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ABSTRACT

Background: Indonesia has a high production of cassava, and cassava waste has significant potential as an alternative
feed. However, the high levels of hydrogen cyanide (HCN) and crude fiber in cassava waste pose safety risks for its
use as animal feed.

Aim: This study aimed to identify the morphology and molecular characteristics of cyanolytic and cellulolytic bacteria
from cassava waste and evaluate their potential in reducing cyanide levels and improving its nutritional value to ensure
feed safety.

Methods: The first step of this research involved the isolation and screening of cyanolytic and cellulolytic bacteria
from cassava waste using DNA sequence homology analysis and constructing a phylogenetic tree. The second step
evaluated the potential of the identified bacteria to improve cassava waste as a safe feed. The bacteria were used as
inoculants in cassava waste fermentation, employing a factorial, completely randomized design with two factors: types
of inoculants and fermentation duration. Data were analyzed using analysis of variance followed by Duncan’s Multiple
Range Test.

Results: This study identified two novel bacterial strains, namely Proteus vulgaris HT3, and Citrobacter freundii
HT1. The application of these bacteria as inoculants in cassava waste fermentation at different durations significantly
reduced cyanide content, crude fiber, and pH, while significantly increasing protein content. This improved the quality
of cassava feed as a safe feed.

Conclusion: Cassava waste fermented for 15 days with C. freundii HT1 produced the best feed quality and safety, with
the lowest HCN and crude fiber and high crude protein content.

Keywords: Cassava waste, Citrobacter freundii HT1, Cyanide reduction, feed safety, Proteus vulgaris HT3.

Introduction

Indonesia is a country with abundant cassava waste,
which is attributed to numerous cassava-based food
processing businesses. Cassava is a locally sourced
product in several regions of the country. These
industries generate significant amounts of cassava peels
and leaf residues, which hold potential as local feed
ingredients. The use of locally available feed resources
derived from community waste offers an alternative to
providing affordable and sustainable feed solutions.

Cassava production in Indonesia accounts for
14,978,310 tons annually (CADIS, 2024), with cassava
peels accounting for approximately 5%—15% of the
total production. In addition to cassava peels, cassava
leaves exhibit significant potential as an alternative
feed due to their high protein content (Gundersen et al.,
2022). Cassava leaves can yield approximately 10 tons

per hectare, with the crude protein content ranging
from 33.8% to 37.4% (Enoch et al., 2022).

However, a major limitation of using cassava peels and
leaves as feed is their anti-nutrient content, particularly
cyanide (HCN). Cyanide disrupts cellular respiration by
binding to the cytochrome oxidase enzyme, preventing
tissue oxygen utilization, resulting in livestock
mortality (Suharti ef al., 2021). The cyanide content in
cassava leaves ranges from 200 to 300 ppm (Anjani
et al., 2021), and in cassava peels, it can reach up to
250 ppm (Srisaikham ef al., 2018). This is far above the
safety limit for feed, which is set at 50 ppm to ensure the
health and productivity of livestock (Srisaikham et al.,
2018). Feed containing cyanide levels exceeding this
limit can compromise safety and pose risks to livestock,
making the reduction of cyanide content essential when
using cassava waste as feed ingredients. Furthermore,
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cassava peels have a high crude fiber content (16.25%)
and low crude protein content (4.33%), whereas
cassava leaves contain approximately 20% crude fiber
(Enoch et al., 2022). These factors, along with cyanide
content, hinder the direct use of cassava waste as a safe
and nutritionally adequate feed resource.

Several conventional methods, such as drying, heating,
and boiling, have been used to reduce cyanide levels in
cassava peels and leaves. However, these methods often
result in significant losses of nutrients, particularly
proteins. Fermentation is considered a more effective
processing method for reducing HCN and crude
fiber content while simultaneously increasing protein
content. However, conventional fermentation methods
can result in up to 58% protein loss (Hawashi et al.,
2019).

