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ABSTRACT
Cockroaches are one of the most popular decomposers in organic matter processing. Its ability to decompose
organic matter is supported by the association with the digestive tract microbiota. Microbial exploration of
the cockroach gastrointestinal tract is still rarely studied, especially in Indonesia. This study aims to obtain
potential bacterial isolates that produce enzymes that can decompose of organic matter derived from
cockroach midgut. Cockroach samples were obtained from household organic wastes composts. Midguts
of cockroach sample were surgically removed, mashed aseptically, and inoculated into nutrient agar medium.
Endosymbiont bacteria grown in the media then purified, characterized, and tested for enzymatic abilities
such as amylase, protease, lipase and cellulase. The abundance of cockroach midgut endosymbiont bacteria
was detected as much as 1.1 x 104 CFU/mL. A total of 20 endosymbiont bacterial isolates had different
characters and had the ability to hydrolyze starch, cellulose, protein, and lipid. Three potential bacterial
isolates in hydrolyzing starch, cellulose, protein, and lipid were EKA 4, EKA 8, and EKA 20. Cockroach
endosymbiont isolates are potential to be applied for organic waste treatment.
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Introduction
Increasing human population, urbanization, economic growth, biomass production and consumption patterns enhance the amount of solid wastes
(Shaoli and Debnath, 2019). Treatment technologies
for solid waste can be done by direct use, physicochemical, thermochemical, and biological treatment
(Lohri et al., 2017). Biological treatment applied to
solid organic waste on a household scale is com-

monly done by composting (Warunasinghe and
Yapa, 2016; Bakari et al., 2017). Composting is the
process of decaying organic matter aerobically to
produce humus (Epstein, 1996; Sikora, 1998; Lohri et
al., 2017). Decomposition is a process of physical or
chemical changes in organic matter of animals and
plants into simple organic compounds (Susanti and
Halwany, 2017). Lohri et al., (2016) revealed that,
composting in a household scale is generally done
by stacking organic waste in barrels and relying on
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the passive aeration process. The main actors in
composting organic material are microorganisms
such as fungi, yeasts, bacteria and macro invertebrates such as insects (Morales and Wolff, 2010;
Lohri et al., 2017). Decomposed organic matter becomes a natural habitat for these organisms
(Tuomela et al., 2000). The association of insects in
the process of composting organic waste is able to
increase the speed of physical and chemical changes
of organic waste during decomposition as well as
causing a decrease in the molecular weights of compounds (Morales and Wolff, 2010). This makes insects as reliable organisms that can recycle organic
matter (Morales and Wolff, 2010; Tarli et al., 2014).
Among all insects, cockroaches, member of order
Blattodea, are important detritivore in the ecosystem (Evangelista et al., 2013; Mullins, 2015). As
detritivores, cockroaches not only consume fresh
food types, but even rotten human leftover, and excrement from other cockroaches (Rozendaal, 1997;
Moges, et al. 2016). The wide variety of organic materials in biological waste products makes the
Blattodea order very important for ecosystem functioning (Weiiser and Sieman, 2008; Ifeanyi and
Odunayo, 2015).
Cockroaches share their habitat with various
types of bacteria which makes association in the
form of symbiotic relation is not uncommon. Symbiotic bacteria are transmitted vertically between generations and horizontally from the environment
(Bright and Bulgheresi, 2010). Horizontal transmission mainly sourced from organic materials in the
habitat (Zhang and Zhang, 2018). Bacteria from the
habitat enter the digestive tract of cockroaches and
stay for a short time or transient (allochthonous bacteria) and others are able to attach and form colonization of the digestive tract mucus epithelium (autochthonous bacteria). The endosymbiont bacteria
showed beneficial effects for the host. In the case of
Blattella germanica, among others, the endosymbionts increased the host resistant to insecticides
(Pietri, et al., 2018), pathogenic fungi (Zhang, 2018),
helped nitrogen fixation (Patino-Navarrete, 2014),
and helped degrade the complex organic components by producing extracellular enzymes (Tinker
and Ottesen, 2016).
Endosymbiont bacteria of cockroach digestive
tract work together to alter food (Zhang and Zhang,
2018). Each bacterium can produce different hydrolytic enzymes such as cellulase, amylase, lipase, and
protease (Singh et al., 2016). Their enzyme products
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have the potential to be utilized for various fields in
industry. Thus, in this research, we isolated
cockroach’s endosymbiont and tested their potencies to produce hydrolytic enzymes which can be
utilized in various industries.
Endosymbiont diversity in the digestion track of
cockroaches is greatly influenced by their diet
(Schauer et al., 2012). Omnivorous cockroaches
Periplaneta americana has a higher endosymbiont diversity compared to wood-feeding cockroach
Cryptocercus punctulatus (Colman et al., 2012; PérezCobas et al., 2015). Some exploratory research of
endosymbiont bacteria in the digestive tract of cockroaches has been carried out including on Blattella
germanica (Pérez-Cobas, et al., 2015), Shelfordella
lateralis (Schauer, 2012), Periplaneta americana (Tinker
and Ottesen, 2016), Panchlora (Gontang et al., 2017),
and litter-feeding cockroach Pycnoselus surinamensis
(Richards et al., 2017). However, there is still rare
information about the hydrolytic enzymes produced by the endosymbiont bacteria of Pycnoselus
surinamensis.
In this study, endosymbiont bacteria were isolated from the gut of Pynocelus surinamensis. The diversity of bacteria was detected by culture-dependent methods. This study will add the data about
diversity of endosymbiont bacteria from gut of
Pynocelus surinamensis that have ability to produce
hydrolytic enzymes of starch, cellulose, protein, and
lipid.

