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ABSTRACT

This research aimed to find out the effects of molasses level addition as soluble carbohydrate sources and
incubation time towards in vitro digestibility of fermented protein feed. The treatments given to the fermented
protein concentrate were the level of molasses of 0, 2, and 4% and an incubation time of 0, 7, and 14 days. The
treatments had three times replication. All the concentrate fermented by lactic acid bacteria, tempeh starter, and
ethanol-fermentation starter. The fermentations were incubated at room temperature anaerobically. The best
result of fermentation analyzed for Tilley and Terry in vitro digestibility. Therefore, the parameters observed
were chemical composition, the digestibility value of the dry matter, organic matter, crude protein, and crude
fiber. Chemical composition data analyzed by a completely randomized factorial design. In vitro digestibility
data obtained analyzed by one-way design. The results obtained were significantly different due to the treatment
then tested by Duncan Multiple Range Test (DMRT). The results showed that fermented protein concentrate
which incubated within seven days with the use of 0, 2 and 4% molasses has the best value on chemical
composition, then the fermentation was checked for it is in vitro digestibility. The result suggested that use of
molasses were significantly (P<0.05) affected the digestibility of dry and organic matter but were not
significantly (P>0.05) affected the digestibility of crude protein and crude fiber.
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1. INTRODUCTION

The feed is livestock’s primer source to maintain substances contained in feed ingredients by

daily needs and productivity. Nevertheless, basal
feed somehow cannot guarantee the fulfillment of
microelements in the form of minerals, vitamins,
and amino acids. Feed quality can be increased by
combining some feed ingredients or adding feed
supplements—it usually contains high carbohydrate
and protein content—to reach optimal productivity.

Further treatment towards feed ingredients, such
as the fermentation process, will also improve the
quality of feed. Fermentation is an aerobic and
anaerobic microbial activity which able to simplify
the complex compounds then may convert low into
high biological and economic values materials. The
fermentation process of feed ingredients by
microbes causes beneficial changes such as
improving the quality of feed ingredients both from
the nutritional and digestive aspects as well as
increasing its shelf life due to a decrease in pH and
production of organic compounds [1].

Fermentation can increase the digestibility of
feed ingredients through the simplification of

enzymes produced by microbes; therefore, the
nutrient absorption in the digestive tract will be
increased [2]. Fermentation can also enhance
nutrients due to the production of fermented
products or due to the development of microbes in
the fermentation medium, causing the increase of
microbial biomass [3]. Then, this process needs to
be supported by adding nutrients to the
fermentation media to support and stimulate
microbial growth.

Fermentation is affected by microbial activity,
pH value, temperature, water content, substrate
content, and incubation time [4]. Fishery waste in
the form of fish head and agricultural waste in the
form of molasses can be used in the preparation of
feed supplements. Molasses act as a soluble
carbohydrate and provide carbon source in
microbial cell formation. The length of incubation
also determines the fermentation product, so it is
necessary to know the right time to harvest
fermented products.
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Thus, molasses addition as much as 0, 2 and 4%
and 0, 7 and 14 days incubation were given as
treatment in making high protein feeds in form of
fermented concentrate. Based on these variation, it
was suggested to get the best composition of
fermented concentrate which can be useful as a new
feed stuff which contain high level of protein as
well as high digestibility to ruminant.

2. MATERIAL AND METHOD

This research is conducted at the Laboratory of
Nutrition Biochemistry, Department of Animal
Nutrition and Food, Faculty of Animal Husbandry,
Universitas Gadjah Mada. The variable consisted of
the proximate analysis of feed components and in
vitro digestibility. The tools used were in vitro
tubes, water bath, thermometer, thermos, CO, gas,
and analytical scales. The materials used were corn
flour, soybean meal, fish meal, water, molasses,
and starter of lactic acid bacteria, tempeh yeast, and
ethanol-fermentation starter.
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2.1. Fermentation of Concentrate

The fermented protein concentrate consists of three
types of feed ingredients: fish waste flour,
Distiller's Dried Grains with Soluble (DDGS), and
soybean meal. There were three treatments with
different concentrations of molasses added namely
treatment I with no addition of molasses, treatment
II with the addition of 2% of molasses, and
treatment III with the addition of 4% of molasses.
The concentrate mixture was steamed for 30
minutes at 99°C, after being moderated, then
inoculated with 50 g lactic acid bacteria (LAB), 50
g tempeh starter, and 50 g ethanol-fermentation
starter. The microbial starter had colony number as
many as 3.05 x 10° CFU/ml of LAB, 2.9 x 10°
CFU/ml of tempeh starter, and 2 x 10 CFU/ml of
ethanol-fermentation starter. The feed mixture was
stored in airtight plastic and incubated at room
temperature for 0, 7 and 14 days — the
composition of fermented protein concentrate
displayed in Table 1.

