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Abstract: Organic waste from the traditional market can be converted into value-added products via
microbial fermentation. This study aims to evaluate the use of the proximate composition of traditional market
waste to optimize the decomposition process and targeted output of decomposition products (in this case, antifungal
compound) based on multi-responses analysis. A proximate combination of heterogeneous solid organic waste is a
new approach to process organic waste using solid-state fermentation. It allows us to combine varied organic waste
materials based on their nutritional value without adding a synthetic chemical compound. The proximate
composition of traditional waste was adjusted with the addition of crop residue. Then response surface methodology
(RSM) was used to determine the effect of the proximate composition on the production of an antifungal compound
by Streptomyces sp. GMR22. RSM analysis showed the proximate composition of 4.55 g ash, 5.50 g protein, 1.61 g
fat, and 41.00 g carbohydrate, which significantly correlate to the highest production of crude extract (0.014 g
extract/g substrate) having a fungal inhibition zone of 19.8 mm. Antifungal activity and the growth of Streptomyces
sp. GMR22 were optimized together via desirability function. Intended for the fermentation process, a substrate
with proximate composition of 6.6 g of ash, 3.1 g of protein, 1.5 g of fat, and 41 g of carbohydrates will produce a
zone of activity of 1.6 mm and 9x108 cells/g with an overall desired value of 0.8628. At the end of the fermentation
process, value approximation and high-resolution mass spectrometry (HRMS) analysis were conducted to confirm
the decomposition process and antifungal compound production. Proximate compositions show decreased
carbohydrate content while increasing protein and ash content, which indicates the decomposition process. HRMS
data shows that 405 compounds were detected; 157 compounds following m/z cloud database, with two dominant
compounds (furanone derivative and oleamide), indicated as an antifungal. Multi-response optimization using
response surface methodology with desirability function can be used to determine the composition of waste and
optimize multi-response (antifungal activity and Streptomyces sp. GMR22 growth) to meet the optimum value of
each response.
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BEEENMBERILEYNTEE, BRERMR 22, BERADITRETR 4.55 g k5. 550 g %
BB, 1.61 g BslA0 41.00 g oKL EHEDELIER, BHRER 19.8 2XERFIHIEIR
HIEEYMEE (0.014 g REMW)/g EY) BEMRNEREENEEENER. ’ﬂéﬁéﬁ}“u%
22 BRAEEHERH KR, ANZEEEE, BAALHER 6.6 ¢ k. 3.1g ERAE. 1
g FERAFN 41 g AL EMRIEYISEE 1.6 Z2KF 9 x 108 fE#EAL/g FEH R, Eﬁ%‘!ﬁ?‘i
2ER 0.8628, FEREBIZMERE, ETEEILIAE D PERE LT U H RN
EW/—\%E’\JJ—EE ELHER RO E B BIHE, MEQBMK Y &EIBN, BXRH
NEREIE, ANNBREERFBBREREAT 405 BHEY ; m/z BEIRESR 157 &t
am, Eﬁﬁﬁ@f%ﬁé% (KELTEYIEEE), XPR/NERE., EREFEEER
HNEREAENZERECATRANEEEYNEMILECLER IERFENEREE
HRERMR 22 £R) WnSEERNREE.

Xiin) - EASKE, BIEmTE BERE.

1. Introduction

Traditional markets in Indonesia are the second-
largest stream of municipal solid waste after household
waste. However, since source separation and waste
processing are not commonly practiced, most of the
waste generated from traditional markets is burned for
waste disposal. Without proper treatment, traditional
market waste has little economic value, thus reducing
interest for the community or private sector in handling
these types of waste [1]. Traditional market waste can
be used to produce valuable bioactive compounds
through biochemical conversion by SSF.

The type of microorganism used during SSF
determines the fermentation product. Therefore, in
addition to its ability to grow in a solid medium, the
selection of microorganisms is also based on the ability
of the microorganism to generate enzymes or
secondary metabolites. SSF produces metabolites used
as raw materials in feed and bio-based industries [2, 3].
Moreover, SSF has been applied to produce valuable
bioactive compounds using various substrates [4, 5].