Materials and Methods
Cockroach collection
Cockroaches were obtained from Surabaya urban
household waste treatment plants which had been
acclimated for 2 weeks at the Faculty of Science and
Technology, Universitas Airlangga, Surabaya, Indonesia. The most abundant cockroach that was chosen as the object of this study was Pycnoscelus
surinamensis according to Roth, 1998.
Dissection and endosymbiontbacteria isolation of
cockroach
A Cockroach obtained by hand sorting was anesthetized with chloroform, and then the legs were removed. The side of the cockroach was slashed from
the posterior to anterior to obtain the intact digestive tract. The digestive tract organ was separated
from the body. The digestive tract organ was steril-
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ized according to Wynants et al. (2018) with modification: digestive tract organ was washed with 10
mL of 70% alcohol then followed by two washes of
10 mL of sterile distilled water. Each washing step
was carried out for 15 seconds on a vortex with a
speed of 2000 rpm. The gut was cut aseptically,
crushed, and dissolved in a physiological saline solution (NaCl 0.85%). One mL of the suspension was
diluted at stratified dilution until it reaches a certain
bacterial density. Bacteria were grown onNutrient
Agar (NA) (Oxoid), Strach Casein Agar (SCA), and
de Man, Rogosa, and Shape Agar (MRSA) with
pour plate technique and incubated for 24-48 hours
at temperatures of approximately 29 ºC.
Quantification and characterization of cockroach
endosymbiont bacteria
Bacteria that grow in each medium were counted
using the Total Plate Count (TPC) principle. Colonies that have different characters were purified and
rejuvenated for hydrolytic assay. Macroscopic characterizations were done by observing the character
of bacterial colonies consisting of shape, size, color,
margin, elevation, and transparency, while microscopic characterizations were done by Gram staining and observing at shape of bacterial cells.
Hydrolytic assay
Amylolytic, proteolytic, cellulolytic, and lipolytic
activities of each isolates were assessed on solid
media that had been modified with the test substrates. Hydrolytic activity by amylase-producing
potential bacteria was carried out on NA which was
added by starch 2% (w/v) (Banerjee and Ghosh,
2014), hydrolytic activity by protease-producing
potential bacteria was carried out on NA which was
added by skim milk 2% (v/v) (Bhowmik, et al.,
2015), hydrolytic activity by cellulase-producing
potential bacteria was carried out on Carboxy Methyl Celullose (CMC), hydrolytic activity by potential lipase-producing bacteria was carried out on
NA which was added by glycerol 2% (v/v). Incubation was carried out for 24 hours at a temperature of
approximately 29 ºC. Visualization of hydrolytic activity of each substrate was different. To determine
the presence of amylase was done by adding a 2%
iodine indicator solution to the test media, to determine the presence of proteases without the addition
of any reagents, to determine the presence of cellulase was done by adding Congo red indicator solution then washed with NaCl 1% solution for 20 min-

S125
utes, to determine the presence of lipase by adding
rhodamine indicator solution which was then observed under UV light. Positive test results were
indicated by the presence of a clear zone around the
bacterial colony. The hydrolytic activity index was
calculated using the formula (Febriyanto et al.,
2015):

Identification of potential bacteria based on
physiological character
The three enzymatic potential bacteria were identified using Microbact kit GNB 12A and 12 B (Oxoid)
based on manufacturer’s instructions. Identification
of bacteria isolates obtained based on Bergey’s
Manual of Determinative Bacteriology, Holt (1994).

