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ABSTRACT

Learning in the 21st century demands the increasing of students' creativity in solving problems in
the environment. Creating products of economic value by applying the socio-scientific issue (SSI)
learning approach can be applied in learning about biotechnology at the high school level. This
study aimed to design a learning resource for teaching biotechnology which promoting the issue of
SSI and nurturing the entrepreneurship of the student as well. Indonesia has the potential to
develop native chicken farming to increase the economy status and people's income, but the
productivity of native chickens is still low. To solve the problem, an organic feed based on rice bran
and papaya leaves which have high nutritional content were introduced as one of the projects
which can be run by high school students. To find the potential of papaya leaves and rice bran, a
literature review had been done. The results shows that papaya leaves are rich in protease enzymes
so that they can increase the digestibility of amino acids in chickens. Bran contains phytic acid as an
antinutrient. The smell of ammonia cannot be separated from the problem of livestock. Production
of feed from the fermentation of bacteria Bacillus subtilis and Lactobacillus bulgaricus can add
phytase enzymes to increase nutrient absorption to accelerate the increase in chicken weight.
Fermented feed is also able to inhibit bacteria that break down protein into ammonia so that the
smell of feces disappears. Based on these findings, the learning activities for understanding the
concepts of biotechnology is need to be further designed.
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Introduction

Indonesia has targeted economic independence in 2015-2085 (Ministry of Education and
Culture, 2017). One of the efforts to achieve the target is by realizing the fulfillment of the
needs of young Human Resources (HR) who have an identity as quality entrepreneurs. This
need is based on Kominfo data (2017) where the percentage of unemployment in Indonesia is
only 3.1% below Singapore (7%), Malaysia (5%), Thailand (4.5%), Vietnam (3.3%), Japan
(10%), China (10%), and South America (12%). The ability of students to become young
entrepreneurs must be prepared from an early age to meet these needs in facing various
challenges in the future. This is also in accordance with the direction of the Ministry of
Research, Technology and Higher Education (2015) which stated that the younger generation
must be able to change the paradigm of job seekers to become job creators.

Biology learning in the 21st century demands a learning direction that creates an
active, critical, analytical, and creative learning atmosphere in solving a problem
(Sudarisman, 2015). Parmin et al., (2015) also stated that the concept of learning biology can
essentially link the concept of science with knowledge about the student's environment. It's
just that the facts on the ground show that most students have not been able to connect their
knowledge to solve problems that exist in their environment (Colucci-Gray & Fraser, 2012).
The learning process should be able to create meaning in learning (meaning making) by
connecting the student learning process with the environment as a source of finding various
kinds of problems (Sadler, 2009).

One way that students can be trained to apply aspects of creativity, be able to carry
out various problem-solving innovations in biology learning and be able to create products
of economic value is to apply a socio-scientific issues (SSI) learning approach, one of which is
biotechnology learning at the secondary school level. Upper (high school). SSI is an issue or
problem between scientific knowledge (including biology) and social awareness that creates
mental conflicts so that a decision is needed to resolve the problem (Sadler, 2004).
Biotechnology is one of the Basic Competencies (KD) of biology subjects in class XII SMA
with the demands of the cognitive aspect in the form of "Analyzing the principles of
biotechnology and its application as an effort to improve human welfare" and the skill aspect
in the form of "Presenting reports on experimental results of applying conventional
biotechnology principles. based on the scientific method". The application of biotechnology
learning using the SSI approach allows students to practice making biological products that
have economic value as a form of solving problems in the environment using the knowledge
and biological concepts they already have. In this study, the issue of SSI was focused on how
to develop food for native chickens using the indigenous technology, and local sources, i.e.
Papaya leaves and rice bran.

Breeders in Indonesia have the potential to develop native chicken farming business
because it can increase the economy and people's income. Some people in Indonesia have
raised native chickens extensively (traditionally), group scale, or large scale independently
(Nataamijaya, 2010). Free-range chicken farming is increasingly in demand by the
community because it is easy to adapt to environmental conditions, has a high level of
resistance to disease, has high nutritional content, and can be sold at high prices (Anggraini,
2019). The market demand for free-range chicken always increases in line with the rate of
population growth (BPS, 2020). BPS data (2020) also shows that the consumption of free-
range chicken increases from year to year.

Increased consumption of native chicken meat requires an increase in its supply. It's
just that BPS data (2020) shows that the productivity of native chicken meat is still relatively
low compared to other types of layer and broiler chickens. Nataamijaya (2010) said that the
cause of the low productivity of native chickens is extensive (traditional) rearing of chickens,
and in terms of feeding only grass, rice, or leftover vegetables. The impact is that the energy
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needs are not met, and the growth of chicken weight is slow. The results of the study also
said that the activity of raising livestock was never separated from the problem of the
pungent smell of feces (Sarwani et al., 2020). This results in livestock activities being less
favored by the surrounding community.

Increasing the productivity of native chickens is needed to meet the increasing needs.
On the other hand, there is a tendency for people to improve the quality of healthy life with
the increasing back to nature movement (Novandari, 2011). Based on this, the business of
making organic free-range chicken feed is a prospective business to be developed because it
will help solve the problem of free-range chicken productivity while at the same time
increasing the family economy.