The fermentation process has a significant potential in
enhancing the nutritional quality of cassava waste by
reducing HCN and crude fiber content. Additionally,
fermentation improves the taste and bioavailability of
feed ingredients (Marlida et al., 2023) and reduces anti-
nutritional factors (Wea et al., 2020). Previous studies
have demonstrated that fermentation using cellulolytic
microbes is effective in reducing crude fiber but less
effective in reducing cyanide (Olurontolo, 2018). On
the other hand, fermentation using cyanide-degrading
bacteria such as Leuconostoc mesenteroides reduced
cyanide content by up to 90.43% in cassava peels and
86.89% in cassava leaves, but only reduced crude fiber
content by 2.35% (Triani et al., 2024). Fermentation
of cassava peels with Saccharomyces cerevisiae
successfully reduced crude fiber and increased
crude protein but was less effective in reducing
HCN. Meanwhile, fermentation using Bacillus
amyloliquefaciens increased crude protein content by
45.34% and reduced crude fiber content by 13.48%
(Triani et al., 2024).

The effectiveness of fermentation is largely dependent
on the microbial strains used. Microbes isolated from
cassava waste effectively reduce the anti-nutrient factors
present in cassava. Previous studies have identified
several bacteria in cassava waste that produce cellulase
and B-glucosidase enzymes, which have the potential
to serve as inoculants for fermentation to improve the
nutritional quality of cassava waste as feed ingredients
(Nwakoby et al., 2021; Triani et al., 2024). However,
the identification of these bacterial strains has not yet
been conducted, and their ability to enhance the quality
of cassava waste as feed has not been comprehensively
evaluated.

Therefore, this study aimed to identify the morphology
and molecular characteristics of bacteria isolated from
cassava waste and evaluate their ability to enhance the
nutritional quality of cassava peels and leaves. The
goal is to ensure that cyanide content is reduced to safe
levels (below 50 ppm) and that cassava waste can serve
as both safe and potential feed ingredient for livestock.

Materials and Methods

Research design

The first stage of this research involved the isolation
and morphological as well as molecular identification
of cellulolytic and cyanolytic bacteria from cassava
waste. Molecular identification was performed through
DNA sequence homology analysis and phylogenetic
tree construction. This was followed by an evaluation
of the bacteria’s ability to improve cassava waste as
a feed. The bacteria were used as inoculants in the
fermentation of cassava waste, employing a factorial,
completely randomized design to determine the
optimal bacterial strains and fermentation duration for
enhancing feed quality.

Identification of cellulolytic and cyanolytic bacteria
Bacterial identification was conducted by inoculating
bacteria into selective cellulose media (carboxymethyl
cellulose [CMC]) and selective cyanide media
(potassium cyanide [KCN]). Clear zones around the
paper disks indicate cellulolytic activity. Similarly,
clear zones on selective cyanide media indicate
cyanolytic activity. The bacteria that produced clear
zones on both selective media were then subjected to
morphological and molecular analysis.

Morphological characteristics of cellulolytic and
cyanolytic bacteria

Morphological —characteristics were determined
by macroscopic and microscopic examinations.
Macroscopic  identification was performed to
observe colony characteristics, including shape and
margin. Microscopic identification was conducted by
examining isolates under a microscope, with a focus on
Gram staining and bacterial shape.

Molecular identification

Molecular identification involves DNA isolation,
amplification of DNA via PCR, analysis of PCR
results, DNA sequencing, and phylogenetic analysis
(Pazla et al 2024; Abdul et al 2024).

Evaluation of bacteria for improving feed quality and
safety

The materials used in this study were cassava peels,
and leaves obtained from local cassava chip industries.
The inoculants were bacteria HT1 and HT3, which
were grown on rice bran medium. The fermentation
composition ratio was 80% cassava peel and 20%
cassava leaves, with an inoculant dose of 3%. The
research employed a factorial, completely randomized
design (3 x 3) with four replications. Factor A was
the fermentation duration (5, 10, and 15 days), and
Factor B was the type of isolate (HT1, HT3, and the
combination of HT1+HT3). The parameters observed
included crude fiber, cyanide content, crude protein,
and pH.

Cyanide content was measured using the APAH
method (APAH, 2021), crude fiber and crude protein
were analyzed using the AOAC method (AOAC,
2021), and pH was measured using a pH meter (Astuti
et al., 2013). The best-quality fermented cassava waste
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was selected for further analysis, including amino acid
profiling and complete nutrient content evaluation.
Data analysis

Bacterial identification was a qualitative study, and
the results are presented in tables and figures. The
evaluation of bacteria for improving feed quality was
quantitative. Data were analyzed using analysis of
variance to determine treatment effects, followed by
Duncan’s multiple range test (Steel and Torrie, 1993) if
significant effects were observed.

