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ABSTRACT 

 

Tuber rot has been reported as one of the limiting factors to porang 

(Amorphophallus muelleri Blume) tuber production. Bacterial infection is one of 
the main causes of tuber rot during storage. In this study, a total of seven bacterial 

isolates obtained from porang tubers were tested for their potency to cause rotting 

on porang tubers. Porang tubers were immersed in bacterial suspension and 

incubated for 14 days. The physical properties of the tubers such as texture and 
color, and the chemical properties such as reducing sugar and ethanol content were 

determined at the end of incubation period. All infected tubers were soft, slimy 

and darker. Two isolates, T4 and T9A, had the highest potency to cause tuber rot 

indicated by the significantly higher reducing sugar content (14.38 and 15.32 
mg/ml) and higher ethanol content (32.17 and 35.05%) compared to control tubers 

which were not infected with bacteria. Both isolates were identified as Bacillus 

altitudinis and Pseudomonas stutzeri, respectively, based on 16S rDNA sequence 

analysis. 
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Introduction 

Porang (Amorphophallus muelleri Blume) is a 

perennial tuberous herb belonging to the Araceae 

family. A. muelleri tuber is rich in glucomannan 

(up to 70%) [1], a polysaccharide with many in-

dustrial uses and health benefits.  This property 

makes porang tuber a valuable commodity. Every 

year, Indonesia exports around 300 tons of porang 

dried chips to Japan, China and Korea [2]. 

The tuber production, however, is hindered by 

the decreasing quality and quantity of tubers due 

to tuber rot. Freshly harvested porang tuber has 

high water content (75–87%) [3], which provides 

a favorable environment for the growth of rot-

causing microorganisms. The climate in Indonesia 

which has warm temperature and high humidity is 

stated to have a role in promoting soft rot disease 

[4]. 

Some of the bacteria that have been reported 

as the cause of tuber rot (also known as soft rot 

bacteria) in Amorphophallus spp. are Pectobacte-

rium chrysanthemi [5], Dickeya dadantii [6], and 

sometimes saprophytic bacteria such as Bacillus, 

Pseudomonas and Clostridium spp. [7]. Bacterial 

infection of tubers occurs through the wound 

caused by harvesting or insect bites. 

Tubers infected with soft rot bacteria undergo 

physical and chemical changes.  The rotting tubers 

become soft and slimy, change color from yellow 

to dark brown or black, and emit an unpleasant 

smell [4]. The severity of soft rot disease had a 

positive correlation with the relative total sugars 

and reducing sugars in potatoes [4]. Volatile me-

tabolites, such as methanol, ethanol, propanol and 

butanol, were produced higher in potatoes that are 

infected with soft rot bacteria than in healthy ones 

[8]. 

Exploration of new pathogen species is im-

portant because the information will be useful in 

determining tuber rot control methods and im-

proving the quality and quantity of tuber.  There-

fore, this study is intended to determine the bacte-

ria isolated from porang tuber that have the high- 
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est potency to cause rotting using physical and 

chemical properties of the tuber as parameters and 

to identify it based on 16S rDNA sequence. 

 

Material and Methods 

     There is a total of seven bacterial isolates that 

were obtained from the collection of Microbiology 

Laboratory, Faculty of Mathematics and Natural 

Sciences, University of Brawijaya. The isolates 

were originally isolated by previous researchers 

from porang tubers cultivated in Rejosari Village, 

Bantur, Malang. The isolation was done during 

storage period of porang tubers.  

  

Bacterial culture preparation 

Bacterial isolates were sub-cultured using 

streak and spread method on NA (Nutrient Agar) 

media and incubated at 30°C for 24 h. The isolates 

were purified based on colony morphology and 

confirmed with Gram staining. If different colo-

nies were found, re-purification was carried out 

until single colony was obtained. The isolates 

were cultured on slant agars and stored at 4°C for 

future needs [9]. 

 

Pathogenicity test 

Pathogenicity test was based on Koch’s Postu-

late principle. Each isolate was cultured in NB 

(Nutrient  Broth) media at 30°C for 24 h. After the 

cell density of each culture was equalized, bacte-

rial suspension was made by inoculating 2 ml of 

bacterial culture into 20 ml of sterile NB in a cul-

ture bottle closed with cotton plug. Porang tuber 

slices were surface-sterilized by soaking in 5% 

NaOCl for two minutes and rinsing with sterile 

water for one minute twice [10]. The tuber slices 

(triplicate) were immersed in the prepared bacte-

rial suspension of each isolate and incubated at 

30°C for 14 days [11]. At the end of incubation 

period, each tuber slice was taken out of the sus-

pension and put in a Petri dish to observe the color 

Sample Preparation for Tuber Chemical Assays 

Each tested tuber slice (2 g) was thoroughly 

pulverized in a mortar and put in a centrifuge tube. 

