen isolation was carried out by method as described by 
Yu [24] with slight modification. The infected tomato fruit skin 
from the symptomatic border and asymptomatic tissue was cut 
in 5 × 5 mm

2
 using a sterilized scalpel blade (Figure 1. A). The 

infected cut tissue was sprayed using 70% v/v ethanol for one 
min and rinsed several times using sterile distilled water. The 
excised tissues were dried for 4 min on an absorbent filter 
paper inside a laminar flow (Labconco, Kansas City, MO, 
USA). Once the tissue has dried, it was inoculated onto petri 
dishes containing potato dextrose agar medium (PDA) (Difco, 
USA) (39 g PDA in 1 L distilled water) (Figure 1. B). the plates 
were incubated at 26 ± 2°C until the fungus colonies appeared 
in the plate (Figure 1. C). A hyphal tip derived from a single 
colony was cut and transferred onto new and fresh PDA and 
then incubated with 12 h fluorescent light and 12 h darkness 
for 7 days, the plate was sub-cultured until a pure culture was 
obtained. The pure cultures were transferred again to new 
fresh PDA and incubated at 26 ± 2°C for 7 days. The isolated 
pathogen was maintained in PDA slant at 4 ºC for future 
usage.  
 

 
Figure 1: (A) Infected fruit for hyphal tips. (B)  Isolation of 

infected fruit skin on PDA.  (C) Isolated fungi started to grow 
on PDA media. 

 

4. IDENTIFICATION OF FUNGI BASED ON 

MORPHOLOGICAL CHARACTERISTICS 
 A 5-mm diameter of mycelia plug from a pure culture of the 
one-week-old isolate was taken spatially from the active 
sporulating area and cultured centrally on a new petri dish 
containing approximately 20 mL of PDA [4]. Cultural and 
morphological characters such as the appearance of the 
fungal colony, type of aerial mycelia, upper and lower surface 
pigmentation and fungal growth rate were described after the 
fungus has covered the whole agar plate. The mycelium 
growth rate of fungi was calculated in mm every three days for 
9 days [3]. Meanwhile, the conidia of the pathogen were 
harvested from 7-day old cultures by flooding the PDA surface 
using sterilized distilled water. Then, it was gently agitated by 
using a bent glass rod to dislodge the spores. The resulting 
suspension was filtered through two layers of sterile muslin 
cloth. The conidial suspension was stained using lactophenol 
cotton blue and fixed onto the glass slide before observing 
under a light microscope (Olympus BX51, coupled with a 
camera Olympus DP70, Tokyo). Length and width of 100 
conidia were randomly measured by using an ocular and stage 

micrometers. Length to width ratio, mean and standard 
deviation were calculated using summary statistics in SAS 9.4 
version (SAS Institute Inc., Cary, North Carolina, USA). 
Conidial color, shape, and presence or absence of septation 
were recorded and photographed by using a Dino Eye 2.0 
eyepiece fixed on a microscope. The macroscopic and 
microscopic characteristics of the fungal isolates were 
compared based on specialized literature of Fusarium sp 
[1,25]. Then, the cultures of the pathogens were randomly 
selected and kept at 4°C on PDA slants for further 
identification and inoculation purpose.  
 

5. MOLECULAR IDENTIFICATION OF FUNGI BASED 

ON RIBOSOMAL DNA INTERNAL TRANSCRIBED SPACER 

(RDNA-ITS) REGIONS 
 

6. EXTRACTION OF FUNGAL DNA 
Pure culture of Fusarium sp, was isolated with three samples 
of fungi that grew on PDA for 7 days at 26 ± 2°C, and the DNA 
of the pathogenic isolates was extracted using a DNA 
extraction kit (QIAGEN DNA Mini Kit, HB-1166, Germany). 
Freshly grew isolated mycelium was gently scraped using a 
sterilized scalpel, put in liquid N2, and grounded using a small 
ceramic kitchen pestle and mortar (UNITED SCIENTIFIC 
PPM075 Mortar and Pestle, 125 mL, USA) for 30 s. Then, the 
mycelium was transferred to 1.5 mL centrifuge tubes and 
added 400 μL buffer AP1 and 4 μL RNAase A. It was then 
vortexed, incubated at 65°C for 10 min, and inverted 2-3 times 
throughout incubation. After that, 130 μL P3 buffer was added, 
homogenated and incubated on ice for 5 min, and centrifuged 
at 20,000 x g for 5 min. The aliquot was transferred into a new 
micro-centrifuge tube of 2 mL and centrifuged at 20000 x g for 
2 min. Then, the supernatant was transferred to a new micro-
centrifuge tube of 2 mL and 1.5 mL AW1 buffer was added. 
After that, a clear mixture of 650 μL was transferred to a new 
micro-centrifuge tube of 2 mL and centrifuged for 1 min at 
6000 x g while the cellular debris was discarded. Then, 500 μL 
AW2 buffer was applied, centrifuged at 6000 x g for 1 min, 
clear supernatant was collected and transferred into a new 
micro-centrifuge tube while the cellular debris was discarded. 
Then, 500 μL AW2 buffer was added and centrifuged at 20000 
x g for 2 min supernatant was discarded. Then, 100 μL AE 
buffer was added to the remaining pellet and incubated for 5 
min at room temperature (26 ± 2°C) then centrifuged for 1 min 
at 6000 x g for elution. The extracted DNA was stored at -20°C 
for further analyses. 
 