Ethical approval

Ethical approval was not required because this study
did not include any live animals.

Results

In the screening of bacteria from cassava waste,
two bacterial isolates, HT1 and HT3, were found to
produce clear zones on selective media containing
CMC and KCN, as shown in Figures 1 and 2. These
findings indicate that HT1 and HT3 are cellulolytic and
cyanolytic bacteria capable of degrading cellulose and
cyanide. Morphological identification revealed that
HT1 and HT3 form white, round, and mucoid colonies,
respectively, and are aerobic bacteria (Table 1). In the
Gram staining test, both isolates were classified as
Gram-negative (-), characterized by a pink coloration
(Fig. 3).

The electrophoresis results indicated that PCR
successfully amplified the 16S rRNA gene region
of both isolates (HT1 and HT3), as indicated by the
formation of bands corresponding to PCR fragments
with amplicons of 1498 bp (Fig. 4). Based on BLAST
analysis of the 16S rRNA sequence, isolate HT1
showed the highest similarity to Citrobacter freundii
strain S519 (Table 3), whereas isolate HT3 was closely
related to Proteus vulgaris strain VBE35 (Table 4).
In the phylogenetic tree, isolates HA1 and HA2 are
located outside the branch chain, suggesting that the
HT1 and HT3 isolates represent novel bacterial strains
(Figs. 5 and 6).

The results of the study showed that the type of
inoculant and fermentation duration had a highly
significant effect on the crude fiber content, HCN
levels, crude protein content, and pH value (Table
5). The application of these bacteria as inoculants
demonstrated that a fermentation duration of 15 days
significantly (p < 0.01) reduced crude fiber compared
with fermentation durations of 5 and 10 days.
However, no significant differences (p > 0.05) were
observed between the 5-day and 10-day fermentation
durations in terms of crude fiber reduction. The HCN
content was significantly lower (p < 0.01) in cassava
waste fermented with C. freundii HT1 for 15 days, P
vulgaris HT3 for 5 days, and with the combination of
inoculants for 5 and 10 days. Analysis of variance and
Duncan’s multiple range test revealed higher crude
protein content (p < 0.05) was observed in cassava
waste fermented with P. vulgaris strain HT3 for 5-10
days, with mixed inoculants (C. freundii HT1 + P,

Fig. 2. Clear zones of isolates in selective cyanide (KCN)
media.

HT1

Fig. 1. Clear zones of isolates in selective cellulose (CMC) media.
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Table 1. Macroscopic identification of isolates.

Isolate
Characterization
HT1 HT3
Colony color White White

Colony shape Spread, mucoid Spread, mucoid
Aerobic/anaerobic Aerobic Aerobic
Catalase ) +)
Oxidase (-) )
Motility +) +)
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Fig. 3. Microscopic analysis of HT1 and HT3. isolates
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Fig. 4. Amplification of 16S rRNA gene of isolate.
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Table 2. Microscopic identification of isolates.

Isolate
Characterization
HT1 HT3
Bacterial color Pink Pink
Gram stain Negative Negative
Bacterial shape Long Bacillus Short Bacillus
Spore ©) ©)

Table 3. BLAST results against NCBI database of HT1 isolate.

