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ABSTRACT

This study aims to examine the composting of durian rinds by using natural technology through the aerobic
degradation of normal flora bacteria from the rinds by the utilization of paddy soil containing iron (Fe)
compound used as an energy source during Thailand’s wet period. The sample collection process was
obtained once a week for 12 weeks as this is to analyze the physical, chemical and microbiological
characteristics of the rinds. The results showed that within the first 4 weeks, the temperature of the compost
has decreased while the moisture content has increased. More so at 5 weeks it was shown that the nitrogen
content decreases significantly as there was no degradation activity although there is still a large amount of
Iron (Fe) compound left enough to be used as an energy source in the aerobic degradation process. Where
this can be explained by the process of cell multiplication and bacterial decomposition that requires nitrogen,
therefor the result in the decreased temperature caused by the high levels of moisture as well as the total
nitrogen and C: N ratio does not meet the standard of organic fertilizer as this can be concluded that nitrogen
is a limiting factor in the process of decomposing oxygenated durian rinds of bacteria during the rainy
season.
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Introduction

Located in the tropical climate zone, Thailand has
abundant amount of soil and water resources which
accordingly, yield exceptional agricultureal yields.
This is specifically true in the sense in the amount of
fruits and vegetables products. One type of product
that is grown natively in Thailand, is the Durian
fruit; a popular fruit both domestically and interna-
tionally as it has been regarded as the king of fruits.
In 2018, the country had transported approximately
32,471.2 tons of durians, worth about 5,918.3 million

baht. One of the essential origination of durian cul-
tivation in Thailand is from Chanthaburi Province
as its geographical and meteorological conditions
are very suitable for its cultivation. In 2019,
Chanthaburi province has produced approximately
339,292 tons of durian products (Office of Agricul-
tural Economics, 2019). However, it was that only
the edible parts that were sold as this is accounted
for only 15-30 percent of its total weight, while the
remaining 70-85 percent being its rind. (Masrol et al.,
2015)

The chemical composition of the durian rind con-
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sisted of cellulose, hemicellulose and lignin at a per-
centage about 57-67, 30.7 and 13.6% (Patpen et al.,
2014; Shaiful et al., 2015), this composition is a start-
ing point at which it is probable that large amounts
of durian rinds can be utilized in the making of the
organic compost through the biodegradation pro-
cess of aerobic bacteria in nature  (Isha et al., 2017;
Bilyana, 2019; Mansi, et al., 2020; Phadpin et al.,
2020). Since Chanthaburi province has a sufficient
amount of rainfall covering nearly 6 months; this
also correlates to the duration of harvesting season.
However, it is the moisture content that plays a cru-
cial part in the mechanism of bacterial degradation.
Under the conditions of a moisture deficit, aerobic
degradation is promoted in the presence of free oxy-
gen (O2) or on the contrary, over moistening may
lead to the development of anaerobic processes by
decreasing the oxidation-reduction potential
(Lyngkilde and Christensen, 1992). However, in the
continuous promotion of aerobic digestion, the use
of paddy soil in the concrete box is selected. Paddy
soil has been considered as an electron acceptor, a
critical source of energy for aerobic bacteria in its
utilization process of aerobic degradation. In pro-
viding that the oxygen in the compost pile is low,
these iron (Fe) compounds in paddy soil are pro-
vided by the various forms including ferric oxide

and ferric hydroxide (Alexander, 1961; Evgenya et
al., 2004; Wei, 2014). As iron (Fe) compounds are
comparatively higher than other electron acceptors,
they can use this energy to decompose of organic
waste. As a result, it is made it more applicable for
large number of organic waste can be used as an
electron acceptors by aerobic bacteria as a mecha-
nism of decomposing the organic waste. In addition,
they can prevent the formation of anaerobic degra-
dation in which the production of methane gas by
methanogenesis process based on the concentration
of electron donors that falls to a too low level for
methanogenic bacteria. (Pimpan et al., 1994; Bond
and Lovley, 2002; Musfique and Lin, 2017)

Therefore, from the knowledge, it is suggested
that in the compost management of the durian rinds
should be degraded into making compost, as by
considering the environmental factors as the paddy
soil having an abundance of electron acceptor
where naturally found aerobic bacteria are able to
use as an energy source for its aerobic degradation
during the wet period.