7. QUANTIFICATION OF DNA 
A one μL of DNA was diluted by adding 99 μL of sterilized 
distilled water in a 1.5 mL micro-centrifuge tube. DNA 
concentration was ascertained using a NanoDrop ND-1000 
spectrophotometer (Cecil Model 2502 2000 series; Cecil 
Instruments Ltd., Cambridge, UK) at wavelengths of 260 and 
280 nm. DNA extracts with the absorbance ratio (A260 : A280) 
at a range of 1.7-2.0 were selected as pure DNA samples 
(Price et al., 1993). 
 

8. POLYMERASE CHAIN REACTION 
The internal transcribed spacer (ITS) region of rDNA was 
amplified using the universal primers ITS1 and ITS4 (Manoj et 
al., 2016). The forward primer: ITS1 (5´ 
TCCGTAGGTGAACCTGCGG-3´) and reverse primer: ITS4 
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(5´-TCCTCCGCTTATTGATATGC-3´) were synthesized by 
First Base Laboratories Sdn Bhd, Malaysia. The amplification 
was carried out in thermocycler (Bio-Rad Cycler) to a final 
volume of 25 μL comprising 12.5 μL 10 mM Dream Taq Green 
PCR Master Mix (Thermo-Fisher Scientific, USA), 1 μL 0.4 μM 
ITS1, 1 μL 0.4 μM ITS4, 4 μL DNA template, and 6.5 μL 
nuclease-free water. Thermal cycling programs started with 1 
cycle of initial denaturation at 95°C for 4 min, followed by 40 
cycles of denaturing temperature at 95°C for 1 min, annealing 
at 55°C for 1 min, extension at 72°C for 1 min and a final 
extension at 72°C for 5 min. This experiment was conducted in 
the Laboratory of Virology, Department of Plant Protection, 
Universiti Putra Malaysia. 
 

9. ELECTROPHORESIS 
The amplified DNA fragments were viewed using agarose gel 
electrophoresis. A 5 μL of each PCR product was run in 1.5% 
(w/v) agarose added with 1 μL Midori Green DNA. A 1 kb DNA 
ladder (GeneRulerTM, Fermentas, Life Sciences) was used as 
a molecular size standard marker. Gel electrophoresis was 
performed using Mini Sub TM DNA Cell (Bio-Rad Laboratories 
Inc., USA) with 70 volts current supplied by power supply 
model 1000/500 (Bio-Rad Laboratories Inc., USA) for 60 min. 
The gel image of the PCR products was visualized and 
photographed via an Alpha Imager System (Alpha-Innotech, 
Siber-Hegner, UK). Purified PCR products were submitted for 
sequencing (First Base Sdn Bhd, Malaysia). DNA sequences 
were aligned using BioEdit Sequence Alignment Editor 
Software (version 7.2) and compared to other sequences 
available in the database from the National Center for 
Biotechnological Information (NCBI) using Basic Local 
Alignment Search Tool (BLAST).  
 

10. PATHOGENICITY TEST 
20 healthy tomato fruit that is uniform in shape and maturity, 
weight ranged between 90-110 g and free from any defect was 
selected and transported to the Laboratory of Postharvest, 
Department of Crop Science, Faculty of Agriculture, Universiti 
Putra Malaysia. The fruit was surface sterilized with 0.05% 
sodium hypochlorite solution, rinsed with sterilized distilled 
water, and air-dried under an aseptic condition in a laminar 
flow chamber for 30 min. Pathogenicity test was done 
according to Shi and Chehri [15,3] with slight modification. 10 
mL sterilized distilled water was poured into a-week-old culture 
of F. oxysporum and the surface was scraped lightly with a 
bent glass rod. The conidial suspension obtained was filtered 
through a double layer sterilized muslin cloth and centrifuged 
for 5 min at 4000 x g. The conidial counts were adjusted to 2 x 
10

6
 cfu/mL

 
conidial suspensions using a hemocytometer. A 

wound (1 mm × 4 mm) was made on the surface of tomato 
fruit using a sterilized inoculation needle, and then 50 µL 
antagonistic fungal suspension was inoculated into the wound 
2 h later. Sterilized distilled water was used as a control, and 
inoculated tomatoes were allowed to air dry for 15 min in a 
laminar flow chamber under aseptic condition. The inoculated 
fruit was placed in a plastic container together with damp 
tissues to maintain relative humidity (RH) of 85 ± 5% and 
incubated at 26 ± 2 ºC for 10 days. The fruit was observed 
every 2 days until the rot disease symptoms, mycelium growth 
and spores were seen on the diseased tissue.  The infected 
tissue was re-isolated from tomato then compared with initial 
pure culture to fulfill the postulate of Robert Koch [27]. The 

pathogenicity test experiment was arranged in a completely 
randomized design (CRD) with four replications and each 
replication had five fruit. During the incubation period, the 
severity was assayed according to the method of Mohamed 
[28] with slight modification. Fruit disease severity was 
evaluated based on visible symptoms, rots, spots, and 
decayed areas on each fruit skin in each storage interval. For 
disease severity assessment, five-point disease severity score 
was used as shown in Table 1. 