Species Maximum Total score Query cover E Maxin}um
score value identity
Citrobacter freundii strain S519 2,588 2,588 99% 0.0 99.79%
Citrobacter werkmanii strain S9 2,584 2,584 100% 0.0 99.58%
Citrobacter sp. S9 2,582 2,584 100% 0.0 99.58%
Citrobacter freundii strain 198 2,580 2,580 99% 0.0 99.58%
Citrobacter freundii strain 1Q2021771 2,580 2,580 99% 0.0 99.58%
Citrobacter freundii strain JX311 258 2,580 99% 0.0 99.65%
Citrobacter freundii strain S35 2,580 2,580 99% 0.0 99.65%
Citrobacter freundii strain 261b 579 2,579 100% 0.0 99.51%
Enterobacter sp. strain PEC Z 2 2,579 2,579 99% 0.0 99.65%
Enterobacter sp. ZTP3 2,579 2,579 100% 0.0 99.58%
Table 4. BLAST results against the NCBI HT3 isolate database.
Species Mz;)c(ir;l;m Total score Query cover valfue Ng;;i:gllym
Proteus vulgaris strain VBE 35 2,591 2,591 100% 0.0 99.72%
Proteus vulgaris strain KL 22 2,588 2,588 99% 0.0 99.72%
Proteus sp. strain KL 11 2,588 2,588 99% 0.0 99.72%
Proteus vulgaris strain P3M 2,588 17,859 99% 0.0 99.72%
Proteus sp. strain SBP10 2,588 2,588 99% 0.0 99.72%
Proteus vulgaris strain BN-1954 2,582 2,582 99% 0.0 99.65%
Proteus sp. strain KL14 2,582 2,582 99% 0.0 99.65%
Proteus penneri FDAARGOS 874 2,582 20,176 99% 0.0 99.65%
Proteus sp. strain L2 2,582 2,582 99% 0.0 99.65%
Proteus vulgaris strain Dg-17-3 2,580 2,580 100% 0.0 99.58%

vulgaris HT3) for 10-15 days, and with C. freundii
HT1 for 15 days. Conversely, cassava waste fermented
with C. freundii HT1 for 5 and 10 days exhibited
significantly higher pH values (p < 0.01) compared
with fermentation durations of 15 days.

Discussion

Screening of cellulolytic and cyanolytic bacteria
The clear zone formed on CMC media indicates the
hydrolytic activity of the cellulase enzymes secreted

by the bacterial isolates. The hydrolysis products, in
the form of glucose, cannot form complex bonds with
Congo red (Ejaz et al., 2021). The clear zone observed
on KCN media suggests that the isolates are capable of
degrading cyanide. Cyanide-degrading bacteria utilize
cyanide and its derivatives as a nitrogen source for
their growth. These bacteria contribute significantly
to bioremediation processes by reducing the cyanide
content in the material. Cyanide-degrading bacteria
possess specific metabolic pathways for cyanide
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— Citrobacter freundii Strain PECZ2

HT1

Citrobacter Freundii Strain S519
Citrobacter werkmanii Strain SO
Citrobacter sp Strain S9

Citrobacter sp Strain 198

Citrobacter freundii Strain 1Q2021771
Citrobacter freundii Strain JX311

Citrobacter freundii Strain S35

Citrobacter freundii Strain 261b

Citrobacter freundii Strain ZTP3

Fig. 5. Phylogenetic tree of HT1 isolate.

HT3

Proteus vulgaris strain VBE35

Proteus sp. KL11

Proteus vulgaris strain K1.22

Proteus sp KL14

Proteus vulgaris strain BN_1954

Proteus sp.L2

Proteus vulgaris strain Dg_17-3

Proteus vulgaris strain P3M

Proteus vulgaris sp.SBP10

Proteus penneri strain FDAARGOS_874

Fig. 6. Phylogenetic tree of HT3 isolates.

degradation and mechanisms to mitigate cyanide
toxicity (Roldan et al., 2021).

Morphological characteristics of cellulolytic and
cyanolytic bacteria

In the oxidase test, both isolates (HT1 and HT3) were
oxidase-negative, indicating that they did not produce
oxidase. In contrast, in the catalase test, isolates HT1
and HT3 tested negative and positive, respectively, as
indicated by bubble formation upon the addition of
hydrogen peroxide (H,0,). The catalase test determines
whether bacterial isolates produce the enzyme catalase,
which hydrolyzes hydrogen peroxide into water and
oxygen. Catalase-positive results are characterized

by the presence of bubbles after the addition of H,O,
(Roldan et al., 2021).

In the motility test, both isolates obtained from cassava
waste (HT1 and HT3) exhibited motility. Motile
bacteria typically possess flagella that enable their
movement (Ardiansyah et al., 2018). The microscopic
observations of HT'1 and HT3 are summarized in Table
2 and Figure 3. The results revealed that isolate HT1 is
a long rod-shaped bacterium, whereas isolate HT3 is
a shorter rod-shaped bacterium. In the Gram staining
test, both isolates were classified as Gram-negative
(-) bacteria, as indicated by the pink coloration. This
characteristic results from bacteria possessing a thin
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peptidoglycan layer in their cell walls. Gram-negative
bacteria have a cell wall structure composed of a thin
peptidoglycan layer and high lipid content.