The bacterial suspension (10 ml) from which the 

tuber slice was taken was added into the same 

tube. The mixture was centrifuged at 5.000 rpm, 

10°C for 10 minutes. Supernatant was used for the 

determination of reducing sugar and ethanol con-

tent. 

 

Reducing sugar assay 

Reducing sugar content in tuber was deter-

mined using spectrophotometric method [12]. The 

prepared supernatant (1.5 ml) was added with 1.5 

ml of distilled water and 3 ml of DNS (dinitrosal-

icylic acid) reagent in a test tube. The mixture was 

vortexed and heated in a waterbath at 90°C for 10 

minutes. After the mixture was cooled down, 1 ml 

of 40% Rochelle salt solution was added. The ab-

sorbance of the mixture was measured at 540 nm. 

Reducing sugar content was calculated from a 

standard curve made by using 2.5, 5, 7.5, 10, 12.5 

and 15 mg/ml glucose solution. 

 

Ethanol assay 

Ethanol content in tuber was determined using 

spectrophotometric method [13]. The prepared su-

pernatant (3 ml) was added with 1.5 ml of potas-

sium dichromate (K2Cr2O7) reagent in a capped 

test tube. The absorbance of the mixture was 

measured at 595 nm. Ethanol content was calcu-

lated from a standard curve made by using 2.5, 5, 

7.5, 10, 12.5 and 15% ethanol. 

 

Data analysis 

The data from tuber chemical assays were ana-

lyzed with One Way Analysis of Variance 

(ANOVA) using IBM SPSS Statistics 20 program. 

Significant difference is indicated with p-value 

less than 0.05. 

 

Bacterial identification 

The isolate with the highest potency to cause 

rotting was selected for molecular identification. 

Bacterial DNA was extracted following the proto-

col from Zymo Research’s Quick-DNA™ Mini-

prep Kit. The 16S rDNA sequence was amplified 

by PCR using the conserved primers 27f (5’-

AGAGTTTGATCCTGGCTAG-3’)  and 

1492r (5’-CTACGGCTACCTTGTTACGA-3’). 

PCR thermal conditions were as follows: predena-

turation at 94°C for 5 min, denaturation at 94°C 

for 30 s, annealing at 55°C for 30 s, extension at 

72°C for 90 s and post extension at 72°C for 5 min 

[14]. Forward and reverse strands of the amplified 

DNA fragment were sequenced in an Automatic 

Squencer Analyzer ABI 3130 sequencer (1st Base, 

Malaysia). The forward and reverse sequences 

were edited using Sequence Scanner v1.0 program 

and combined using BioEdit v7.2.5 program. The  
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(a) 

(b) 

(c) 

Figure 1. The condition of tubers after 14 days of in-

cubation. Control tuber (a) and tuber in-

fected with bacterial isolate T4 (b) and T9A 

(c). 

 

16S rDNA sequence of the isolate was aligned to-

gether with reference 16S rDNA sequences ob-

tained from NCBI database. The phylogenetic tree 

was constructed using MEGA 6.00 program [15]. 

 

Results and Discussions 

Pathogenicity of bacterial isolates on porang 

tubers  

A total of seven isolates from laboratory col-

lection were tested for the potency to cause rotting 

on porang tubers. Each isolate was shown to have 

pathogenic properties based on the physical pa-

rameters. There were texture and color changes in 

tubers infected with bacteria and control tuber 

which was not infected with bacteria. 

After 14 days of incubation, all tubers infected 

with bacteria had soft and slimy texture and darker 

color, while the control tubers had rigid texture 

and light-yellow color. The most notable changes 

were observed in tubers infected with isolate T4 

and T9A in which the texture was the softest and 

the color changed into brownish yellow and light 

brown (Figure 1). 

Figure 2. Reducing sugar in tubers infected with bac-

terial isolates after 14 days of incubation 

 

The texture change in rotting tuber is related 

to the tissue maceration caused by the pectinolytic 

enzymes secreted by pathogenic bacteria. Soft rot 

bacteria secreted pectinolytic enzymes that break 

down pectin in the middle lamella, that acts as 

connector between cells and gives rigidity [16]. 

The pectinolytic enzymes include pectinases, cel-

lulases, proteases, and xylanases [7]. The color 

change in rotting tuber due to necrosis. After the 

cell wall components degrade, the dead tissue will 

dry up and turn color into light brown or beige 

[17]. 

Despite the physical properties of all infected 

tubers showing symptoms of rotting, the patho-

genicity of bacterial isolates should also be 

determined by their ability to alter the chemical 

contents in tuber. The reducing sugar and ethanol 

assay of tuber was done after 14 days of incuba-

tion. Based on the reducing sugar assay, there 

were two isolates showing the highest reducing 

sugar content out of all tubers tested (Figure 2). 