 
11. IN VITRO EVALUATION OF EDIBLE COATING AGENT 

FOR ANTIFUNGAL ACTIVITY 
 

12. EDIBLE COATING AGENT 
Edible coating agent such are chitosan (85% deacetylation) 
was purchased from Enviro Clean Energy Sdn Bhd., (ECO. 
www.kitosan.my). Gum Arabic was purchased from Mahnaz 
Food Shah Alam, Selangor, Malaysia. Calcium chloride 
(Merck) was purchased from BIS Chemicals Sdn Bhd. Food 
grade Aloe vera (Aloe Shafy™) was provided by PIJ 
Manufacturing Sdn Bhd. The Aloe vera gel contains sodium 
erythorbate (C6H7NaO6), and citric acid (C6H8O7) as its 
ingredients. Vanillin (99%) was supplied from Evergreen 
Engineering & Resources Sdn Bhd 43500 Semenyih, 
Selangor, Malaysia. Mentioned coating agents‘ antifungal 
activity was evaluated in vitro against F. osxysporum. 
 

13.  ANTIFUNGAL TEST OF THE COATING AGENTS 
In vitro antifungal test was evaluated according to the method 
of Rattanapitigorn [19] using the poison agar technique. PDA 
medium was prepared by containing different concentrations 
of edible coatings agents such as chitosan with a 
concentration of 0, 0.5, 0.75, 1, 1.25, and 1.5%; gum Arabic 
with a concentration of 0, 5, 10, 15 and 20%; calcium chloride 
(CaCl2) with concentration of 0, 2, 3, 4 and 5%; Aloe vera gel 
with concentration of 0, 5, 10, 15 and 20%; and vanillin with 
concentration of 0, 5, 10 and 15 mM. Then, 20 mL of 
homogenized PDA was poured into petri dishes (90 mm 
diameter). A fungal plug (6 mm) from a pure culture of F. 
oxysporum was placed in the center of the PDA petri dishes. 
Petri dishes containing PDA served as control. Petri dishes 
were incubated at 26 ± 2 ºC, and the measurement of radial 
growth was recorded daily until the fungus reached the edge 
of the plate, which was 9 days at the most. Percentage 

http://www.kitosan.my/
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inhibition of radial growth (PIRG) was calculated after 9 days 
of incubation using a standard formula [29] % Inhibition of 
radial growth (PIRG) = R1 – R2 / R1 x 100% 
Where R1 is the radial growth of fungus in the control plate 
(mm), while R2 is the radial growth of the fungus in the coating 
agent containing plates (mm). The mycelial growth area was 
calculated considering the colonies grew in a circular regular 
manner according to Sofuni et [30]. The mycelial growth area 
was plotted as a function of time and the curve was fitted with 
a linear model. The mycelium growth diameter was accessed 
every three days until day 9 where the control fungi filled the 
petri dish.  
 

14. STATISTICAL ANALYSIS 
The treatments were arranged in a completely randomized 
design (CRD) in five replicates with each coating agent and 
concentration. All data were subjected to analysis of variance 
(ANOVA) where significant (P<0.05) differences between 
means were determined by the least significant difference 
(LSD). The data analyses were performed using a statistical 
analysis software (SAS) version 9.4 (SAS Institute Inc., Cary, 
North Carolina, USA). The entire experiments were repeated 
five times and the data were pooled before analysis. The data 
in percentages were transformed using square root 
transformation before determining the significance level using 
LSD (Gomez and Gomez, 1984). 
 

15. RESULTS 
 

16. FRUIT ROT SYMPTOMS AND PATHOGEN ISOLATION 
In this study, the pathogen was isolated from fruit that had 
been infected with diseases (Figures 2. A, B and C). The outer 
surface of the infected fruit appeared as a pale white lesion 
with powdery discolored spot and covered by white and 
pinkish mycelium. The infected area was softer and slightly 
sunken as compared to unaffected fruit parts. The disease 
usually appeared within a week after storage depending on the 
storage condition. The fruit had three to eight lesions that 
covered most part of the fruit surface at the later stages of 
storage. The study from previous researchers have found out 
that disease infected tomato fruit showed similar symptoms as 
above where pale white skin with white pinkish mycelia was 
observed [31].  A similar symptom of diseases was also 
reported by the major tomato fruits producer country where it 
is known as postharvest fruit rot and the symptoms appeared 
during transportation and storage [1, 5] 

 

 
Fig. 2: Symptoms of disease infected tomato fruit rots with soft 
and sunken tissue and fruit covered by white pinkish mycelium 

in different fruit and different severity (A, B & C). 
 