Materials and Method

Composting

In gathering the require materials, the durian rinds

Fig. 1. Location of the project site at Chanthaburi Province and the concrete box technology
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were accumulated from the fruit market in
Chanthaburi Province, where they were cut into 5-
10 cm pieces in size, while 1,000 kg of paddy dry
soil were prepared. When ready, the chopped rinds
are then placed into a concrete box of a 2 by 3 m
with the height of 1.50 m. where at the base of the
box there are leachate drainage holes that is covered
with charcoal and coarse sand with the thickness of
20 cm. In placing the durian rind into the box, the
rinds are placed in a downward manner with the
alternation with the paddy soil making 3 layers in
total. From this it was that 670 kg of durian rind are
utilized with 210 kg of paddy soil. While the top
most layer was covered with 630 kg of paddy soil as
the entire waste compost was watered 60 liters per
week (Chunkao, 2018). However, in a presence of
rain, no surplus water is necessitated. (Fig. 1)

Sampling

The air temperature and temperature of the com-
post pile was monitored every day at 07.00 am. with
a thermometer while the rainfall measurements
were also conducted with a rain gauge every day in
case of rain. In the composition of the leachate, the
Oxidation- Reduction Potential (ORP) was monitor
with a ORP meter. In sampling of the compost, the
sample was asscessed once a week for 3 months
with the use of the hand soil auger. Prior to the sam-
pling processes, the quartering method was applied
with the sample being splited into 2 parts. The first
part is dried in hot air oven at 70 °C until dry and
arid then a sieve, diameter of 0.5 mm to determine
both the physical and chemical parameters. For the
second part, the sample is preserved in plastic bags
by the aseptic technique as they are stored at 4°C for
further studied of its microbiological composition.
(Fig. 1)

Sample Analysis

In the analysis of the organic compost includes pa-
rameters of moisture, total nitrogen (TN) through
the Kjeldahl Method, organic carbon with the
Walkley-Black method, the carbon-nitrogen ratio
(C:N ratio) and total iron utilized with the Atomic
Absorption Spectrophotometer (AAS) Method fol-
lowing the Official Method of Analysis of AOAC
International (AOAC, 2012). The Total Bacteria was
also assessed by the Serial Dilution Technique; as
well as using the Plate Count Agar (PCA; Himedia)
that adds the fungi inhibitor of 0.025% Sodium Pro-
pionate (Merck) through the spread the Plate Tech-

nique as they are stored with the temperature
equivalent with the incubated compost pile for 24-
48 hours. Where prior to the storing process, the
number of bacteria were counted as CFU g-1 com-
post. (Beishier, 1991; Department of microbiology,
2011).

Statistical analysis

The Analysis of Variance (ANOVA) had contrasted
the variances by Duncan’s Multiple Range test
(DMRT) at a 95% confidence level (P  0.05). The
relationship between parameters was determined
by Pearson correlation analysis.

Results and Discussion

Characteristics of soil and durian rinds before
composting

The moisture of the soil and the durian rinds before
composting demonstrated a very high level of mois-
ture content at 81.7%. As a consequence, this could
have impacted the oxygen exchanges within the
compost pile causing a condition in which the oxy-
gen supply was inhibited; (Lyngkilde and
Christensen, 1992; Sharma et al., 1997; Sanchez et al.,
2017). In general, the recommended levels of mois-
ture for the aerobic bacteria degradation mechanism
should be between 50-60% (Robert, 2001;
Gajalakshmi and Abbasi, 2008). Nevertheless, the
paddy soil that is utilized with the durian rinds
from the assessment comprised of 910.0 mg/kg of
iron as this was significant enough for bacteria to
decompose the durian rind (Ponnamperuma, 1981).
The Durian rinds likewise consisted of sufficient
quantities of organic carbon and C:N ratios; which
were very much applicable for aerobic bacterial
degradation and soil where it was determined that
the amount of bacteria was 1.82 × 108 and 9.7 × 104

Table 1. The aspects of durian rinds and paddy soil be-
fore composting.