Isolates HT1 and HT3 were identified as non-spore-
forming bacteria because no clear areas indicative
of spores were observed in the bacterial cells. This
suggests that the isolates studied are not heat-resistant.
Spore-forming bacteria can survive and protect
themselves under extreme conditions such as heat,
cold, and chemical exposure, as well as from parasitic
bacteria. In contrast, spore-forming bacilli exhibit
relatively high resistance to physical and chemical
treatments (Cho and Myong 2020).

Gene amplification and 16S rRNA sequence analysis
The electrophoresis results demonstrated that
PCR amplified the 16S rRNA gene region of both
isolates (HT1 and HT3). This was confirmed by
the appearance of PCR products using the primers
27F (AGAGTTTGATCCTGGCTCAG) and 1492R
(GTTTACCTTACGACT). The PCR bands exhibited
a sufficiently high DNA concentration, allowing for
clear visualization under a UV transilluminator Figure
4. These bands corresponded to PCR fragments,
producing amplicons of 1498 bp (Fig. 4).

The molecular approach aimed to analyze the
phylogenetic relationships of the isolates by comparing
ribosomal RNA sequences using 16S rRNA nucleotide
sequence databases as references for the nucleotide
sequences obtained from sequencing. According
to the previous research (Prima et al., 2021), the

amplification of the 16S rRNA gene utilizes a forward
primer (specific to a given strain) designed based on a
conserved region of the 16S rRNA gene that is genus-
specific for bacteria.

The results of the 16S rRNA gene sequence analysis
for isolate HT'1 from cassava waste yielded contig data
from forward and reverse DNA sequencing, which were
then compared with DNA sequences available in the
GenBank to determine the level of similarity using the
BLAST (Basic Local Alignment Search Tool) program
on the NCBI (National Center for Biotechnology
Information) website. Based on the BLAST results,
it was determined that isolate HT1 shares the highest
similarity with C. freundii strain S519, exhibiting a
percentage identity of 99.79% (Table 3). Meanwhile,
isolate HT3 exhibited the highest similarity with P,
vulgaris strain VBE35, with a percentage identity of
99.72% (Table 4). Percentage identity refers to the
degree of similarity between the input and target DNA
sequences. Microorganisms using the 16S rRNA gene
are considered identical (or similar) at the species
level if the percentage identity exceeds 97.5% and at
the genus level if it exceeds 95% (Stackebrandt and
Goebel, 1994).

The phylogenetic analysis

The phylogenetic analysis (Fig. 5) of isolate HTI,
conducted using MEGAI1l software, revealed that
isolate HT1 was most closely related to C. freundii
strain S519. Meanwhile, isolate HT3 was more closely
related to P vulgaris strain VBE35, as shown in the

Table 5. Ability of Citrobacter freundii HT1 (HT1) and Proteus vulgaris HT3 (HT3) to improve cassava waste.

Duration fermentation

Variables Isolate Average
5 days 10 days 15 days

Crude fiber (%) HT1 10.15+0.33 991 +0.41 9.24+0.49 9.76 £ 0.98
HT3 10.25+0.15 10.34+0.31 9.15+0.42 9.91 +0.53
HT1+HT3 10.45+0.26 10.29 +0.37 9.31+0.12 10.02 = 0.50
Average 10.29 +£0.13¢ 10.17 £0.19* 9.24+£0.07° 9.90 +0.57

Cyanide acid (ppm) HT1 44,50 + 1.24* 44.88 +0.90* 33.01°+ 0.59 40.79 £5.514
HT3 31.40+£2.2¢ 40.68 + 3.69° 43.16" + 1.62 38.4 +5.0648
HTI1+HT3 30.85 +3.47¢ 33.26 +4.60° 43.96" + 1.63 36.03 +5.698
Average 35.58%+6.34 39.61 +4.808 40.04 £ 5.69® 38.41+2.46