The reducing sugar content in tubers infected with 

isolate T4 and T9A were 14.38 and 15.32 mg/ml, 

respectively. These two isolates were not statisti-

cally different, but the difference between them 

and the other isolates was significant (p < 0.05). 

Isolate T4 ad T9A also had the highest ethanol 

content out of all tubers tested in the ethanol assay 

with ethanol percentage of 32.17 and 35.05%, re-

spectively (Figure 3). There was no significant dif-

ference between these two isolates, but they were 

statistically higher than the other isolates (p < 

0.05). Based on these results, isolate T4 and T9A 

were selected as the potential pathogen bacteria 

with the highest potency to cause rotting on 

porang tuber. 
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Figure 3. Ethanol in tubers infected with bacterial iso-

lates after 14 days of incubation. 

 

Figure 4. Neighbor-joining phylogenetic tree based on 

16S rDNA showing the distance of T4 with 

reference isolates 

 

The chemical changes in rotting tuber is due to 

active metabolism of pathogen bacteria. Bacteria 

secrete amylase to break down the starch in tuber 

[18], of which a fresh porang tuber  contains  

15.7%  [19].  Starch  is  broken down to maltose, 

maltose subsequently is hydrolized to glucose. 

Glucose is further metabolized by bacteria into 

pyruvic acid through glycolysis. The pyruvic  

acid can be either metabolized aerobically or 

anaerobically. The aerobic pathway ends in TCA 

cycle, whereas the anaerobic pathway ends in the 

conversion of acetaldehyde to ethyl alcohol or eth-

anol [18]. These explanations support the result of 

this study that the reducing sugar and ethanol con-

tent is higher in tubers infected with bacteria than 

in control tubers (C) (Figure 2 and 3). 

Even so, just like other plant materials, tubers 

 

Figure 5. Neighbor-joining phylogenetic tree based on 

16S rDNA showing the distance of isolate 

T9A with reference isolates. 

 

naturally contain sugars such as fructose, sucrose, 

cellobiose, rhamnose and mannitol [18]. This ex-

plains the reducing sugars present in control tubers 

(C) (Figure 2). It is possible that the ethanol pre-

sent in control tubers (C) (Figure 3) was due to the 

low amount of oxygen inside the culture bottle 

during incubation. There has been a report of en-

dogenous ethanol accumulation in potato tubers 

under anaerobic condition [20]. 

 

Identification of potential pathogen bacteria  

Isolate T4 had 99.7% 16S rDNA sequence 

similarity with Bacillus altitudinis strain 41KF2b 

(Figure 4). Isolate T9A had 99.1% 16S rDNA se-

quence similarity with Pseudomonas stutzeri 

strain ATCC 17588 (Figure 5). Genus Bacillus 

and Pseudomonas are known to be saprophytic 

bacteria that are commonly present on tubers [7]. 

Bacillus and Pseudomonas are some of the domi-

nant groups accompanying Pectobacterium 

atrosepticum during the rotting of potato tubers 

[21]. Both genera are known as commensals, non-

pathogenic microbes, that invade the the intracel-

lular space of the host, but are usually dormant. 

However, once the tubers are infected with pec-

tinolytic bacteria like Pectobacterium spp., they 

began to flourish during the rotting process [21]. 

So far, B. altitudinis has been reported as a soft 

rot agent in apples and pears [22]. Although the 

information about pathogenicity of B. altitudinis is 

still limited, there are several reports of other 

closely-related Bacillus species as soft rot agent, 
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such as B. pumilus in potato [23], ginger [24] and 

melon [25], B. polymyxa in garlic [26], and B. am-

yloliquefaciens in potato [27]. 

P. stutzeri isolated from spoilt orange has the 

ability to produce pectinase [28]. P. stutzeri has a 

relatively high conversion rate of starch [29]. This 

explains the high reducing sugar content in tubers 

infected with isolate T9A. P. stutzeri is known to 

cause brown spot disease in oyster mushroom 

[30]. Other Pseudomonas species thet could cause 

soft rot, such as P. cichorii and P. maculicola in 

cruciferous vegetables [18], P. marginalis in po-

tato [31] and tuber of Zantedeschia spp. which are 

from the same family as porang [32], P. aeru-

ginosa in onion [33] and ginseng [34], and P. vi-

ridiflava in tomato [35]. 

 

Conclusion 

Bacterial isolates from porang tubers that have 

the highest potency to cause rotting on porang tu-

bers were T4 and T9A, which were identified as 

Bacillus altitudinis and Pseudomonas stutzeri, re-

spectively. Both genera have the ability to break 

down tuber starch into sugars and ferment sugars 

into ethanol and act as opportunistic pathogen of 

tuber rot. 
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