17. IDENTIFICATION OF FUNGI BASED ON 

MORPHOLOGICAL CHARACTERISTICS   
Fungus colony was observed as having pinkish-centered with 
white margin from the bottom view of petri dish during 10 days 
of incubation in PDA (Figure 3. A). Pinkish color with white 
fluffy mycelium on the margins of the growth area was also 
observed from the top view of petri dish during 10 days of 
incubation in PDA (Figure 3. B). As the mycelium grew and 
filled up the petri dish on day 10, a pinkish white-colored 
colony was observed from bottom of the petri dish (Figure 3. 
A). The top view of this colony was found to have pinkish-white 
colored fluffy mycelium (Figure 3. B). This fungus is 
considered fast growing and needs to be sub-cultured 
regularly. However, the incubation period of 8-10 days on PDA 
was found to be the optimum period to observe the spore 
morphology where the mycelia growth reached 90 mm in 
diameter (Figure 3.B). 

 
Fig. 3: Colony of fungus after 10 days of incubation at 26± 

2°C. A: bottom view. B: top view. 
 
From microscopic observation, it was found out that conidia 
were curved at the end (canoe shape) and taper at the apex 
with 2-5 septate (Figure 4). The colony and conidia 
characteristic determined in this study matches Fusarium sp. 
as described by Chehri and Ignjatov [32,33].   

 
Fig. 4: microconidia of Fusarium oxysporum at 400X 

magnification using a light microscope 
 

18. MOLECULAR IDENTIFICATION OF FUNGI BASED ON 

RIBOSOMAL DNA INTERNAL TRANSCRIBED SPACER 

(RDNA-ITS) REGIONS 
A molecular identification study was carried out to identify 
pathogen species due to the weakness of morphology 
identification. Morphology identification may cause misleading, 
as some conidia are hard to differentiate up to species level 
through its morphology characteristics. Based on the 
molecular study, DNA of fungus that was amplified using ITS 1 
and ITS 4 primers resulted in 530 bp fragments (Figure 5). The 
nucleotides sequence obtained from the sequencing results 
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was compared with the BLAST database and the phylogenetic 
tree was constructed to identify the exact species where fungi 
belong. Tree dendograms derived from ITS region sequence 
analysis was constructed to show the phylogenetic 
relationships of the fungal isolates obtained (FT01) (Figure 8). 
The ITS sequence was compared with the NCBI GenBank 
database (www.ncbi.nlm.nih.gov/blast) sequences by using 
the BLAST search tool (Table 2).  

Based on neighbor-joining (NJ) of Mega 7.0 analysis with 
1000 bootstrap replications, the phylogenetic tree was 
selected with reference species according to Medina,  Kumar 
and Felsenstein [34, 35,36]. The NJ analysis showed that the 
isolates from tomato fruit were in this reference strains with 
100% bootstrap value 

 
Fig. 5: Gel electrophoresis of fungi FT01 amplified 

approximately 530 bp using ITS 1 and ITS 4 primers. Column 
1: Ladder (GeneRuler™ 1 kb DNA ladder (1000-100 bp)). 

Column 2: PCR sample (fungus). Column 3: control (PCR of 
master mix + primers without DNA sample). M indicates a 

master mix and FT01 shows isolated sample. 
 
The resultant NJ analysis showed that the isolated sample 
(FT01) was grouped with strains of Fusarium species (Figure 
6). Almost no variation was observed among the sequences of 
F. oxysporum isolate, which were clustered, in the same group 
with the highest homology of 100%. These analyses supported 
the results obtained in morphological study and thus confirmed 
that F. oxysporum was identified as the causative agents of 
tomato fruit rot. 

 
Fig. 6: Phylogenetic tree of fungus FT01 using maximum 
likelihood method with the bootstrap score 1000. The out-

group is Collectotrichum gloeosporioides. Evolutionary 
analyses were conducted in MEGA7. 

 
Figure 6 indicates that the isolated sample (FT01) was found 
to show high similarity with the reference isolates of F. 
oxysporum (GenBank accession no. K577910 and 
MG557855). Reference isolate colletotrichum gloeosporioides 
(KC010549) were used as out-group for MT012284 reference 
of isolated F. oxysporum. 
 

19. PATHOGENICITY TEST  
After identification morphologically and molecularly the 
pathogenicity test was carried out and it was positive and the 
fruit disease symptoms appeared as early as 4 days after 
inoculation on tomato fruit at 26 ± 2ºC and 60 ± 5 RH (Figure 
7. A). This followed by a white pinkish mass of mycelium at the 
center of the inoculation spot with noticeable slightly brown 
skin and white pinkish mycelium around it during day 6 of 
storage (Figure 7. B). This ultimately led to discoloration with 
the appearance of white pinkish mycelium in the center, and 
extend to whole fruit by day 12 (Figure 7. C) that look exactly 
as the originally isolated fruit. As incubation day progressed, 
lesions with white pinkish mycelium increased gradually 
(Figures 7. A, B & C).  