Crude protein (%) HTI 15.98 £ 0.38* 16.77 + 0.66® 17.67 + 0.58%4 16.81 +0.68*
HT3 17.98 £ 0.22« 17.93 £ 0.35« 17.11 £ 0.63% 17.68 + 0.408
HTI1+HT3 17.28 £ 0.73%¢ 18.48 £0.37¢ 17.54 + 0.820<¢ 17.69 + 0.428
Average 17.08 +£0.83 17.65 + 0.64 17.44 +£0.23 17.39 +£0.28

pH HT1 4.50 £ 0.02° 4.45+0.02¢ 4.28 +0.04° 4.41+0.094
HT3 4.28 +£0.02° 4.31+0.03° 4.270.01° 4.29 +0.028
HT1+HT3 4.26 +0.02° 4.30 +0.03° 4.26 +0.02° 428 +0.028
Average 434+0.114 4.35+0.06* 4.27+0.018 4.32+0.04

Note: Different superscripts on the same rows and columns indicate a very significant effect (p < 0.01).
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Table 6. Amino acids of fermented cassava waste.

Amino acids Total (%)
Aspartic acid 0.87+0.24
Glutamic acid 1.04 £0.31
Serine 0.21 £0.26
Glycine 0.07 £0.22
Histidine 0.05+0.34
Arginine 0.10 £ 0.30
Threonine 0.82+0.34
Alanine 0.05+0.27
Proline 0.03 £ 0.25
Tyrosine 0.42 £0.25
Valine 0.78 +0.20
Methionine 0.43 £ 0.30
Cysteine 0.08 £0.20
Isoleucine 0.36+0.22
Leucine 1.32+0.19
Phenylalanine 0.70 £ 0.29
Lysine 1.23+£0.23

phylogenetic tree (Fig. 6). The phylogenetic tree
illustrates the evolutionary relationships between
bacterial species, showing their proximity or distance
(Darupamenang et al., 2022). In this study, the
phylogenetic tree positions the isolates HT1 and HT3
outside the main branches, suggesting that they can
be classified as novel bacterial strains. These bacteria
were therefore named C. freundii HT1 and P. vulgaris
HT3.

C. freundii exhibits growth in media containing cyanide,
possibly due to the presence of enzymes capable of
degrading cyanide (Snihur et al., 2018), although the
extent of cyanide reduction was not measured. The
results of this study support previous findings that the
bacterial isolate HT1, classified as C. freundii is not
only able to grow on substrates containing cyanide
and degrade the cyanide present in cassava waste by
producing the enzyme B-glucosidase. In addition, the
isolate C. freundii HT1 produces cellulase enzymes
capable of degrading crude fiber.

Proteus vulgaris, identified in this study, is a bacterium
capable of producing both -glucosidase and cellulase,
enabling it to degrade HCN and the crude fiber present
in cassava waste. Previous studies have not identified
P vulgaris as capable of degrading HCN and cellulose.
The findings of this study provide evidence that P
vulgaris HT1 is a novel strain capable of degrading
both HCN and cellulose in cassava waste.

Crude fibers of fermented cassava waste

Crude fibers can be reduced by cellulolytic bacteria that
exhibit high cellulase enzyme activity. These bacteria

are commonly found in landfill sites containing cassava
waste or within the cassava waste itself (Gimba et al.,
2021; Triani et al., 2024). The crude fiber content in
this fermentation treatment was significantly lower
than the crude fiber content without fermentation
(21.96% (Triani et al., 2024). Fermentation of cassava
waste using C. freundii HT1 and P. vulgaris HT3, either
as single inoculants or in combination, for 15 days
resulted in a 57.92% reduction in crude fiber content.
Meanwhile, after 5 and 10 days of fermentation, the
crude fiber content decreased by 53.14% and 53.68%,
respectively.