Actinomycetes, such as Streptomyces, can be used in
SSF of traditional market waste due to their ability to
produce antibiotic compounds that can be used as
biocontrol agents. Streptomyces blastmyceticus strain
12-6 exhibited strong antifungal activity against C.
acutatum, C. coccodes, C. gloeosporioides, F
oxysporum, and T. roseum [6]. Streptomyces
roseoflavus NKZ-259 displayed high antagonistic
activity against six fungal pathogens and reduced the
incidence of the gray tomato mold by 66.67% [7]. Also,
Streptomyces strain KX852460 has antifungal activity
against Rhizoctonia solani AG-3 KX85246, the causal
agent of target spot disease in tobacco leaf. With that
being said, SSF may be applied to produce the
antifungal compound for plant protection using

traditional market waste as substrates [8, 9].

The main component of the traditional market waste
is vegetable waste, which is suitable as a substrate for
SSF by Streptomyces. However, the exact composition
of traditional market waste was varied from time to
time. For the optimal production of antifungal
compounds, optimum substrate composition and
fermentation conditions for Streptomyces and its
secondary metabolite production are required.
Statistical and design methods are required to calculate
multiple variables with the minimum sample amount.
Response surface methodology (RSM) analysis can be
applied to determine the optimum model for substrate
composition. RSM has been used to optimize
cultivation media to produce secondary [10].

The desirability function (DF) approach generated
from RSM is an efficient method to determine
optimum performance levels for one or more responses
simultaneously. The two RSMs were then optimized
with multiple response prediction and optimization.
This procedure utilizes the desirability function. The
method of desirability function is one of the most
popular for multi-response problems [11].

In this study, traditional market wastes were used as
a substrate for SSF. The proximate composition was
adjusted with the addition of crop residue to enhance
the antifungal compound production by Streptomyces
sp. GMR22. The antifungal activity against Fussarium
oxysporum was evaluated. RSM analysis was applied
to determine the effect of the proximate composition on
crude metabolite production and antifungal activity.

2. Methodology

2.1. Microorganisms
Streptomyces sp. GMR22 was obtained from the
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Laboratory of Agricultural Microbiology, Faculty of
Agriculture, Universitas Gadjah Mada. The fungal
pathogen Fusarium oxysporum was obtained from the
Laboratory of Plant Diseases, Faculty of Agriculture,
Universitas Gadjah Mada.

2.2. Inoculum Preparation

Streptomyces sp. GMR22 bacteria were grown in
submerged culture in 500 ml flasks containing 100 ml
of tryptic soy broth medium. The flasks were
inoculated with 1 ml of isolates culture and incubated
at room temperature for 8 days, shaking at 150 rpm.

2.3. Solid-State Fermentation

SSF was performed on a 500 ml Erlenmeyer with
42.5-54 g of waste. Nutrient optimization and
fermentation conditions on antibiotic production were
studied by adding crop residue, which has a proximate
stable test result in traditional market waste according
to the proximate composition. Before inoculation and
incubation were carried out, the waste was sterilized in
the autoclave with a temperature of 121°C for 15
minutes. Each Erlenmeyer was then inoculated with 10
ml of spore suspension and incubated at 37°C for 8
days.

2.4. Extraction of Crude Metabolites

Crude metabolites were extracted at eight days of
fermentation through immersion using methanol. The
extract was evaporated to get the crude residue.
Antifungal activity was determined by the diffusion
method. The crude residue was dissolved in 15 pL of
dimethylsulfoxide (DMSQO) and applied on a paper disc
[12]. The paper disc was then placed on the surface of
the potato dextrose agar media, which has been
overgrown with the Fussarium oxysporum. The plate
was incubated at 30°C for 18-24 hours.

2.5.Box-Behnken Design and Response Surface
Analysis

RSM was analyzed using Minitab software. The
design of the experiment used was Box Behken Design
with four factors on three levels. The factor variables
are X1: ash content (2.5-8 g), X2: protein content (1.5—
55 @), X3: fat content (0.5-2.5 g), and X4:
carbohydrate content (35-41 g) to determine the
response Y: inhibition zone. After the response was
determined for each experiment, each response was
placed into a second-order polynomial model expressed
by the formula:

Y= By +XBix; + X Bixixj + X Bij x;x; 1)
where Y is the predicted response (inhibition zone), Bo
is a constant coefficient, B; is the primary coefficient,
Bi; is the quadratic coefficient, and x; is the independent
variable.

2.6. Multi-Response Using Desirability Function
Multi-response surface optimization using the

desirability function was analyzed using Minitab
software. The individual response was taken from
previous research [13]. The better scheme was used to
maximize the target, and the objective is max yi(x):

0
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where yi(x) is the desirability value and y™" and y™*
are the experimental values, the lowest and highest
values, respectively. Individual desirability values are
combined into the overall desire function (D) by
calculating the geometric mean:
= nogWi 1/ZWL'

D= ([Tt d;") 3)
where w; is the relative weight of the response, which
reflects differences in significance response.