 
Fig. 7: Pathogenicity tests of inoculated tomato fruit incubated 

at 26 ± 2°C and 60 ± 5% relative humidity in a sterile 
condition.  A- Inoculated fruit with Fusarium oxysporum at day 
4, B- inoculated fruit at day 6 and C- inoculated fruit at day 12. 
 
The pathogenicity studies showed that the fungus had 
significant effects on the fruit rot growth in tomato (Figure 8). 
The severity of the pathogen was 18% at day 4. By day 6 it 
increased to 43% and ultimately the end of the incubation 
period at day 12 the severity has reached up to 100%. 
Inoculated fruit expressed a more severe symptom fruit rot 
disease compared to non-inoculated fruit. The discoloration 
and lesions with white pinkish mycelium were observed at the 
inoculation point and extended to whole fruit by incubation day 
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12. 

 
Fig. 8: Diseases severity of Fusarium oxysporum inoculated 

tomato fruit stored for 12 days at 26 ± 2°C and 60 ± 5% 
relative humidity. Means value in a column followed by 

different letters in each incubation day differed significantly by 
LSD at P≤0.05. Vertical bars indicate standard error of means 
for five replicates. Prior to analysis, the data were square root 

transformed while non-transformed means were shown. 
(n=20) 

 
The fungus was re-isolated from the margins of the lesion. The 
morphological characteristics were compared to originally 
isolated fungi to fulfill Koch‘s postulate and confirmed that this 
pathogen was the causative agent for tomato fruit rot in the 
storage at ambient temperature 26 ± 2ºC and 60 ± 5% RH. 
Based on the observation obtained, the fungi were having 
similar morphology as their original isolated fungi pathogen. 
  

20. IN VITRO EFFECT OF EDIBLE COATING AGENT ON 

INHIBITION OF MYCELIAL RADIAL GROWTH OF 

FUSARIUM OXYSPORUM  
Chitosan is a natural polymer derived from chitin by 
deacetylation. It has been proven to contain antifungal activity 
against numerous types of fungi [37]. The antifungal activity of 
chitosan in different concentration i.e. 0, 0.5, 0.75, 1, 1.25, 
1.5% was tested in PDA medium using a 90 mm petri dish 
against F. oxysporum (Figure 9). 

 
Fig. 9: In vitro effect of different chitosan concentration on 

Fusarium oxysporum. Petri dish A: 0 (Control), B: 0.5, C: 0.75, 
D: 1, and E: 1.5% chitosan after 9 days incubation at 26 ± 2ºC 

and 60 ± 5% relative humidity. 
 
Chitosan concentrations affected the mycelium growth of F. 
oxysporum significantly (Figure 10). However, a low dosage of 
chitosan at 0.5 and 0.75% showed the lowest inhibition of F. 
oxysporum mycelium growth. However, the result showed that 
the maximum inhibition activity was found at a high 
concentration of chitosan, meanwhile, 1.25 and 1.5% chitosan 
inhibited mycelium growth by 30.5 and 31.85%, respectively.  

 
Fig. 10: In vitro effect of different chitosan concentrations on 

Fusarium oxysporum mycelium inhibition after 9 days 
incubation at 26 ± 2 °C. Means value in a column followed by 
different letters are significant by LSD at P≤0.05. Vertical bars 

indicate standard error of means for five replicates. (n=30) 
 
Both in vitro and in vivo study showed that Aloe vera has 
antifungal activity, and it can reduce microbial spoilage rate 
[38]. Figure 11 indicates the antifungal effect on the growth of 
F. oxysorum mycelium treated with different Aloe vera 
concentration i.e. 0, 5, 10, and 15% using PDA media. 

 
Fig. 11: Colony growth of Fusarium oxysporum at day 9 in 

poison agar containing different concentrations of Aloe vera 
(A: 0 (Control), B: 5, C: 10, and D: 15%), incubated at 26 ± 

2ºC and 60 ± 5% relative humidity. 
 
There were significant in inhibiting effects on mycelium growth 
of various concentration of Aloe vera (Figure 12). Aloe vera 
with a 5% concentration had lower mycelium inhibition 
percentage compared to 10 and 15% Aloe vera. However, 
both 10 and 15% Aloe vera treatments were not significantly 
different in mycelium inhibition. 
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Fig. 12: In vitro effect of different Aloe vera concentrations on 

Fusarium oxysporum mycelium inhibition after 9 days 
incubation at 26 ± 2 °C. Means value in a column followed by 

different letters in each chitosan concentration differed 
significantly by LSD at P≤0.05. Vertical bars indicate standard 

error of means for five replicates. (n=20) 
 
Figure 13 indicates the antifungal effect on the growth of F. 
oxysorum mycelium in different concentrations of CaCl2 i.e. 0, 
2, 3, 4, and 5% using PDA media. 
 