Results
Quantification and characterization of cockroach
endosymbiont bacteria
The abundance of endosymbiont bacteria in the
cockroach gut obtained was 1.1 x 104 CFU/mL. A
total of 20 bacterial isolates have different characteristics of macroscopic and microscopic. One of
twenty isolate was difficult to rejuvenate (EKA 14)
(data not shown). Macroscopic and microscopic
characters of bacteria are shown in Table 1.
Hydrolytic activity
From a total of 20 bacterial isolates, 16 bacterial isolates had amylolytic activity, 15 bacterial isolates
had proteolytic activity, 16 bacterial isolates had
cellulolytic activity, and 11 bacterial isolates had lipolytic activity. The data is shown at Table 2. Observation of amylase, protease, and cellulase enzymes
were carried out quantitatively, while observation
the activity of lipase enzymes was carried out qualitatively by observing the presence of zones and
fluorescence visible when exposed to UV light.
The results of the hydrolytic activity index
showed the average index value of potential isolates
was more then 1, with an average standard deviation of ± 10% (Table 2). It shows that the bacteria
potential to produce amylase, protease, and
celullase. In the hydrolytic assay of amylase, 80% of
bacterial isolates showed amylolytic activity with
the highest index of 3.84 (EKA 20) and the lowest of
1.03 (EKA 9). As many as 75% of bacterial isolates
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Table 1. Macroscopic and microscopic characteristic of cockroach endosymbiont bacteria
Bacteria
Codes

EKA 1
EKA 2
EKA 3
EKA 4
EKA 5
EKA 6
EKA 7
EKA 8
EKA 9
EKA 10
EKA 11
EKA 12
EKA 13
EKA 15
EKA 16
EKA 17
EKA 18
EKA 19
EKA 20

Macroscopic Character

Microscopic Character

Color of
Colony

Shape

Margin

Elevation

Structure

Shape of
Cell

Existence
of Spore

Gram
Staining

Cream
Yellow
Cream
Cream
Cream
Cream
Cream
Cream
Cream
Cream
Cream
Cream
Cream
Orange
Orange
Cream
Cream
Cream
Cream

Irregular
Irregular
Irregular
Circular
Irregular
Irregular
Irregular
Irregular
Irregular
Irregular
Irregular
Circullar
Irregular
Irregular
Irregular
Irregular
Irregular
Irregular
Irregular

Undulate
Undulate
Entire
Entire
Filiform
Undulate
Filiform
Undulate
Undulate
Entire
Curled
Entire
Curled
Undulate
Undulate
Undulate
Undulate
Lobate
Curled

Raised
Crateriform
Flat
Crateriform
Raised
Umbonate
Flat
Flat
Flat
Convex
Flat
Convex
Flat
Raised
Flat
Raised
Raised
Flat
Flat

Opaque
Opaque
Translucent
Opaque
Opaque
Translucent
Translucent
Translucent
Translucent
Opaque
Opaque
Opaque
Opaque
Opaque
Opaque
Opaque
Translucent
Translucent
Opaque

Rod
Shape Variable
Rod
Rod
Rod
Rod
Rod
Rod
Rod
Rod
Rod
Rod
Rod
Rod
Rod
Rod
Rod
Rod
Rod

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

Table 2. Hydrolytic activity index of endosymbiont bacterial isolates
Isolate code
EKA 1
EKA 2
EKA 3
EKA 4
EKA 5
EKA 6
EKA 7
EKA 8
EKA 9
EKA 10
EKA 11
EKA 12
EKA 13
EKA 15
EKA 16
EKA 17
EKA 18
EKA 19
EKA 20

Amylase Index

Protease Index

Celullase Index

Lipase Activity

2.39 ± 0.21
2.66 ± 0.05
1.74 ± 0.07
2.91 ± 0.04
1.31 ± 0.04
2.10 ± 0.05
2.18 ± 0.12
2.48 ± 0.14
1.03 ± 0.05
1.88 ± 0.04
1.21 ± 0.03
1.15 ± 0.05
2.02 ± 0.17
1.05 ± 0.04
3.30 ± 0.15
3.84 ± 0.01

2.16 ± 0.17
2.53 ± 0.29
5.94 ± 0.02
2.16 ± 0.20
1.41 ± 0.02
1.97 ± 0.00
2.95 ± 0.16
2.33 ± 0.19
1.09 ± 0.13
3.21 ± 0.35
4.02 ± 0.09
3.61 ± 0.00
3.18 ± 0.29
2.31 ± 0.08
2.64 ± 0.25