Parameters Unit Capacity
Paddy Durian

soil rinds

Moisture % 22.0 81.7
Total nitrogen % 0.1 0.8
Organic carbon % 0.7 46.4
C: N ratios - 6.6:1 55.2:1
Total Fe mg kg-1 910.0 533.0
Total bacteria CFU g-1 9.7×104 1.82×108
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CFU g-1, respectively. Where this is a very suitable
quantity for the degradation process of the durian
rinds in Table 1. (Tortora et al., 2001; Bernal et al.,
2009; Madar et al., 2013).

The physical, chemical and biological parameters
of the organic compost

Prior to the degradation period of 12 weeks, the
measured moisture of the compost was 54.5%, with
the total nitrogen capacity at 0.05%, while the C:N
ratio was 159.01:1, with the total iron composition
being 1,783.0 mg kg-1 and the total bacteria was at
2.94 × 106 CFU g-1. In the comparison made with the
compost guidelines of the Department of Agricul-
ture (2008), moisture and C:N ratios were higher
than that of the guideline (C:N ratio must not ex-
ceed 20:1 and dampness composition should not be
over 35%). Furthermore, the nitrogen content was
1% lower than the guidelines as shown in Table 2.

Temperature and moisture

The relationship between the temperature and
moisture of the compost were significantly different
(p0.05) as this explanation would be because of the
volume of rain that fell throughout the degradation
period that have gradually increase from 0.7 to 33.7
mm. Together with the Durian rind being made up
of organic materials. It would possess an excellent

water holding capabilities (Jan et al., 2010) (Fig. 2A).
As a result of too much water within the
composting unit increasing the moisture that ef-
fected the moisture factor causing the fluctuation
between 45.9 to 67.01%. This could have impacted
the oxygen exchanges within the compost pile caus-
ing a condition in which the oxygen supply to be in-
hibited (Lyngkilde and Christensen, 1992; Sharma et
al., 1997; Sanchez et al., 2017), the anaerobic condi-
tion is then promoted, as shown in Fig. 2B. Where
this is because the properties of water would dis-
place the air within the micropores trapping oxygen
(Das and Keener, 1997; Sanchez et al., 2017). In addi-
tion to the explanation on the anaerobic condition, it
is recognized from the negative ORP values
throughout the first 4 weeks ranging from -50 to -
250 mV, causing a loss in the nitrogen and sulfur
content from the compost that would have led to
denitrification and sulfide formation respectively.

For the temperature in the compost, there is a
decreasing trends found in the range of 35.0-35 oC as
lastly, this factor has resulted from rainwater that
influence the temperature fluctuations within the
compost (Bernal et al., 2009) (Fig. 2C).

Total nitrogen, Organic carbon and the C:N ratio

There was a statistically significant difference

Table 2. The physical, chemical and biological parameters of the compost.