 
Fig. 13: Colony growth of Fusarium oxysporum at day 9 in 

poison agar containing different concentration of CaCl2 (A: 0 
(Control), B: 2, C: 3, D: 4 and E: 5%), incubated at 26 ± 2ºC 

and 60 ± 5% relative humidity. 
 
Calsum chloride affected mycelium growth of F. oxysporum 

(Figure 14). As the concentration of CaCl2 increased, a higher 
percentage of mycelium growth inhibited. As concentration of 
CaCl2 increased, inhibition percentage also increased. 5% 
CaCl2 inhibited the growth of mycelium by 53.5%, while 2% 
CaCl2 concentration had inhibited mycelium growth by 16.45% 

 
Fig. 14: In vitro effect of different CaCl2 concentrations on 

Fusarium oxysporum mycelium inhibition after 9 days 
incubation at 26 ± 2 °C. Means value in a column followed by 

different letters in each chitosan concentration differed 
significantly by LSD at P≤0.05. Vertical bars indicate standard 

error of means for five replicates. (n=25) 
 
Figure 15 indicates the antifungal effect of the F. oxysorum 
mycelium growth in different concentrations of gum Arabic i.e. 
0, 5, 10, 15 and 20% using PDA media. 
 

 
 
 
 
 
 
 

 
Fig. 15: Colony growth of Fusarium oxysporum at day 9 in 

poison agar containing different concentration of gum Arabic 
(A: 0 (Control), B: 5, C: 10, D: 15 and E: 20%), incubated at 26 

± 2ºC and 60 ± 5% relative humidity. 
 
Various concentration of GA has different capability in 
inhibiting F. oxysporum mycelium growth (Figure 16). The 
highest inhibiting was found in 5% GA, followed by 10% GA 
and finally 15 and 20% GA. 5% of GA had inhibited mycelium 
growth by 47.10% while 10, 15, and 20% of GA had inhibited a 
lower percentage of mycelium growth by 32.88, 22.36, and 
13.85%, respectively.  
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Fig. 16: In vitro effect of different gum Arabic concentrations 

on Fusarium oxysporum mycelium inhibition after 9 days 
incubation at 26 ± 2 °C. Means value in a column followed by 

different letters in each chitosan concentration differed 
significantly by LSD at P≤0.05. Vertical bars indicate standard 

error of means for five replicates. (n=25) 
 

Figure 17 exhibits the antifungal effects by different 
concentrations of vanillin i.e. 0, 5, 10, and 15 mM on mycelium 
growth of F. oxysorum using PDA media.  

 
Fig. 17: Colony growth of Fusarium oxysporum at day 9 in 

poison agar containing different concentrations of vanillin (A: 
(0) Control, B: 5, C: 10, and D: 15 mM), incubated at 26 ± 2ºC 

and 60 ± 5% relative humidity. 
 
Different concentrations of vanillin had a different effect on the 
mycelium growth of F. oxysporum (Figure 18). The mycelium 
growth was inhibited by 63.56% using 5 mM vanillin, while 10 
and 15 mM vanillin inhibited the growth of mycelium by 73.11 
and 76.68%, respectively. Nevertheless, 10 and 15 mM vanillin 
did not differ from each other.  

 

Fig. 18: In vitro effect of different vanillin concentrations on 
Fusarium oxysporum mycelium inhibition after 9 days 

incubation at 26 ± 2°C. Means value in a column followed by 
different letters in each chitosan concentration differed 

significantly by LSD at P≤0.05. Vertical bars indicate standard 
error of means for five replicates. (n=20) 

 

21. DISCUSSION 
22.  FUNGUS CONFIRMATION 
Tomato fruit suffered from Fusarium fruit rot disease during 
postharvest handling and storage at ambient temperature [39]. 
In Malaysia, it is believed that Fusarium sp is the most 
pathogenic and severe fungi during storage [2, 5]. The 
temperature and RH (26 ± 2ºC and 60 ± 5% RH) used in this 
study were the same as the market condition in order to 
assess the typical disease symptoms developed on the fruit 
during storage. It was found out that the fruit rot symptoms 
were prominent after 4 days of storage where the rotting 
progressed promptly from infected area to healthy tissue and 
finally, the fruit becomes soft, sunken, and covered by white 
pinkish mycelium (Figure 7). 
Previous researchers reported that the stored tomato fruits 
were also infected by postharvest fruit rot with white pinkish 
mass mycelium [6]. The appearance of the disease lesions on 
fruits might be related to the latent infection caused by fruit rot 
fungi [3]. Moreover, the suitable conditions in withering and 
senescing part in the fruit tissue might also cause the latent 
fungi to become active [40]. Based on the cultural 
characteristics and conidial morphology, isolate fungi were 
revealed as the causal agents of fruit rot disease in tomato 
fruit. In general, the fungi isolated from rotten tomato fruit was 
the same in morphological characteristic as those previously 
reported to be involved in tomato fruit rot [2, 5]. Morphological 
characteristic is usually affected by different environmental 
conditions and cannot be used to identify specific fungi 
species. Therefore, the application of molecular technique 
using rDNA ITS1-ITS4 regions was conducted to confirm 
morphological studies due to the high stability of this method. 
In phylogenetic tree analysis, F. oxysporum isolates from 
tomato fruit constituted a strongly endorsed monophyletic 
clade and confirmed the result of morphological analysis. 
Additionally, it was suggested that the nucleotide sequence 
analysis using rDNA-ITS regions is useful in determining the 
taxonomic position of F. oxysporum. Hence, this result further 
illustrated the involvement of F. oxysporum as the important 
causative agents in tomato fruit rot. Based on microscopic 
characteristics, it was observed that the macroconidia of F. 
oxysporum were slender with slightly elongated apical cells 