1.67 ± 0.00
2.53 ± 0.05
1.58 ± 0.12
2.42 ± 0.34
1.32 ± 0.13
1.44 ± 0.04
1.84 ± 0.20
2.63 ± 0.13
1.47 ± 0.13
2.17 ± 0.05
1.23 ± 0.10
1.01 ± 0.07
1.16 ± 0.13
1.11 ± 0.09
3.99 ± 0.46
2.43 ± 0.05

+++
++
+++
++
+++
+++
++
+++
+
+
+

(-) not detected, (+) fluorescent colony, (++) fluorescent zone, (+++) fluorescent colony and zone

showed proteolytic activity with the highest index
of 5.94 (EKA 4) and the lowest of 1.09 (EKA 13). In
the hydrolytic assay of cellullose, 80% of bacterial
isolates showed cellulolytic activity with the highest
index of 3.99 (EKA 19) and the lowest 1.01 (EKA 15).

Whereas 55% of bacterial isolates showed lipolytic
activity, with potential isolates of 5 isolates (EKA 1,
EKA 4, EKA 7, EKA 8, and EKA 12).
Several bacterial isolates were found to have the
ability to multi-enzyme. Isolates capable of produc-
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ing amylase, protease, cellulase, and lipase enzymes
together were 8 isolates; they were EKA 1, EKA 3,
EKA 4, EKA 6, EKA 7, EKA 8, EKA 17 and EKA 20.
Bacterial isolates that were able to produce amylase,
protease, and cellulase are 5 isolates, namely EKA 5,
EKA 13, EKA 15, EKA 16, and EKA 19. Isolates that
could produce amylase and cellulase are 3 isolates
namely EKA 2, EKA 3, and EKA 11. Isolates that
were able to produce protease and lipase are 2 isolates namely EKA 12, and EKA 18. Bacteria that
have the most potential enzyme multi-activity were
EKA 4, EKA 8 and EKA 20. Enzyme multi-activity
of cockroach gut endosymbiont bacterial is shown
in Fig. 1.

Fig 1. Summary of cocroach endosymbiont bacteria
enzimaticpotency

Identification of potential bacteria based on
physiological character
Physiological characters of EKA 4, EKA 8, and EKA
20 are shown in Table 3. Based on the book of
Bergey’s Manual of Determinative Bacteriology,
EKA 4, EKA 8, and EKA 20 were Bacillus brevis
(EKA 4), Bacillus badius (EKA 8), and Bacillus
pantothenticus (EKA20) with percent of probability
91.3% and 85.0%, 95.2%respectively.

Discussion
Anatomically, the digestive tract consists of crop,
foregut, midgut, and hindgut (Cruden and
Markovetz, 1987). Enzymatic digestion generally
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Table 3. Physiological character of EKA 4, EKA 8, and
EKA 20
Characteristic
Oxidase
Motility
Nitrate
Lysine
Ornithine
H 2S
Glucose
Mannitol
Xylose
ONPG
Indole
Urease
VP
Citrate
TDA
Gelatin
Malonate
Inositol
Sorbitol
Rhamnose
Sucrose
Lactose
Arabinose
Adonitol
Raffinose
Salicin
Catalase
Arginine