Compost Age Temperature Moisture OC Total C: N Total Total Bacteria
(Weeks) (°C) (%) (%) N(%)  ratio (-)  Fe (mg kg-1)  (CFU g-1)

Standard 1/ - 35 - 1  20 - -

0 nd 62.84ab 19.93a 0.63a 31.70e 1,725.87cd 1.38×107 a

1 35.0a 53.99abc 3.30g 0.07cd 49.94e 1,742.54bcd 2.25×106 cde

2 33.5b 50.34bc 8.93bc 0.28b 31.91e 1,732.75cd 1.58×106 de

3 33.8b 45.92c 3.87fg 0.04fg 83.02d 1,750.76abcd 1.11×107 b

4 33.0b 54.89abc 4.50f 0.03g 157.04bc 1,729.18cd 2.25×106 cde

5 30.7cd 62.87ab 20.53a 0.09c 225.72a 1,715.37d 2.33×106 cde

6 31.3c 63.26ab 8.33cd 0.06ed 142.33bc 1,728.32cd 2.16×106 cde

7 29.7d 67.01a 9.80b 0.06ed 163.00b 1,770.70ab 2.50×106 cde

8 29.7d 59.12ab 7.80d 0.05ef 150.20bc 1,772.36ab 2.83×106 cd

9 31.1c 62.87ab 5.77e 0.04gf 154.06bc 1,783.33a 1.25×106 e

10 30.3cd 60.42abc 9.23bc 0.07de 138.27c 1,777.18ab 2.37×106 cde

11 30.1cd 55.80abc 6.03e 0.04gf 163.79b 1,761.19abc 1.80×106 cde

12 29.5d 54.53abc 7.93d 0.05ef 159.01bc 1,783.00a 2.94×106 c

F-test ns ns * * * * *

Remarks: ns = No statistical differences at 95% confidence level
* = Statistical variances at a level of 95% confidence
nd = Non Detect
1/ = Standard from Department of agriculture (2008)
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(p0.05) between the total nitrogen to the organic
carbon and the C:N ratio of compost (Table 2).
Where the concentration of nitrogen rapidly de-
creases as a result of moisture in relation to the ORP
value (Fig. 2B) creating an anaerobic condition that
resulted in the denitrification and ferric ammonium
oxidation that lead the production of organic nitro-
gen developing into nitrogen gas (N2). (Sommer,

2001; Clement et al., 2005; Sawayama, 2006; Xuezhi
et al., 2018). This reaction resulted in a rapid loss of
nitrogen in the compost from 0.63% down to 0.03%,
while also produces sulfides resulting in hydrogen
sulfide gas that leads to unpleasant odor. Further-
more, the hydrogen sulfide gas will also react to the
iron (Fe) compounds in the reduction form resulting
in iron sulfide (FeS) which leads to the color of the
leachate being black within the first 4 weeks
(Yongzhen et al., 2017).

However, it also shown that within the first 4
weeks, there was the process of bacterial degrada-
tion base on the exciting nitrogen compounds found
in the compost that is able to play an important role
in formation of bacteria cells. Therefore, these bacte-
ria will be able to use the nitrogen in the degrada-
tion of organic carbon that leads to the significant
decrease in organic carbon and the C:N ratio. When
the compost has reached the 5th weeks, it was deter-
mined that organic carbon had increased from 4.5%
to 20.53%. This was because the Durian rind pre-
sented a synthetic composition of cellulose that

Fig. 2. Substantial development of the compost heap (A)
Rain and dampness complement (B) Oxidation-
Potential Reduction (ORP) and (C) Moisture and
Temperature

Fig. 3. Synthetic fluctuations in compost heaps (A) nitro-
gen comprisement per organic carbon and (B) the
aggregate of nitrogen per C:N ratio
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bound with hemicellulose, where the primary inte-
gral of xylose and had lignin as the outer system,
with this the result of the degradation process
would produce a variety of organic carbon that is
released into the compost; of which includes sugar,
alcohol, and abounding types of organic acids
(Jaiboon et al., 2016; Tulaphitak et al., 2018). This
production would have increased the organic car-
bon while at this point, the remaining amount of
nitrogen in the box is not efficient for the cells gen-
eration of bacteria (Magasanik, 1993) summarizing
that after 5 weeks, the amount of bacteria in the box
have remained constant and will no longer degrade
as the C:N ratio constantly increase as shown in Fig.
3B.