and macroconidia have 3-5. The hyphal filamentous were 
branched with septation, while the conidiogeneous cells 
were monophialidic. These observations were in concordant 
with Ohara [41] who reported that the isolates of F. 
oxysporum have long apical macroconidia and did not 
produce polyphialides. The macroconidia length varied from 
27 μm to more than 55 μm with 3 to 5 septa and derived 
from monophialides [42]. Fusarium oxysporum could form 
chlamydospores rapidly within 2 to 6 weeks and may appear 
singly, in chains or in clumps [43]. The results of this in vitro 
study was in agreement with Leslie [43] who obtained the 
fungal hyphae was formed singly abundance from 
chlamydospore. Smail [36]  reported that microconidia of F. 
oxysporum were usually absent, but noted that some F. 
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oxysporum produced macroconidia. The present study 
showed that in vitro colony growth of F. oxysporum was 
zonated with white aerial mycelia and pinkish conidial masses. 
Troncoso [44] observed that the colony of F. oxysporum has a 
central mass of white to pinkish mycelium with annular 
zonation. The results from the pathogenicity test showed that 
F. oxysporum was highly pathogenic and caused fruit rot 
development with the symptoms of fruit tissue discoloration, 
sunken lesions, and softening covered with pinkish mycelium. 
In agreement, Bakar and Izzati [5]  reported that F. oxysporum 
was the most severe fungi causing tomato fruit rot by 63% 
occurrence in Selangor, Malaysia. Results from the present 
morphological and molecular studies confirmed that the 
isolated and causative of tomato fruit rot fungi was also F. 
oxysporum. 
 

23. EFFECTS OF COATING AGENTS ON INHIBITION OF 

FUSARIUM OXYSPORUM  
Pathogenic filamentous fungi are the most important causal 
agents of postharvest decay of fresh fruit [2]. Depending on 
the fruit species, cultivar, and a wide range of pre and 
postharvest factors and conditions, the incidence of fungal 
decay can cause considerable economic losses to growers, 
traders and buyers whom often reject fruit if decay is found on 
product [45]. Many researchers reported that even though the 
edible coating agent maintains fruit quality, it has also the 
potential to control or reduce fruit decay during postharvest 
handling [45]. Edible coating that was widely used to control 
fungal diseases as an alternative of a synthetic fungicide are 
chitosan [46], Aloe vera gel [38], CaCl2 [47], gum Arabic [48] 
and vanillin [49]. In this in vitro study higher concentration of 
chitosan inhibited more percentage of F. oxysporum mycelium 
growth than those in low concentration (Figure 10). 1.5% 
chitosan was able to inhibit mycelium growth by 31% as 
compared to 0.5% chitosan. Munhuweyi [50] found out that 
1.5% chitosan inhibited Botrytis sp mycelium growth by 34%. 
In an in vitro study, Kaur [51] found out that 1.5% chitosan 
inhibited mycelium growth of Alternaria sp by 78%. 1% 
chitosan inhibited mycelium growth of Fusarium sulphureum 
by 89% in PDA medium [52]. There is no exact mechanism 
showing how chitosan inhibits the mycelium growth of F. 
oxysporum [53]. However, there was a claim that interaction 
between positively charged molecules of chitosan and 
negatively charged of cell membranes of fungi leads to the 
leakage of proteinaceous and other intracellular constituents 
which finally caused fungi death [54]. The increase of chitosan 
concentration resulted in a higher antimicrobial activity that 
might potent to penetrate through microbial cell membranes 
and perform their intracellular disruptive effect [7]. This may 
explain the potential of high concentration chitosan effectively 
in slowing down F. oxysporum fungi mycelium growth in this 
study. 
Aloe vera gel is rich in polysaccharides and soluble sugars 
with low lipids and hydrophobic properties. The Aloe vera gel 
has been recognized as an innovative antimicrobial coating 
agent associated with main phenolic components of aloe 
plants [10]. The antifungal activity of Aloe vera has been well 
documented in both in vitro and in vivo studies and it is found 
out that it could reduce the respiration rate and microbial 
spoilage of papaya fruit [38]. The present study showed that 
15% of Aloe vera had inhibited the growth of mycelium of 
Fusarium oxyporum up to 34% (Figure 12). Takma and Korel 