EKA 4

EKA 8

EKA 20

+
+
+
+
+
+
+
-

+
+
+
+
+
+
-

+
+
+
+
+
+
-

occurs in the midgut intestine which produces degradation enzymes (Bagde et al., 2013). Besides being
produced by midgut, enzymes are also produced by
endosimbion microbes that live in the digestive
tract. Each part of intestine has a different microbial
community. The results of previous studies on the
visualization of digestive tract microorganisms
Periplaneta americana and Shelfrodella lateral use culture-dependent or culture-independent based
method shows that the anterior colon has the highest density/ abundance (Bignell, 1976; Schauer et al.,
2012). Different cockroach diets greatly affect the
diversity of bacteria. Omnivorous cockroaches
Periplaneta americana has a higher endosymbiont diversity compared to wood-feeding cockroach
Cryptocercus punctulatus (Colman et al., 2012; PérezCobas et al., 2015).
Bacteria as providers a source of carbohydrate by
increasing the efficiency of polymers such as lignin,
hemicellulose and cellulose, xylan and pectin, can
also contribute to the digestion of lipids and pro-
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teins (Douglas, 2009; Visotto et al., 2009). The role of
endosymbiont bacteria in the digestive tract, among
others, produces hydrolytic enzymes that decompose organic matter. The ability of cockroach endosymbiont bacteria to produce amylase enzymes was
triggered by decomposer animal food. Bacteria
could be present in large quantities in the digestive
tract along with amylase and bacteria were involved
in product digestion (Anand et al., 2010). This is also
supported by Supriyatna and Ukit’s research (2016)
that the presence of some cellulolytic bacteria in the
intestines of black soldier fly larvae helped the digestion process in organic matter. Endogenous cellulase was present in some insects and termites
(Taggar, 2015).
Some microbes that play a role in the digestive
track of Pycnoscelus surinamensis were the group of
Planctomycetaceae, Candidatus, Proteobacteria,
Sulfurospirillum, Actinomyces, Lactobacillales,
Betaproteobacteria,
Desulfovibrionaceae,
Ruminococcaceae, Micrococcales, and Weissella
(Richards et al., 2017). This study found a group of
rod-shaped Gram-positive spore forming bacteria
endorsed by the Firmicutes group. This study confirm the results of previous studies conducted by
Richards et al. (2017), using a culture-independent
method namely Next-Generation Sequencing
(NGS), found that the bacterial community of
Pycnoscelus surinamensis was dominated by
Bacteroidetes, Firmicutes and Proteobacteria.
Predominantions of the Bacteroidetes and
Firmicutes group were common in omnivorous
groups including Blatellagermanica, Shelfrodella
lateralis (Schauer et al., 2012; Carrasco et al., 2014;
Perez-Cobas, 2015). Based on Correia et al., (2018),
Enterobacter found in intestinal track of Pycnoscelus
surinamensis. Some species of the genus
Enterobacter can produce cellulase enzyme (Sari et
al., 2017).
The results of the enzymatic test of the isolates
shelter in the digestive tract of Pycnoscelus
surinamensis showed that the eight isolates were also
able to produce the digestive enzymes, amylase,
protease, cellulase, and lipase. Cellulose-decomposing microorganisms become inseparable parts of the
digestive tract microflora of cockroaches and other
insects that eat material consisted of cellulose
(Bagde et al., 2013). Sharma et al. (2018), successfully
isolated eight endosymbiont bacteria (14K, 16K,
22K, 24K, 28K, 29K, 30K, 31K) from the Periplaneta
americana intestinal track. All of these isolates were
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known to be able to excrete protease and cellulase
enzymes. Isolate 29K which was genetically similarly with Bacillus spp. wasable to excrete cellulase,
protease, and keratinase. Cruden and Markovetz
(1979), found in Periplaneta americana and Euderes
posticus that there were a number of obligate anaerobic bacteria that can degrade carboxymethyl cellulose. In this study the enzymatic index method was
used to compare the enzyme excretion produced by
each bacterium. The enzymatic index method is a
fast and simple way to select isolates that are most
potential for enzyme excretion (Castro et al., 2014).
An index value above 1.0 is an indication of enzyme
secretion (Carrim et al., 2006). Based on research
Florencio et al. (2012), strains that show an enzyme
index higher than 1.50 were considered as potential
enzyme producers. Exploration of bacteria that produce hydrolytic enzymes from the digestive tract of
potential decomposers would then be continued.

Conclusion
Eighty percent of isolated bacteria from cockroach’s
gut have potency to produce hydrolytic enzymes;
amylase, protease, cellulase, and lipase. The potential bacteria producing these four enzymes are EKA
4, EKA 8 and EKA 20.

Acknowledgement
The authors are thankful to Indonesian Ministry of
Research, Technology, and Higher Education for
funding in this research through the Penelitian
Dasar Unggulan Perguruan Tinggi (PDUPT) program

References
Anand, A.A.P.A., Vennison, S.J., Sankar, S.G., Prabhu,
D.I.G., Vasan, P. T., Raghuraman, T., Geoffrey, C.J.
and Vendan, S.E. 2010. Isolation and characterization of bacteria from the gut of Bombyx mori that
degrade cellulose, xylan, pectin, and starch and their
impact on digestion. Journal of Insect Science. 10:120.https://doi.org/10.1673/031.010.10701
Bagde, U.S., Gopi, U. and Prasad, R. 2013. Isolation and
characterization of gut-associated microbes in cockroach. African journal of Microbiology Research. 7 :
2034-2039.https://doi.org/10.5897/AJMR12.844
Bakari, S.S., Laila, M.M., Maalim, M.K., Aboubakari, Z.M.,
Salim, L.A. and Ali, H.R. 2016. Characterization of
household solid waste compost inoculated with ef-