Total iron content and total bacteria

The total iron and bacteria content were signifi-
cantly different (p0.05) as shown in Table 2. The
amount of iron that have decreased significantly
during the first 4 weeks. Where within the first 4
weeks the loss of iron (Fig. 4) were from the sulfide
formation process (Fig. 2B) resulting in hydrogen
sulfide that can react with iron in the paddy soil
forming iron sulfide (FeS) that would then be dis-
solve with the leachate (Ponnamperuma, 1981;
Yongzhen et al., 2017).

that the bacteria using nitrogen in the process of cell
manipulation allowing for further degradation in
the 4th week. The organic carbon and that C:N ratio,
on the other hand it was found to have decreased
during the first 4 weeks as it was in the 5th week to
the 12th week, that the total bacteria and iron content
in the compost did not change as this is in consistent
with the stable organic carbon and C:N ratio that
does not differ significantly shows that there is no
degradation activity.

Fig. 4. The number of bacteria and iron in the composition

Fig. 5. The correlation coefficient between (A) total bac-
teria and total Fe, (B) total bacteria, total nitrogen,
(C) C: N ratio and  total nitrogen

Also, it is the FeS that has an impact on slow
down the biochemical process in the bacteria cells
forming a Lag phase leading to a decrease in the
degradation rate (Ivan et al., 2019). Besides, the FeS
will also inhabit the growth of bacteria, causing it to
decrease (Kushkevych et al., 2019). While within the
first 4 weeks period it was found that the total nitro-
gen can still be detected in the compost concluding
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Factors affecting the degradation of durian rind in
the rainy season

From the analysis of the compost in Table 2, it was
demonstrated that the compost from durian rind
was not in conformity with the National organic fer-
tilizer guidelines, Thailand. Moreover, it was recog-
nized that from the increased the C:N ratio and the
total nitrogen value that are lowered than the guide-
lines.

This indicates that there no bacteriological degra-
dation activity despite the compost. Comprising of
iron (total Fe) that can function as an energy for the
bacteria to be utilized as an electron acceptor in the
degradation mechanism. Nonetheless, it was found
in this research that the bacteria did not utilize the
iron (Fig. 5A), which could be ascertained from the
correlation coefficient of the total bacterial volume
and the low iron content (r2 = 0.0961) as aerobic bac-
terial degradation requires the utilization of nitro-
gen (Magasanik, 1993; Sanchez et al., 2017). To ex-
plain the correlation of the total bacteria and nitro-
gen. Fig 5B indicates a r2 values of 0.621 as this
roughly indicates that bacteria increased and de-
crease in accordance with the levels of nitrogen. In
the same manner with the nitrogen, the generation
of the bacteria also correspond to the C:N ratio,
where higher ratio would means that the is imbal-
ance in the composition of carbon and nitrogen that
could be used in the bacterial degradation process.
This was seen with the r2 values of 0.8344 between
the ratio and the nitrogen percentage summarizing
that nitrogen is a limiting factor in the process of
aerobic degradation of durian rind during the wet
period.

Conclusion

The degradation of durian rinds for the production
of compost by means of natural technology using
iron compounds in paddy soil as an energy source
for bacteria in the aerobic digestion process during
the rainy season of Thailand found that the high lev-
els of moisture would cause the compost to lose ni-
trogen through the denitrification process. Whilst
there is still an abundant amount of iron oxide that
can be used as an electron acceptor within the tech-
nology but was not used as instead it was used in
the sulfide formation process. From these processes,
the result is clear that it has negatively affect the
bacteria within the technology in terms of the mul-

tiplication and degradation activities resulting in a
higher ratio of nitrogen to carbon. Thus, it is the ni-
trogen that have been the limiting factor in the pro-
cess decomposing organic durian rind in the rainy
season. Where it is recommended that adding nitro-
gen source into the durian rinds compost during the
wet period would promote the degradation
progress of aerobic bacteria within the compost.
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