2.7. High-Resolution Mass Spectrometry (HRMS)
Analysis

The organic extracts of Streptomyces sp. GMR22
were analyzed by Thermo Scientific TM Dionex TM
Ultimate 3000 RSLC nano Ultra-High-Performance
Liquid Chromatography (UHPLC) coupled with the
Thermo Scientific TM Q Exactive TM High-
Resolution Mass Spectrometer. A Hypersil Gold aQ
analytical column (50 mm x 1 mm x 1.9 p m) with a
flow rate of 10 u L/min was used. Solvent A consisted
of water and 0.1% formic acid. In comparison, solvent
B consisted of acetonitrile and 0.1% formic acid with
the total run time of 30 min for full MS at 70,000 Full
Width at Half Maximum (FWHM) Resolution Data
Dependent MS2 at 17,500 FWHM Heated Electrospray
lonization (H-ESI) [14]. Positive compounds were
identified using Thermo Scientific™ Compound
Discoverer Software with m/z cloud database [15].

3. Results and Discussion

The optimization of Streptomyces sp. GMR22
growth on traditional market waste had been studied in
the previous research [23]. In this research, we studied
the effect of substrates on the production of metabolites
that have antifungal activity (hereafter “antifungal
compound™) and its optimization. The inhibition zone
as a response was then studied, and the result generated
a second-order polynomial equation which contains a
predicted response (inhibition zone) Y, independent
variables (ash, protein, fat, and carbohydrates) X1, X2,
X3, and X4, and the quadratic and linear interaction
X12, X13, X14, X23, X24.

The interaction between proximate composition
components is demonstrated by the binomial
coefficient of X12, X22, X32, and X42 which overall
shows a high significance of the response (Table 1).
Linearly, only X1 (ash) has a significant effect on the
production of the antifungal compound. At the same
time, the interaction relationship was shown by the
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significant coefficients on X1X2, X1X4, and X3X4
components with a P-value of 0.05 and an F value of 4.
A conclusion can be drawn from these data that ash
either linearly or quadratically affects antibiotic
production significantly. In contrast, the components of
protein, fat, and carbohydrates do not have a linear
effect. At the same time, the two-way interactions that
affect antibiotic production occurred between ash and
protein, ash and carbohydrates, and fat and
carbohydrates.

Table 1 Analysis of variance (ANOVA) of the regression equation
from Box-Behnken design

Source DF AdjSS AdjMS F-Value P-Value
Model 16  949.589 59.349 52.10 0.000
Blocks 2 5.807 2.903 2.55 0.127
Linear 4 231.406 57.851 50.79 0.000
X1 1 221.442 221442 194.40 0.000
X2 1 0.755 0.755 0.66 0.435
X3 1 0.021 0.021 0.02 0.894
X4 1 0.324 0.324 0.28 0.606
Square 4 600.343 150.086 131.76 0.000
X1* X1 1 481.333  481.333 42256 0.000
X2 * X2 1 8.841 8.841 7.76 0.019
X3*X3 1 96.901 96.901 85.07 0.000
X4 * X4 1 1.333 1.333 117 0.305
2-Way Interaction 6 142.275 23.713 20.82 0.000
X1*X2 1 46.923 46.923 41.19 0.000
X1*X3 1 0.002 0.002 0.00 0.964
X1*X4 1 90.250 90.250 79.23 0.000
X2 *X3 1 0.010 0.010 0.01 0.927
X2 * X4 1 0.250 0.250 0.22 0.649
X3* X4 1 4.840 4.840 4.25 0.066
Error 10 11391 1.139

Total 26 960.980

Notes: P > 0.05 - insignificant difference; P < 0.05 - significant
difference; X1 — ash; X2 — protein; X3 — fat; X4 - carbohydrates

In addition, the predictive rate generated from RSM
antifungal model was also high, demonstrated by the
R-value of 0.9821 (Fig. 1), indicating that the model
could not explain 1.8% of the variations. This RSM
model also shows that each proximate composition
factor can be optimized with the highest desirability
value of 1. This value was achieved from a
combination of 4.55 g ash, 5.50 g protein, 1.61 g fat,
and 41.00 g carbohydrates with the optimum inhibition
zone value of 21.5184 mm, but the observed value was
only 19.80 mm. The waste composition in the
traditional markets changes every day. Meanwhile, the
composition of the regulator has its proximate
composition, so it is difficult to obtain the exact
proximate composition as the optimal prediction so that
the composition can be optimized according to the
closest value.
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Fig. 1 Response surface methodology observed (x-axis) vs.
predicted (y-axis) antifungal activity

