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Abstract

Duckweed is generally only used as an alternative feed
for animals and is less optimized as a source of
additional food for humans. The application of
duckweed, Lemna minor, is still limiting. To optimize
the utilization of L. minor, increasing nutrient content
of L. minor through a fermentation process is
necessary. The objective of this research was to
investigate the effect of fermentation on nutrient
content of the duckweed. L. minor was fermented using
the combination of local isolate: Saccharomyces
cerevisiae and Lactobacillus sp. Variations on the
length of the fermentation time are using ranges of 0, 3
and 7 days for fermentation time. The fermented
samples were then subjected to proximate, pH, color
analysis. Amino acid analysis was performed on the
best treatment.

The results showed that the fermentation process using
the consortium of S. cerevisiae and Lactobacillus sp.
increased the nutritional quality of L. minor which
includes an increase in protein content. The results of
amino acid analysis also showed good results for
fermented L. minor. Hence, fermentation represents an
innovative approach to enhance the protein content
and overall nutritional quality of duckweed.

Keywords: Amino acid, Consortium, Fermentation, Lemna
minor.

Introduction

The incorporation of alternative sources of fishmeal in fish
feed is of utmost significance in contemporary aquaculture
methods. The utilization of alternative sources such as plant
proteins, cereals and other sustainable resources as
alternatives for fishmeal enhances the long-term
sustainability of aquaculture®. These alternatives serve as
environmentally  benign and economically viable
equivalents while simultaneously ensuring the essential
nutritional requirements for the growth of fish!’. By
implementing strategies to decrease dependence on fishmeal
and advocating for the adoption of other sources, the
aquaculture sector has the potential to enhance its
sustainability and environmental stewardship.
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Investigating possible and alternative flour substitutes in fish
feed is a crucial area for augmenting the sustainability of
aquaculture. Fishmeal, a commonly used component in fish
feed, encounters obstacles as a result of its dependence on
the extraction of fish from natural habitats and the
subsequent environmental consequences it entailsl. In
response to these issues, scholars and professionals in the
field of aquaculture are progressively exploring alternate
sources of flour including soybean meal, maize gluten meal
and proteins derived from insects®!3, These efforts aim to
establish a more sustainable and economically feasible
future for the aquaculture sector while simultaneously
addressing the nutritional requirements of farmed fish.

Duckweed, L. minor exhibits considerable promise as a
viable protein alternative for incorporation into animal feed,
specifically within the domains of aquaculture and livestock
production. The aforementioned aquatic plant exhibits rapid
growth, possesses a high nutritional value and may be
cultivated with low resource allocation'®. The product
exhibits a protein composition that is similar to that of
soybeans, rendering it a desirable source of protein.
Nevertheless, a critical element in maximizing the utilization
of duckweed in feed compositions is the fermentation®. This
approach allows for the efficient utilization of this abundant
and sustainable resource, hence promoting ecologically
conscious and economically feasible agricultural methods.
The objective of this study is to assess the influence of
fermentation on the proximate content and amino acid
composition.

Material and Methods

Materials: L. minor used in this study was obtained directly
from Sumber Gentong pond, Malang. L. minor was then
washed thoroughly. After washing, it was dried in the sun
for 3-4 days. After completing the drying process, the
sample was pulverized using a grinder to a size of 60 mesh?©.
Lactobacillus sp. is obtained from stock bacteria stored
using glycerol which is then propagated on MRSA media.
Lactobacillus sp. is a pure culture from Lab. Food
Microbiology, Faculty of Fisheries and Marine Science,
Brawijaya University. Saccharomyces cerevisiae was
obtained from instant yeast which was then cultured on PDA
(Potato Dextrose Agar) media.

Preparation of the starters: S. cerevisiae culture at a
density of 1.5x108 spores and Lactobacillus sp. at 1x108
CFU/ml at 2 ml were used for each treatment, S and L,
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respectively. Mixed inoculum was obtained by mixing S.
cerevisiae culture with Lactobacillus sp. in a ratio of 1:1 for
each inoculum. 0.5 ml was mixed with 0.5 ml Lactobacillus
sp. which has a density of 1x108. The mixture treatment
(SL) refers to the modified method of Pinandoyo et al®.