Table 1. Fermented feed concentrate formulation

Feedstuff | Trea:rlnent i
Fish waste flour (kg) 0.5 0.5 0.5
Soy bean meal (kg) 0.5 0.5 0.5
DDGS (kg) 2 2 2
Water (ml) 1450 1430 1400
Molasses (ml) 0 90 180

The fermented protein concentrates were kept in
plastic bags that were heat resistant, thick, and
transparent. Each treatment replicated six times.
The fermented protein concentrates were incubated
for 0, 7 and 14 days at room temperature. The
nutrient contents checked with samples which had
been dried in a dry oven at 55°C then analyzed with
the proximate method [5] including dry matter,
organic matter, crude protein, crude fiber, and ether
extract. The results of the proximate analysis used
as the basis for selecting the best-fermented protein
concentrate which then tested for in vitro
digestibility which includes digestibility of dry
matter, organic matter, crude protein, and crude
fiber.

2.2. InVitro Digestibility Test

In vitro digestibility examined by Tilley and Terry
method using sample preparation, medium
preparation, and preparation of rumen fluid. In vitro
digestibility tests consisted of two stages that
reflected digestibility in the rumen and post-rumen.
The stages carried out in a tube that has been filled
with one part of the rumen fluid and four parts of
artificial saliva or a buffer solution that combined

and functioned as an artificial rumen. The digestion
process in the artificial rumen lasted for 48 hours,
then collected; meanwhile, the second stage was the
digestive process after the rumen lasted for 96
hours, then collected. In vitro residues were then
tested for proximate analysis of its dry matter,
organic matter, crude protein, and crude fiber.

2.3. Data Analysis

Data obtained were chemical composition and in
vitro digestibility. Chemical composition data
analyzed by variance analysis with a completely
randomized design of factorial pattern. Dry matter,
organic matter, crude protein, and crude fiber data
from the best-fermented protein concentrate
digestibility were analyzed by one way ANOVA, if
the results of the variance analysis had a significant
effect on one variable, then the analysis continued
with Duncan's New Multiple Range Test (DMRT)
test.
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3. RESULT AND DISCUSSION

3.1. Chemical Composition of Fermented Protein
Concentrates
The results of fermented protein concentrates were
tested for nutrient composition, including dry
matter, organic matter, crude protein, crude fat, and
crude fiber. Fermentation can reduce dry feed
matter as the result of microbial activity. Microbes
can break down complex nutrient to the simpler one
made it easy to be digested by livestock. However,
many nutrients wasted in the form of CO; and NHj3
and water. The decreased dry matter will perform
impact on decreasing organic matter. The decreased
dry matter content in feed ingredients was due to
nutrients break down by fungi, which produced
metabolites during substrate hydrolysis [6].

Based on the data in Table 2, it is known that
the content of dry matter and organic matter
between fermented proteins concentrates with an
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incubation time of 7 days and 14 days did not differ
significantly (P> 0.05). It means that the duration of
fermentation can maintain the levels of dry matter
and fermented protein concentrate organic matter.
Decreasing the dry matter of fermented material is
influenced by respiration and fermentation.
Respiration will cause a lot of nutrient content to
decompose by fungi so that reduce dry matter,
while fermentation will produce lactic acid and
water [7]. Therefore, respiration occurred in the
early days of fermentation so that nutrient is broken
down and impacted on reducing dry matter and
organic matter which is inevitable, but then the
fermentation process occurred and can maintain the
composition of dry matter and organic matter until
the 14th day.

The chemical composition of fermented protein
concentrates with the addition of molasses as
soluble carbohydrates sources and incubation time
can be seen in Table 2.