Fermentation of cassava waste using C. freundii HT1
and P, vulgaris HT3 was the most effective method for
reducing crude fiber. This is due to the production of
cellulase and B-glucosidase enzymes by these bacteria,
with the synergy of these two enzymes enhancing the
degradation of cellulose. Cellulase is a potent enzyme
capable of degrading the strong polymer structure of
cellulose. Thus, the combination of several enzymes,
including cellulase and B-glucosidase, is essential for
effective cellulose degradation. The degradation of
cellulose requires three distinct enzymes to convert the
polymer substrate into monomeric glucose substrates:
endoglucanase (endocellulase), exoglucanase
(exocellulase), and p-glucosidase. These enzymes
hydrolyze and break glycosidic bonds, playing
different roles in cellulose hydrolysis. Endoglucanase
releases cellooligosaccharides by degrading long
polymer chains in cellulose, and exoglucanase cleaves
the ends of these chains to release cellobiose, which
is then hydrolyzed by p-glucosidase to release glucose
(Machiel et al., 2023; Datta, 2024).

HCN in fermented cassava waste

Cassava waste without fermentation contains 155.82
ppm of HCN Triani et al., 2024. However, through
the biotechnology of fermenting cassava waste using
C. freundii HT1, cyanide levels can be reduced by
78.82% after 15 days of fermentation. Fermentation
using Proteus vulgaris HT3 as an inoculant for 5 days
reduced HCN by 79.85%. The combined inoculants of
bacteria with a fermentation duration of 5 days reduced
HCN by 80.02%.

The results showed that as the fermentation duration
of C. freundii HT1 increased, the cyanide content
decreased. This is because a prolonged fermentation
period leads to an increase in the bacterial population,
resulting in the production of more B-glucosidase
enzymes, which accelerate the HCN in cassava waste.
Fermentation of cassava waste using P. vulgaris HT3
showed that cyanide levels significantly increased
after 5 days of fermentation. This result was attributed
to the longer fermentation duration, which led to the
production of secondary metabolites, including HCN,
by P. vulgaris HT3. This finding aligns with a previous
study (Li et al., 2023), which explained that P. vulgaris
can produce the aromatic cyanoglucoside amygdalin,
which accumulates and is converted into HCN. When
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fermented using a combination of C. freundii HT1 and
P, vulgaris HT3, cyanide levels remained lower during
fermentation durations of 5 and 10 days. This suggests
that the synergistic effect of the two bacteria is most
effective for up to 10 days.

A high concentration of p-glucosidase enzyme,
produced by C. freundii HT1 and Proteus vulgaris
HT3, can effectively reduce cyanide levels in cassava
waste. The B-glucosidase enzyme is classified within
the glycoside hydrolase family and plays a crucial role
in the hydrolysis of cyanogenic glucosides (Sengupta
et al.,2023). In this process, cyanogenic glucosides are
hydrolyzed by B-glucosidase into B-D-glucopyranose
and acetone cyanohydrin. The cyanohydrin is then
converted into acetone and cyanide. Cyanide, with
the assistance of enzymes such as cyanase, cyanide
hydratase, and cyanide dehydratase, is further
hydrolyzed into carbon dioxide (CO,), ammonia,
and formic acid, as part of the metabolic processes
supporting bacterial growth (Mislah et al., 2018; Zhang
etal., 2024).

Crude protein of fermented cassava waste

The results of this study showed that the P. vulgaris
HT3 inoculant, with 5 and 10 days of fermentation,
produced higher crude protein levels compared with
the combination inoculant (C. freundii HT1 + P
vulgaris HT3) with 10 and 15 days of fermentation,
and fermentation by C. freundii HT1 alone for 15
days. This is because the growth rate of P. vulgaris
HT3 is faster than that of C. freundii HT1, leading to
a larger bacterial population, which enhances protein
fermentation in cassava waste.

Bacteria are single-celled organisms that can increase
the protein content of feed ingredients. A high microbial
population during fermentation boosts the protein
content of the material through protein synthesis
within the bacterial cells. Protein synthesis involves the
formation of polypeptide compounds in bacterial cells,
which are essential for bacterial reproduction. These
compounds ultimately increase the protein content
in the feed. Fermentation using microbes is a highly
effective method for converting nonfood biomass into
protein (Zhang et al., 2024).