Fermentation: The fermentation process of L. minor was
carried out following the method of Mayangsari'?.
Duckweed was sterilized first. Next, 30 g each was weighed
and put into 4 different beaker glasses. Four different
treatments were applied to this study, namely control
treatment, treatment with the addition of S. cerevisiae (S),
treatment with the addition of Lactobacillus sp. (L) and
treatment with the mixing of both (S. cerevisiae +
Lactobacillus sp.) (SL). The proportion of inoculum and
molasses was done by mixing the solution that already
contained the solution and molasses with a ratio of 1:1. Now
put into a standing pouch with pH 4.5 - 5 and store in a
steroform with room temperature of 30 C with different
lengths of time, namely 0, 3, 7 days. Samples were taken on
days 0, 3 and 7. Then to stop the fermentation process, the
inactivation process is carried out.

Proximate analysis: Standard analytical procedures were
used for the proximate analysis which involved dividing the
samples into six groups based on their chemical properties:
moisture content, crude protein (kjedahl protein), crude
lipids.

Amino acid analysis: The sample was weighed to a mass of
0.1 g and placed in a test tube that was sealed. Subsequently,
5 ml of 6 N hydrochloric acid (HCI) was added to the test
tube followed by vortexing. The sample is purged with
nitrogen gas. Subsequently, the tube housing the specimen
was introduced into a laboratory oven set at a temperature of
110°C and left undisturbed for a duration of 22 hours. After
the process of cooling, the substance was afterwards put into
a volumetric flask with a capacity of 50 ml. dH»O was then
poured to the flask until it reached the designated limit mark.
The material underwent filtration using a filter membrane
with a pore size of 0.45 pm. A volume of 500 pl of the filtrate
was pipetted, followed by the addition of 40 ul of AABA and
460 pl of dH20. A volume of 10 pl of solution was carefully
transferred using a pipette, followed by the addition of 70 pl
of AccQ-Fluor borate. The resulting mixture was then
subjected to vortexing. Subsequently, a volume of 20 pl of
fluorine reagent A was introduced to the mixture and
agitated using a vortex mixer.

The resulting solution was then allowed to incubate for a
duration of 1 minute. The sample should be subjected to
incubation at a temperature of 550°C for a duration of 10
minutes. The HPLC column received an injection of 5 ul of
sample solution as reported by Istigamah® and Rutherfurd
and Dunn?,

Statistical analysis: The data were expressed as means +
standard deviation (SD) and all experiments were run at least
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three times. The statistical software, SPSS 17.0, was used to
perform the analyses. Duncan's test found a significant
difference at P < 0.05.

Results and Discussion

The results of proximate tests (protein, lipid and moisture)
in this study are presented in table 1. Protein continues to
increase during the fermentation process. The highest
protein content was obtained in the L treatment with a
fermentation time of seven days with a value of 15.91%.
This protein increase also occurred in all treatment. The
same results were also obtained in lipid content. The highest
lipid content was obtained from the L treatment. At the end
of fermentation, the lipid content increased from 1.74% to
2.16 % on the seventh day. This indicates that the
fermentation process will significantly increase the lipid
content of the material.

Meanwhile, the moisture indicator produces the opposite
value. The longer is the fermentation process, the lower is
the moisture content in the material. In addition to the
control treatment, the lowest decrease in moisture content
was found in Duckweed samples with L fermentation
treatment. This shows that the longer is the fermentation
process, the smaller will the moisture.

Multiple studies have demonstrated the efficacy of
fermentation in augmenting the protein content of
duckweed. For instance, research conducted by Shen et al??
showed that fermentation with beneficial microorganisms
significantly increased the protein content of duckweed.
During fermentation, these microorganisms break down
complex compounds in duckweed such as cellulose and
starch, making the protein more bioavailable and easier for
the body to digest'>. This not only ensures a higher
absorption of protein but also reduces the presence of anti-
nutritional factors that can hinder nutrient absorption®. These
findings emphasize the potential of fermentation as a
sustainable and efficient means to enhance the protein
content and overall nutritional value.

Color analysis: The highest lightness value was obtained in
the early days of fermentation. At the beginning of the
fermentation process, the lightness value ranged from 37.39
to 39.72. But after the fermentation process on day seven,
the lightness value ranged from 37.10 to 40.64. The decrease
in lightness value was observed on the S and SL treatments.
While for the control treatment, there is a tendency to
increase although not significant. The results of the analysis
are shown in table 2.