Table 2. Effect of the addition of molasses as a source of soluble carbohydrates sources at different levels and
incubation time to the chemical composition of fermented protein concentrates

Nutrient Incubation Level of molasses (%)
components time (days) 0 2 4 Average
0 56.768 + 1.838 58.220 + 1.720 58.499 + 0.714 57.829P
Dry matter (%) 7 48.094 + 1.542 50.833 £ 0.410 52.998 + 1.866 50.6422
14 50.380 + 3.720 50.488 + 0.185 51.025 +2.179 50.6312
Average 51.747? 53.180% 54.174°
0 79.897 + 1.275 80.257 + 0.238 80.025 + 1.838 80.059°
Organic matter 7 76.268 + 1.610 77.384 + 0.860 77.941 + 2.098 77.198%
(%DM) 14 77.800 £ 2.023 77.364 +£1.573 76.596 + 2.455 77.2542
Average "™ 77.988 78.187 78.335
0 49.084 +1.582 45.331 £ 1.097 45.698 + 0.629 46.7042
Crude protein 7 76.429 + 1.818 61.373 + 1.637 47.834 £1.919 61.879°
(%DM) 14 64.110 + 5.479 51.060 + 1.437 43.985 + 2.308 53.052°
Average 63.2082 52.588" 45.839°
0 4.401 + 0.440 4.735+0.110 4.622 +0.232 4.5862
Extract ether 7 7.227 +0.397 4910+ 0.420 5.680 + 0.474 5.939¢
(%DM) 14 4.847 +0.421 5.777 +0.422 4.974 + 0.484 5.199°
Average "™ 5.492 5.141 5.092
0 10.678 + 0.834 9.911 +0.726 9.245 +0.413 9.94492
Crude fiber 7 12.669 + 0.279 11.330 + 0.286 10.338 £ 0.739 11.446°
(%DM) 14 13.503 +1.083 11.565 + 0.325 10.306 + 0.571 11.792°
Average 12.283°¢ 10.935° 9.9632

a.b.¢ Different superscripts on the same row or column show significantly different (P <0.05)

"sNon significant

Organic matter includes crude protein, crude
fiber, and crude fat. Proteins in feed ingredients are
generally proteins from plant and with
fermentation, it will be converted into microbial
proteins. Crude protein was increased from the

incubation time of 0 to 7 days. Crude protein of
fermented protein concentrate increased due to the
activity of microbes and the addition of proteins
found in microbial cells themselves. An increase in
crude protein content in fermentation occurs
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because of the results of hydrolysis of starch to
sugar as long as the fungi degrade and dissolve the
substrate used by fungi as a source of carbohydrates
to synthesize fungi biomass which is rich in protein
[8].

Based on the results, the crude protein content
in the fermented protein concentrate increased on
seven days incubation then decreased on the 14
days incubation. It happens due to more prolonged
incubation, which can cause more feed nutrients to
be degraded and used to suffice microbial needs.
Crude protein content during incubation will
undergo a decline due to microbial activity [8].
Proteolysis clostridia will ferment amino acids into
various products, including ammonia, amines, and
volatile organic acids [9].

Another organic component is crude fiber.
Based on the data in Table 2, the longer the
incubation will increase the crude fiber, but the
higher the addition of molasses will lower the crude
fiber. Another study explained for 0 to 50 hours of
tempeh fermentation, the growth of Rhizopus sp.
continued to increase by producing mycelia on the

Table 3. Effect of different addition of molasses as
a source of soluble carbohydrate source towards
digestibility of 7 days incubation fermented protein

concentrate.

Nutrient Level of molasses (%)
components 0 2 4
Dry matter 83.0832 + 81.9376 + 89.1369 +
(%) 1.50449°  4.39586*  0.53843"
Organic 80.8070 = 80.7192 + 88.1863 +
matter 1.50937¢  5.67106*  0.14141°
(%DM)

Crude 58.0169 = 44.7651 £ 50.6221 +
protein 6.61276 6.29237 5.14009
(Y%eDM)"s

Crude fiber 32.8155 £ 38.6001 + 36.3287 +
(%DM)™ 2.96221 2.96221 5.74598

& ® Different superscripts on the same row show
significantly different (P <0.05)
"sNon significant

Dry matter digestibility is one indicator to
determine feed quality. The higher the digestibility
of dry matter, the higher the chance of nutrients that
can be utilized by livestock for the growth of
ruminants and microbes in the rumen. The addition
of molasses to dry matter digestibility of 7 days
incubation fermented concentrate was significantly
different (P<0.05). The average dry matter
digestibility between the addition of 0 and 2%
molasses was not significantly different, but the
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surface of the soybean seeds which were
increasingly thick and formed a more compact mass
of tempeh. Increased number of mycelia formed by
Rhizopus sp. during the process of tempeh
fermentation indicates an increase in the content of
tempeh crude fiber [10].