(2017) found out that 25% Aloe vera inhibited 12% mycelium 
growth of Penicillium digitatum. Sitara [20] found out that 25% 
Aloe vera inhibited Aspergillus niger mycelium growth by 
24.29%. The antioxidant compound present in Aloe vera might 
help to inhibit the growth of fungi mycelium [55]. This may 
explain the potential of Aloe vera in slowing down F. 
oxysporum fungi mycelium growth in this study. 
Calcium chloride (CaCl2) is widely used as a preservative and 
firming agent in the fruit and vegetable industry [45]. The result 
shows that by increasing the CaCl2 from 2-5% the inhibition 
percentage of mycelium growth of F. oxysporum increased as 
well (Figure 14). Even so, 5% CaCl2 inhibited the mycelium 
growth of Fusarium oxysporum up to 53.5% in this in vitro 
study. A similar result was also reported by Yu [24] where 2% 
CaCl2 inhibited the mycelium growth of Penicillium in vitro 
study. In addition, Biggs (1999) reported that 10% of calcium 
chloride inhibited the mycelium growth of Colletotrichum 
gloeosporioides by 41%. The mechanisms of reducing 
diseases in fruit might be due to the induction resistance of 
host fruit and due to calcium ions interactions between host 
fruit and pathogen [57]. This may explain the potential of CaCl2 
in slowing down F. oxysporum fungi mycelium growth in this 
study. Gum Arabic is extensively used as an edible coating to 
preserve fresh fruit from decay, delay in ripening process 
during storage, and storage life extension [22,58]. By 
increasing the percentage of gum Arabic the mycelium growth 
of F. oxysporum decreased. The highest inhibition percentage 
of mycelium growth was achieved by 5% gum Arabic where 
mycelium growth of F. oxysporum was inhibited with 47.10%. 
Meanwhile, 20% gum Arabic inhibited the F. oxysporum 
mycelium growth by 13.18% (Figure 16). Maqbool [22] showed 
that 5% gum Arabic inhibited Colletotrichum musae conidial 
germination by 60.4%. Alamri [23] reported that 10% gum 
Arabic inhibited mycelium growth of Botrytis cinerea up to 60% 
in the PDA medium that incubated for 7 days. The antifungal 
effect of gum Arabic is due to its high terpene contents [37]. 
Terpenes are biologically active molecules and are considered 
to be part of plant defense systems and the large group of 
protective molecules that have been included in plants named 
as phytoprotectants [59]. This may explain the potential of gum 
Arabic in slowing down F. oxysporum fungi mycelium growth in 
this study. Recently, vanillin has been used widely for 
maintaining postharvest quality, extending shelf life, and 
controlling microorganism spoilage of horticultural 
commodities [13]. It has been reported extensively that vanillin 
is effective in inhibiting the conidial growth of yeast and molds 
in vitro [60]. The antimicrobial property of vanillin is the effect 
of the phenolic compound which makes vanillin effective in 
inhibiting the growth of bacteria, yeasts, and molds [61]. By 
increasing the vanillin concentration, mycelium growth of F. 
oxysporum decreased. 10 and 15 mM vanillin showed higher 
inhibition on mycelium growth than 5 mM by 73.11 and 
76.68%, respectively (Figure 18). Rattanapitigorn [19] reported 
that 12.5 mM vanillin inhibited the mycelium growth of Botrytis 
cinerea by 70%. This may explain the potential of vanillin in 
slowing down and inhibiting F. oxysporum fungi mycelium 
growth in this study. Finding of this in vitro study found that 
coating agent such are chitosan, Aloe vera, calcium chloride, 
gum Arabic has potential to slow down the mycelium growth of 
F. oxysporum, but the inhibition percentage is not more than 
50%. However, vanillin has superb potential in inhibiting 
Fusarium oxysporum mycelium growth with 10 and 15 mM 
successfully inhibited mycelium growth by 73.11 and 76.68%, 
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respectively. Therefore, it is suggested that vanillin is a 
potential compound as an alternative to synthetic fungicide in 
controlling F. oxysporum.   
 

24. CONCLUSION  
This study constitutes the first attempt to assess the presence 
of F. oxysporum on tomato fruit that infected by Fusarium fruit 
rot diseases. Results indicated that after 7 days of incubation 
at 26 ± 2°C, the symptoms of fruit rot disease was significant 
on tomato fruit. In severe cases, the rot expanded to induce a 
rapid decay on the entire fruit. Morphological characters, 
supported by molecular which confirm that F. oxysporum is 
causal pathogens of fruit rot disease in tomato fruit.  
In vitro study revealed that among compounds (chitosan, Aloe 
vera, CaCl2, gum Arabic, and vanillin) investigated; vanillin 
showed good inhibition in retarding F. oxysporum mycelium 
growth especially 10 and 15 mM vanillin. The combination of 
vanillin may enhance the effectiveness of the antifungal effects 
of the chitosan, and thus maximizing the antifungal effects 
against F. oxysporum. 
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