Fermentation can alter the color of fermented duckweed due
to various biochemical and enzymatic processes that occur
during this microbial transformation®. The color changes
observed in fermented duckweed are often attributed to
factors such as the breakdown of pigments, formation of new
compounds and microbial activities. During fermentation,
enzymatic reactions can lead to the degradation of pigments
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present in duckweed’?°. For example, chlorophyll, the green
pigment responsible for photosynthesis in plants, can
undergo degradation into colorless or differently colored
compounds under the influence of enzymes produced by
fermenting microorganisms®.

Amino acid analysis: Amino acid analysis was only
performed on duckweed samples that showed the highest
protein change. Samples fermented with Lactobacillus sp.
(L) were then subjected to amino acid analysis. The results
of the analysis are shown in table 3.
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The amount of essential chained amino acids has a high
value. Essential amino acids such as L-lysine, L-alanine, I-
leucine and L-isoleucine have a value of 3413.345+4.46,
4618.96+10.17, 6035.015+2.11 and 3661.81+11.17
respectively. Fermentation can lead to the synthesis and
additional amino acid profile.

Furthermore, fermentation process can reduce the levels of
anti-nutrients like phytic acid which can inhibit the
absorption of key minerals®>?t. This not only makes
fermented duckweed a more robust source of protein but
also a more nutritionally complete food source®?2,

Table 1
The results of proximate, protein, lipid, moisture (%) on the different duration of fermentation.
Treatment 0 day 3 days 7 days
protein | lipid | moisture | protein | lipid | moisture | protein | lipid | moisture
C 1293 | 1.59 57.19 14.52 1.76 53.56 15.67 | 2.02 47.74
S 1428 | 1.84 54.05 15.46 1.53 51.45 1552 | 1.89 50.89
L 1311 | 1.74 58.92 15.35 2.00 52.17 1591 | 2.16 48.03
SL 13.87 | 1.84 58.51 16.14 2.22 50.03 15.62 | 1.99 56.23
Table 2
Color analysis result of fermented Duckweed (Lemna minor).
Duration _of Color indicator Treatment
Fermentation C S L SL
L* 39.72 39.02 37.39 39.20
0 day a* -3.48 -2.67 -4.77 -3.56
b 9.93 8.28 7.25 6.44
L* 38.22 40.10 38.40 38.57
3 days a* -4.59 -5.14 -4.97 -4.49
b 9.15 7.13 7.81 7.94
L* 40.64 37.28 38.34 37.10
7 days a* -5.38 -2.65 -4.44 -3.67
b 7.04 7.15 6.70 6.96
Table 3
The amino acid profile of Lemna minor.
Amino acid Content (mg/kg)
L-Serine 3426.26+21.84
L-Glutamic acid 7746.19545.35
L-Phenylalanine 4190.185+23.93
L-Isoleucine 3661.81+11.17
L-Valine 4338.21+13.56
L-Alanine 4618.96+10.17
L-Arginine 3646.565+31.05
Glycine 4602.34+11.37
L-Lysine 3413.345+4.46
L-Aspartic acid 5892.57+1.31
L-Leucine 6035.015+2.11
L-Tyrosine 1839.935+3.76
L-Proline 2972.84+2.67
L-Threonine 4044.,1145.21
L-Histidine 1312.18+3.65
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Fermentation can enrich duckweed with essential vitamins
such as B vitamins and can reduce anti-nutrients like phytic
acid which can inhibit the absorption of key minerals. This
not only makes fermented duckweed a richer source of
protein but also a more nutritionally comprehensive food
source®, Fermented duckweed stands as a promising
solution that aligns with the growing interest in alternative
protein  sources'®?,  Furthermore, the benefits of
fermentation extend beyond protein content enhancement.
Fermentation can contribute to an overall improvement in
duckweed's nutritional quality by increasing the
bioavailability of essential nutrients like vitamins, minerals
and amino acid.

Conclusion

Fermentation increases the protein content of the fermented
duckweed (L. minor). Furthermore, the favorable amino acid
profile was also obtained. Hence, fermentation represents an
innovative approach to enhance the protein content and
overall nutritional quality of duckweed.
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