The results illustrated that cassava waste fermented
with C. freundii HT1 for 10 and 15 days resulted in
protein levels of 16.77% and 17.67%, respectively.
These protein values were higher than the fermentation
duration of 5 days. This was because the growth profile
of C. freundii HT1 was slower, allowing the bacteria
to remain in the growth phase, even at 15 days. The
growth profile of bacteria is influenced by factors such
as the bacterial type, available nutrients, and substrate
on which they grow (Kumakura et al., 2023). The crude
protein content of unfermented cassava waste (peel and
leaves) is only 1.84% (Triani et al., 2024). However,
fermentation with C. freundii HT1 and P. vulgaris HT3
increased the crude protein content of cassava waste
from 25.90% to 56.08%.

PH of fermented cassava waste

The results showed that during fermentation using
C. freundii HT1, the pH value at 5 and 10 days was
significantly higher than that at 15 days. This was
because the bacteria were still in the growth phase,
meaning that the fermentation process had not yet
been completed. When the fermentation duration was
extended to 15 days, the pH of the fermented cassava
waste significantly decreased due to the increased
production of organic acids resulting from the growing
bacterial population.

Fermentation using P. vulgaris HT3 or a combination
of inoculants showed that after 5 days, the pH value
after 5 days compared to fermentation with C. freundii
HT1 for the same period. This was because the
growth profile of P. vulgaris was faster, thus allowing
the fermentation process to be completed within 5
days, as indicated by the lower pH. Extending the
fermentation duration to 10 and 15 days did not reduce
the pH because the bacteria entered the death phase. pH
reduction is influenced by various biological factors,
including genomic, biochemical, cellular, population,
and ecosystem levels (Lund et al., 2020; Sandi ef al.,
2023).

According to the study findings, cassava waste
fermented for 15 days with C. freundii HT1, 5 days with
P, vulgaris HT3, and 10 days with a combination of C.
freundii HT1 and P. vulgaris HT3 showed improved
quality. However, the highest quality cassava waste for
feed use was produced by the C. freundii HT1 isolate
after 15 days of fermentation. This resulted in the
lowest crude fiber content, along with low pH, reduced
cyanide levels, and high crude protein content.

Amino acid and nutrient content of fermented cassava
waste

The analysis of amino acid content revealed that
the best cassava waste was fermented for 15 days
using C. freundii HT1, as shown in Table 6. The
fermentation process resulted in higher essential amino
acid concentrations. The amino acids in fermented
cassava waste included threonine, valine, isoleucine,
leucine, and phenylalanine at concentrations of 0.82%,
0.78%, 0.36%, 1.32%, and 0.70%, respectively. These
values were significantly higher than those found in
unfermented cassava waste, which contained 0.14%
threonine, 0.17% valine, 0.14% isoleucine, 0.22%
leucine, and 0.15% phenylalanine (Oladimeji et al.,
2022).

Amino acid content is closely associated with feed
quality, particularly essential amino acid content. This
is significant because essential amino acids cannot be
synthesized by livestock and must therefore be included
in their diets, where they are crucial for growth (Church
et al., 2020). Diets containing higher levels of essential
amino acids, such as lysine and methionine, are linked
to improved meat production (Wu et al., 2021) and egg
production (Djulardi et al., 2024).
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Table 7. Nutritional Content of Cassava Fermented Cassava Waste.

Nutritional Fermented Cassava waste Cassava Waste

Metabolizable Energy (Kkal/kg) 2207,12 1950,
Crude Protein (%) 17,67 14,27
Crude Fiber (%) 9,24 17,11
Crude Fat (%) 2,10 3,94
Calcium (%) 0,89 0,85
Phosphor (%) 0,64 0,63

The nutritional content of cassava waste is presented References

in Table 7. The quality of fermented cassava waste
is higher than that of unfermented cassava waste,
indicating that fermented cassava waste has the
potential to serve as an alternative feed. Fermentation
not only enhances nutritional quality but also improves
taste and aroma, while increasing the bioavailability of
the product.

Conclusion

In cassava waste, two novel bacterial strains were
identified that produce cellulase and [-glucosidase
enzymes with strong capabilities to degrade cellulose
and cyanide: C. freundii HT1 and P. vulgaris HT3.
Fermentation using a 3% inoculum of C. freundii HT1
for 15 days significantly reduced cyanide toxicity and
improved the quality of cassava waste, making it a safe
livestock feed. This process resulted in a crude fiber
content of 9.24%, HCN of 33.01 ppm, crude protein of
17.67%, and pH of 4.28.
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