In the previous study, carbohydrate and protein
contents were the main factors in the growth of
Streptomyces sp. GMR22 [13]. On the other hand, ash
has a low significance, and fat has no significant effect.
In contrast, interactions between factors that affect the
antifungal compound production have ash as the most
significant factor. The difference in the factors that
affect the RSM growth of Streptomyces sp. GMR22
and the production of antifungal compounds is shown
in the prediction patterns (Fig. 2).
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Fig. 2 Correlation between Streptomyces sp. GMR22 growth and
antifungal activity under the experimental conditions generated by
using response surface methodology

The production of antifungal compounds in
Streptomyces is affected by many factors. Some factors
have the same effect on bacterial growth, but others do
not affect or even have the opposite effect. Based on its
structure, carbohydrates and proteins are important
factors in the production of antifungal compounds;
these factors positively influence the growth of
Streptomyces. In several studies, factors that affect the
production of antifungal compounds contained in ash
(P, K, Ca, S, Cu, Fe, Mn, Zn, Ni, Cr, Pb, and As) do not
affect or contradict their effects on the growth of
Streptomyces [16].

Metal is one of the most crucial factors in the
production of antifungal compounds in several
Streptomyces isolates. Washburn et al. [17] tested
various Streptomyces and found that Mn, Zn, and Fe
have a huge effect on antimicrobial compound
production; several isolates produce antimicrobial
compounds only in the presence of trace metals.
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Copper also shows similar effects. Many genes relating
to copper homeostasis are also required for the
development of antimicrobial compounds [18].

The difference between antimicrobial compound
production and bacterial growth also needs to be
considered in fulfilling the proximate composition in
traditional market waste treatment. Bacterial growth is
indirectly aligned with the decomposition rate of
organic solid waste. At the same time, antifungal
compounds are the final product that can increase the
value of processed traditional market waste. RSM can
be used to determine a new mathematical model that
can predict the peak point between bacterial growth
and antifungal compounds production.

The desire function was added to the RSM to
simultaneously maximize the value of microbial
growth and antifungal activity. Limits (y™" and y"™)
were set for each parameter used to optimize two
responses (Fig. 3). Under optimal waste content with
the range of proximate composition parameters (ash
content [2.5-8 g], protein content [1.5-5.5 g], fat
content [0.5-2.5 g], and carbohydrate content [35-41
g]), the composite desirability is very high until close
to 1.

Fig. 3 Multiple response desirability functions of Streptomyces sp.
GMR22 growth and inhibition zone generated with Minitab
software. D represents the composite desirability value, d is the
individual desirability value, X1 is ash, X2 is protein, X3 is fat, and
X4 is carbohydrates. The black curved line is the value between
low and high, and the straight red line is the optimal value

Desirability values that get closer to 1 indicate that
the function has increased towards the desired target
value and that the process was successfully optimized.
Although the waste used has a minimal level that
causes limited variation in optimization, the resulting
desirability is quite high at 0.8%. This value indicates
desirability was achieved. The results also bring up the
required composition of waste and optimized with
restrictions according to the value of waste and the
predicted results obtained. The results were then
compared with testing the actual results from the final
sample of extracted waste treatment. The results
obtained are not much different from the prediction of
optimization results with an error level that can be
tolerated.

After the fermentation process, proximate analysis

was carried out to evaluate the decomposition process.
The final concentration was 34.91% ash, 22.86%
protein, 0.57% fat, and 41.66% carbohydrates, which
demonstrated significant change compared to the
proximate composition before the SSF process (Fig. 4).
Carbohydrates show a significant decrease while
protein and ash content highly increase. These changes
indicate the fermentation process, and an increase in
the amount of protein is possible because of the
increase in the amount of microorganism biomass
during the fermentation process [19]. The end of the
fermentation process is possible due to a decrease in
carbohydrates and increasing ash concentration.