3.2. In Vitro Digestibility of Fermented Protein
Concentrates

Based on the proximate analysis, it was found that
the concentrates incubated within 7 days were
better than the concentrates incubated for 0 and 14
days. The dry matter content of 7 and 14 days
fermented concentrate had relatively the same level
which was also higher than 0 day incubation.
However, according to its crude protein, 7 days
fermented concentrate had higher level than the 14
days. Thus, based on these data, fermented protein
concentrates which incubated for seven days were
tested to find out the effect of molasses addition as
soluble carbohydrates source towards its
digestibility

addition of 4% molasses was significantly different.
The highest dry matter digestibility was also found
in the concentrate with the addition of 4%
molasses.

Microbes added in fermentation processes such
as R. oligosporus, S. cerevisiae, and lactic acid
bacteria played a significant role in producing
extracellular enzymes. These enzymes help in
degrading organic materials such as carbohydrates,
fats, and proteins to increase organic matter
digestibility, which then also increases dry matter
digestibility. The presence of soluble carbohydrate
sources in the form of molasses allows the higher
and rapid growth of microbes, so the production of
extracellular enzymes that degrade dry matter also
increases. Besides, S. cerevisiae is known for its
ability to bind or utilize oxygen so that it will create
an anaerobic atmosphere faster in the rumen [11].
In a faster anaerobic atmosphere, microbial growth
increases, especially cellulolytic bacteria, then it
may affect the degradation of crude fiber and in
turn, increases the digestibility of ration dry matter
[12].

Along with dry matter digestibility, fermented
concentrates have higher digestibility compared to
non-fermented concentrates. Fermented
concentrates contain organic matter, which is easily
digested compared to non-fermented concentrates
[12]. There was no significant difference (P> 0.05)
of crude protein digestibility at all levels of
molasses. The highest digestibility rate is found in
fermented protein concentrates without the addition
of molasses. It may occur due to the presence of
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fungi which are thought to be R. oligosporus which
presented in concentrated samples with 0%
molasses. Rhizopus oligosporus produces protease
enzymes with high proteolysis activity as in the
fermentation of tempeh production and does not
produce toxin [13].

Rhizopus sp is a fungus that can produce
protease enzymes. The protease enzyme can
catalyze the hydrolysis of peptide bonds into short
oligopeptides and free amino acids. These free
peptides and amino acids are more easily absorbed
by the body compared to long-chain proteins. Some
peptides are also bioactive, which can improve
animal health because it functions as antimicrobial,
anti-inflammatory, and immunomodulatory agents
[14].

The advantages of fermented protein
concentrate are from the addition of the R.
oligosporus. Fungi wuse nutrients from the
concentrate to support their growth. Furthermore,
the fungus multiplies to form spores, which will
cover a portion of the concentrated particles. It
allows the bond between chitin to form the fungal
cell wall with the protein in the concentrate, thus
causing the protein to be challenging to break down
by the rumen microbes.

Chitin substances in nature are generally not
free but are bound to proteins and minerals. It
causes the content of organic matter, especially
protein in fermented concentrates to be resistant to
microbial degradation in the rumen, but can be
digested enzymatically in the post rumen, because
chitin can only dissolve in concentrated mineral
acids such as HCI [15].

Crude fiber digestibility in all three level
molasses addition treatments was not significantly
different (P> 0.05). The highest crude fiber
digestibility rate of fermented protein is in the
concentrate with 2% molasses. The digestibility of
crude fiber with 2 and 4% of molasses increased
compared to concentrates without the addition of
molasses. It is due to the increase in the number of
microbes that can produce cellulase enzymes to
degrade crude fiber.

4. CONCLUSION

Fermented protein concentrates shown to have
higher digestibility than non-fermented
concentrates. The importance of using concentrates
in rations is to meet nutrient intake for livestock.
Fermented protein concentrate provide easily
digested nutrients than non-fermented concentrates
because it has been simplified by the activity of
microbes.
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