NI’MATUZAHROH ET AL
fective microorganism. Modern Environmental Science
and Engineering. 2 : 194-200.https://doi.org/
10.15341/mese(2333-2581)/03.02.2016/007
Banerjee, S. and Ghosh, K. 2014. Enumeration of gut associated extracellular enzyme-producing yeasts in
some freshwater fishes. Journal of Applied Ichthyology.
30: 986-993. https://doi.org/10.1111/jai.12457
Bergey, D.H. and Holt, J.G. 1994. Bergey’s Manual of Determinative Bacteriology. 9th Edition. Williams &
Wilkins: Maryland.
Bhowmik, S., Islam, S., Ahmed, M.M., Hossain, M.B. and
Hossain, M.A. 2015. Protease Producing Bacteria
and Activity in Gut of Tiger Shrimp (Penaeus
monodon). Journal of Fisheries and Aquatic Science. 10:
489-500. https://doi.org/10.3923/jfas.2015.489.500
Bignell, D.E. 1976. Some observations on the distribution
of gut flora in the American cockroach, Periplaneta
americana. Journal of Invertebrate Pathology. 29:338343. https://doi.org/10.1016/S0022-2011(77)80040-2
Bright, M. and Bulgheresi, S. 2010. Acomplexjourney:
transmission of microbialsymbionts. Nature Reviews
Microbiology. 8 : 218-230.https://doi.org/10.1038/
nrmicro2262
Carrasco, P., Pérez-Cobas, A.E., van de Pol, C., Baixeras,
J., Moya, A. and Latorre, A. Succession of the gut
microbiota in the cockroach Blattella germanica. International Microbiology. 17 : 99-109.https://doi.org/
10.2436/20.1501.01.212
Carrim, A.J.I., Barbosa, E.C. and Vieira, M. 2006. Enzymatic activity of endophytic bacterial isolates of
Jacaranda decurrens Cham. (Carobinha-do-campo).
Brazilian Archives of Biology and Technology. 49 : 353359.https://doi.org/10.1590/S151689132006000400001
Castro, R.A., Quecine, M.C., Lacava, P.T., Batista, B.D.,
Luvizotto, D.M., Marcon, J., Ferreira, A., Melo, I.S.
and Azevedo, J.L. 2014. Isolation and enzyme
bioprospection of endophytic bacteria associated
with plants of Brazailian mangrove ecosystem.
Springer Plus. 3 : 1-9.https://doi.org/10.1186/21931801-3-382
Colman, D.R., Toolson, E.C. and Takacs-Vesbach, C.D.
2012. Do diet and taxonomy influence
insectgutbacterialcommunities?. Molecular Ecology.
21:5124-5137.https://doi.org/10.1111/j.1365294X.2012.05752.x
Correia, D. da S., Samuel, R.P., Diogo, N.P., Paula, V.M.,
Gustavo, R.X. and Maria, E.F.C. 2018. Microbial diversity associated to the intestinal tract of soil invertebrates. Applied Soil Ecology. 131 : 38-46.https://
doi.org/10.1016/j.apsoil.2018.07.009
Cruden, D.L. and Markovetz, A.J. 1979. Carboxymethyl
cellulose decomposition by intestinal bacteria of
cockroaches. Applied and Environemntal Microbiology.
38: 372-379. https://aem.asm.org/content/38/3/369
Cruden, D.L. and Markovetz, A.J. 1987. Microbiology ecol-