IIIIIIIiIIIIIIiI"III_

Fig. 4 Proximate composition of the waste mixture before (A) and
after (B) the SSF process; each marked bar is a percentage of each
proximate composition value

High-resolution mass spectrometry (HRMS) data
shows that there are 404 metabolites detected from the
methanol extract, whereas only 157 compounds match
to m/z cloud database. Thirty-one compounds have
more than 90% similarity but have different exact
masses, and 217 compounds have less than 90%
similarity. An HRMS database not found in the m/z
cloud can be searched with the Natural Products
Database with the same mass.

DMSO solvent was not detected in the extract,
while the bioactive compounds with the highest or
dominant peak were antifungal, antibacterial, and anti-
tumor compounds. (5E)-4-methoxy-5-
{methoxy[(2R,3S)-3-phenyl-2-oxiranyl] methylene}-
2(5H)-furanone and oleamide are indicated to have an
antifungal and antibacterial role.

Fig. 5 demonstrates m/z spectra of dominant active
antifungal compound result from untargeted LC-HRMS
where (A) shows (5E)-4-Methoxy-5-
{methoxy[(2R,3S)-3-phenyl-2-oxiranylJmethylene}-
2(5H)-furanone with the exact mass and (B) — oleamide
with the exact mass.

RAWFILE(top): 1451_streptomycesGMR2 (F2) #11387, RT=21.650 min, MS2, FTMS (+), (HCD, DDF. 275.0906@
REFERENCE(bottom): mzCloud library, (5E)-4-Methoxy-5-{methoxy[(2R 35)-3-phenyl-2-oxiranymethylene}-2(5F
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RAWFILE(top): 1451_streptomycesGMR (F1)#14365, RT=27.673 min, MS2, FTMS (+), (HCD, DDF, 282.2783@|
REFERENCE(bottom): mzCloud library, Oleamide, C18 H35 N O, MS2, FTMS, (HCD, 282 .2791@(20:40:50))
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Fig. 5 M/z spectra of dominant active antifungal compound result
from untargeted LC-HRMS. (A) (5E)-4-Methoxy-5-
{methoxy[(2R,3S)-3-phenyl-2-oxiranyl]Jmethylene}-2(5H)-
furanone with the exact mass of 275.09103 and (B) Oleamide with
the exact mass of 282.27902

Intensity [counts] (10*6)

There are several hypotheses regarding the
antifungal mechanism of furanone derivatives: one by
facilitating the penetration of small compounds into
cells by modifying the structure of the cell's wall, and
the other is relating to the ability of furanone
derivatives to interact directly with protein both in vitro
and in vivo [20, 21]. Research conducted by
Sharafudinov also shows that furanone derivatives can
rapidly penetrate fungal biofilms [22]. Oleamide is a
bioactive fatty acid ester with several beneficial effects,
including antifungal and antibacterial activity [23].

The proximate composition that confirms the
decomposition process and HRMS analysis, which
confirm antifungal production, shows that multi-
response optimization optimized waste decomposition,
which is the target of waste treatment and production of
the antifungal compound as a valuable product. Multi-
response optimization using RSM with desirability
function also resulted in balancing the process between
decomposition and  production of antifungal
compounds. In the future, it can be applied to a variety
of applications in waste treatment and the formation of
a bioreactor with a variety of designs input that
requires continuous optimization and prediction of
waste treatment results to run a sustainable process.

4. Conclusion

This research aims to overcome the problem of
traditional market waste, which is generally processed
through composting. The heterogeneous and varied
content of traditional market waste at different times or
place makes it difficult to process them through SSF
with certain target products. A proximate combination
of heterogeneous solid organic waste is a new approach
to overcome the undirected output of the fermentation
process. This approach allows us to combine waste
based on the nutritional content of each mixed waste
and perform optimization with multi-response tools.

5. Limitations and Further Study

This research is limited to the use of traditional
market waste in the province of Yogyakarta, Indonesia.
Meanwhile, Streptomyces sp. GMR22 was used
because of its adaptability and ability to produce

antibiotic compounds that can inhibit the growth of
Fussarium oxysporum. In addition, this research also
did not calculate the economic aspects and the purity of
the bioactive compounds produced.

Streptomyces sp. GMR22 can produce antifungal
compounds effectively against Fussarium oxysporum
under solid-state fermentation with traditional market
waste as a substrate. Response surface methodology
can optimize the composition of waste and determine
strategies for effective waste management in terms of
decomposition and end products for traditional market
waste treatment. In the future, waste treatment in this
research can be used for a wider range of organic waste
and various kinds of microorganisms with various
bioactive compounds.
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