S129
ogy of the cockroach gut. Annual Reviews. 41 : 617643. Applied and Environmental Microbiolgy. 38 : 369372. https://doi.org/10.1146/annurev.mi.41.
100187.003153
Douglas, A.E. 2009. The microbial dimension in insect
nutritional ecology. Functional Ecology. 23 : 38-47.
https://doi.org/10.1111/j.1365-2435.2008.01442.x
Epstein, E. 1996. The Science of Composting. CRC Press LLC:
Florida.
Evangelista, D.A., Bourne, G. and Ware, J.L. 2013. Species
richness estimates of Blattodeas.s. (Insecta:
Dictyoptera) from Northern Guyana vary depending upon methods of species delimitation. Systematic
Entomology. 39 : 150-158.https://doi.org/10.1111/
syen.12043
Febriyanto, A., Rusmana, I. and Rafiuddin, R. 2015. Characterization and identification of cellulolytic bacteria from gut worker Macrotermes gilvus. HAYATI
Journal Biosciences. 22 : 197-200. https://doi.org/
10.1016/j.hjb.2015.07.001
Florencio, C., Couri, S. and Farinas, C.S. 2012. Correlation
between agar plate screening and solid-state fermentation for the prediction of cellulase production by
Trichoderma strains. Enzyme Research. 1-7.https://
doi.org/10.1155/2012/793708
Gontang, E.A., Aylward, F.O., Carlos, C., Glavina del Rio,
T, Chovatia, M, Fern, A, Lo, C.C., Malfatti, S. A.,
Tringe, S.G., Currie, C.R. and Kolter, R. 2017. Major
changes in microbial diversity and community composition across gut sections of a juvenile Panclhora
cockroach. Plos ONE. 12:1-21. https://doi.org/
10.1371/journal.pone.0177189
Ifeanyi, O.T. and Odunayo, O.O. 2015. Microbiology of
cockroach - A public health concern. International
Journal of Sciencetific Research. 4 : 485-488.https://
doi.org/10.36106/ijsr
Lohri, C.R., Diener, S., Zabaleta, I., Mertenat, A. and
Zurbrugg, C. 2017. Treatment technologies for urban
solid biowaste to create value products: are view
with focus on low- and middle-income settings.
Reviews in Environmental Science and Bio-Technology.
16 : 81-130.https://doi.org/10.1007/s11157-0179422-5
Moges, F., Eshetie, S., Endris, M., Huruy, K., Muluye, D.,
Feleke, T., Silassie, F.G., Ayalew, G. and Nagappan,
R. 2016. Cockroaches as a sources of high bacterial
pathogens with multidrugs resistant strains in
Gondar Town, Ethiopia. Biomed Research International. 4:1-6.https://doi.org/10.1155/2016/2825056
Morales, G.E. and Wolff, M. 2010. Insects associated
with the composting process of solid urban waste
separated at the sourcea. Revista Brasileirade
Entomologia. 54 : 645-653.https://doi.org/10.1590/
S0085-56262010000400017
Mullins, D.E. 2015. Physiology of environmental adaptations and resource acquisition in cockroaches. An-

S130
nual Review of Entomology. 60 : 473-492.https://
doi.org/10.1146/annurev-ento-011613-162036
Patiño-Navarrete, R., Piulachs, M., Belles, X., Moya, A.,
Latorre, A. and Peretó, J. 2014. The cockroach
Blattella germanica obtains nitrogen from uric acid
through a metabolic pathway shared with its bacterial endosymbiont. Biology Letter. 10 : 384-396.https:/
/doi.org/10.1098/rsbl.2014.0407
Pérez-Cobas, A. E, Maiques, E., Angelova, A., Carrasco, P.,
Moya, A. and Latorre, A. 2015. Dietshapes the
gutmicrobiota of the omnivorous cockroach Blattella
germanica. Federation of European Microbiolgical Societies. 91 : 1-14.https://doi.org/10.1093/femsec/
fiv022
Pietri, J.E., Tiffany, C. and Liang, D. 2018. Disruption of the
microbiota affects physiological and evolutionary
aspects of insecticide resistance in the German cockroach, an important urbanpest. Plos ONE. 13 : 117.https://doi.org/10.1371/journal.pone.0207985
Richards, C., Otani, S., Mikaelyan, A. and Poulsen, M.
2017. Pycnoscelus surinamensis cockroach
gutmicrobiota respond consistently to a fungal diet
with out mirroring those of fungus-farming termites. Plos ONE. 12 : 1-19.https://doi.org/10.1371/
journal.pone.0185745
Roth, L.M. 1998. The cockroach genus Pycnoscelus scudder,
witha description of Pycnoscelus femapterus, sp. nov.
(Blattaria: Blaberidae: Pycnoscelinae). Oriental Insects. 32 : 93-130.https://doi.org/10.1080/
00305316.1998.10433770
Rozendaal, A. 1997. Vector control: Methods for use by
individuals and communities. World Health Organization: England.
Sari, W.N., Safika, Darmawi, and Yudha, F. Isolation and
identification of a cellulolytic Enterobacter from
rumen of Aceh cattle. Veterinary World. 22310961.https://doi.org/10.14202/
vetworld.2017.1515-1520
Schauer C., Thompson, C.L. and Brune, A. 2012. The bacterial community in the gut of the cockroach
Shelfordella lateralis reflects the close evolutionary
related ness of cockroaches and termites. Applied and
Environmental Microbiology. 78 : 2758-2767.https://
doi.org/10.1128/AEM.07788-11
Shaoli D. and Debnath, B. 2016. Prevalence of health hazards assosiated with solid wasted isposal - A case
study of Kolkata, India. Procedia Environmental Sciences. 35 : 201-208.https://doi.org/10.1016/
j.proenv.2016.07.081
Sharma, S., Prasad, R.K., Chatterjee, S., Sharma, A., Vairale,
M.G. and Yadav, K.K. 2018. Characterization of Bacillus species with keratinase and cellulase properties isolated from feather dumping and cockroach
gut. Proceedings of the National Academy of Sciences,
India Section B: Biological Sciences. 89 : 10791086.https://doi.org/10.1007/s40011-018-1026-5

Eco. Env. & Cons. 26 (April Suppl. Issue) : 2020
Sikora, L.J. 1998. Benefits and drawbacks to composting
organic by-products. In: Beneficial Co-Utilization of
Agricultural, Municipal, and Industrial by-Products.
Sally Brown J. Scott Angle Lee Jacobs (Editors).
Springer: Dordrecht.https://doi.org/10.1007/97894-011-5068-2_6
Singh, R., Kumar, M., Mittal, A. and Mehta, P.K. 2016. Microbial enzymes: industrial progress in 21st century.
3 Biotech. 6(174): 1-5. https://doi.org/10.1007/
s13205-016-0485-8
Supriyatna, A. and Ukit, U. 2016. Screening and isolation
of cellulolytic bacteria from gut of black soldier flays
larvae (Hermetiaillucens) feeding with rice straw.
Biosaintifika. 8 : 314-320.https://doi.org/10.15294/
biosaintifika.v8i3.6762
Susanti, P.D. and Halwany, W. 2017. Dekomposisi serasah
dan keanekaragamanmakr of aunatanahpad
ahutantanam an industri Nyawai. JurnalIlmu
Kehutanan. 11 : 212-223.https://doi.org/10.22146/
jik.28285
Taggar, M.S. 2015. Insect cellulolytic enzymes: Novel
sources for degradation of lignocellulosic biomass.
Journal of Applied and Natural Science. 7 : 625-.https:/
/doi.org/10.31018/jans.v7i2.656
Tarli, V.D., Pequeno, P.A.C.L., Franklin, E.,W. De Morais,
J., Zouza, J.L.P., Oliveira, A.H.C. and Guilherme,
D.R. 2014. Multiple environmental controls on cockroach assemblage structure in a tropical rain forest.
Biotropica. 46 : 1-10.https://doi.org/10.1111/
btp.12138
Tinker, K. A. and Ottesen, E. A. 2016. The core gut
microbiome of the american cockroach, periplaneta
americana, is stable and resilient to dietary shifts.
Applied and Environmental Microbiology. 82 : 66036610.https://doi.org/10.1128/AEM.01837-16
Tuomela, M., Vikman, M., Hatakka, A. and Itavaara, M.
2000. Biodegradation of lignin in a compost environment: A review. BioresourceTechnology. 72 : 169183.https://doi.org/10.1016/S0960-8524(99)00104-2
Visotto, L.E., Oliveira, M.G., Guedes, R.N., Ribon, A.O.
and Good-God, P.I. 2009. Contribution of gut bacteria to digestion and development of the velvetbean
caterpillar, Anticarsia gemmatalis. Journal Insect
Physiol. 55 : 185-191. https://doi.org/10.1016/
j.jinsphys.2008.10.017
Warunasinghe, W.A.A.I. and Yapa, P.I. 2016. A survey on
household solid waste management (SWM) with
soecial reference to aperi-urban area (Kottawa) in
Colombo. Procedia Food Science. 12 : 718-729.ttps://
doi.org/10.1016/j.profoo.2016.02.038
Weisser, W.W. and Siemann, E. 2008. The various effects
of insects on ecosystem functioning. In: Weisser, W.
W. and Siemann, E. (Editors). Insect and Ecosystem
Function. 173 : 3-24. Springer: Verlag Berlin
Heidelberg.https://doi.org/10.1007/978-3-54074004-9_1

NI’MATUZAHROH ET AL
Wynants, E., Frooninckx, L., Crauwels, S., Verreth, C., De
Sme, J., Sandrock, C., Wohlfahrt, J., Van Schelt, J.,
Depraetere, S., Lievens, B.,Van Miert, S., Claes, J. and
Van Campenhout, L. 2019. Assesing the microbiota
of black soldier fly larvae (Hermetia illucens) reared
on organic waste streams on four different locations
at laboratory and large scale. Environmental Micro-

S131
biology. 77: 913-930. https://doi.org/10.1007/
s00248-018-1286-x
Zhang, X.C. and Zhang, F. 2018. The potential control strategies based on the interaction between indoor cockroaches and their symbionts in china. Chapter Four.
Advances in Insect Physiology. 55 : 55-122. https://
doi.org/10.1016/bs.aiip.2018.07.001