Methods

This study used the literature review (LR) method to get information about the potential to
develop a native chicken organic feed, which will be applied as project-based activities in the
topic of biotechnology at high school. The literature used were research articles published in
the scientific journals, official web data sources, and books. A literature review method that
reveals, assesses, and interprets findings on a previous research topic, to answer
predetermined research questions. The research questions are what are the ingredients of
papaya leaves and rice bran which are potential as chicken feed? what the role of probiotics,
as one of biotechnology issues should be considered in chicken feed? what are the
mechanism of bacteria on reducing the ammonia odor of chicken stool? what are the role of
protease an phytase enzyme on chicken development? and what are the potential of
fermented native chicken feed as bio entrepreneur product?

Results and Discussion

Chicken farms with intensive systems that in fact use antibiotics in feed, use disinfectants
that are not environmentally friendly, use synthetic drugs and so on that can have a negative
impact on human health and trigger various diseases make chicken consumers restless.
Currently, consumers have been thinking about the negative impact of consuming chicken
products produced by intensive cultivation using inorganic feed. Supported by global issues
regarding animal welfare, back to nature and other additives in food that can interfere with
human health, consumers are more careful in choosing food quality (Abbas, 2011). Therefore,
the existence of an organic chicken farm will meet consumer needs regarding food quality
and overcome the negative impact of consuming intensively farmed chicken products using
inorganic feed. Organic chicken is supported by the provision of quality feed, such as the
manufacture of organic-based feed with the addition of probiotics that can improve feed
quality (Nurhapsa et al., 2017).

Rice Bran and Papaya Leaves as Raw Materials for Organic Native Chicken Feed

Supartini & Fitasari (2011) stated that rice bran can improve the nutritional quality of
native chickens because it is rich in carbohydrates, crude protein, and crude fiber. The
nutrients in rice bran can be used to support the growth of livestock so that it can increase
the body weight of chickens. Rice bran is also one of the useful rice wastes because it
contains most of the endosperm so that it can be used as animal feed.

Papaya leaves contain proteolytic enzymes, papain enzymes, saponins, glycosides,
sucrose, and dextrose which can be used to improve the digestive process of poultry (Hartini
& Mursyida, 2019). Yadava et al., 1990 also stated that the content of papaya leaves is mostly
in the form of proteolytic enzymes which include papain enzymes, chymopapain A and B,

BIOEDUKASI: Jurnal Pendidikan Biologi | 115



BIOEDUKASI: JPB Vol. 14(2) 2021 | 113 - 121

and papaya peptidase. Papain enzyme which is owned by papaya leaves can function as a
compound that facilitates the digestive process, for example the breakdown of protein which
greatly determines the growth rate of poultry (Santoso & Fenita, 2015). (Hartini & Mursyida,
2019) also mentioned that papaya leaves are rich in protein, proteolytic enzymes and papain,
which can improve the digestive process of poultry. Papaya leaves are good for use as feed
because they can improve poultry health, appetite, and egg yolk color (Muharlien &
Nurgiartiningsih, 2015).

The use of bran and papaya leaves is very good to be used as an alternative to the use
of local raw materials in the manufacture of animal feed because they are organic-based
which has a lot of content to support increased productivity of native chickens. It's just that
the use of animal feed directly, especially on bran will have a bad impact because it still
contains a lot of phytic acid as an anti-nutritional factor (Rochmawati et al., 2016). Yanuarto
et al., (2016) mention anti-nutrients are substances that can directly or indirectly interfere
with the health of livestock, one of which is the level of nutrient digestibility in animals.
Sajidan et al., (2004) mentioned the presence of anti-nutritional substances in livestock can
reduce nutrient intake and absorption. Akande (2010) also mentions that the presence of
these anti-nutritional substances can make livestock experience health problems and various
other negative side effects. These antinutrients can bind to magnesium (Mg), calcium (Ca),
sodium (Na), iron (Fe), zinc (Zn), potassium (K) and in some cases are also chelates on
proteins and carbohydrates. ., (2000). Therefore, anti-nutritional substances in animal feed
can reduce the productivity of native chickens.

Efforts that can be made to optimize rice bran and papaya leaves as quality organic
animal feed are by using the bacteria Bacillus subtilis and Laactobacillus bulgaricus as
probiotic ingredients that are processed through a fermentation process. The existence of a
fermentation process using both bacteria can increase the nutritional content of the feed and
solve the phytic acid in the bran (Supartini & Fitasari, 2011). A mixture of rice bran and
papaya leaves with the addition of probiotics is combined to improve protein digestion and
also eliminate the smell of ammonia in native chickens.

The Role of Probiotics in the Making of Free-range Chicken Feed

WHO (2001) in Purkan et al., (2017) states that probiotics in certain doses have many
benefits in the health sector. This also applies to the livestock sector (Kompiang, 2009). Fuller
(1989) states that probiotics are derived from live bacteria and are beneficial animal feed
supplements. The activity of probiotics in the digestion of livestock can make the balance of
microflora in the intestines increase due to the presence of beneficial microbes that push
pathogenic microbes out of the digestive tract. Fuller (1992) also states that the effectiveness
of probiotic activity depends on the ability to survive in certain environmental conditions
and in certain packaging. Riza et al., (2015) stated that probiotics that can survive for a long
time and are packaged into industrial scale in field conditions are effective probiotics to use.
The criteria for bacteria as probiotics are said to be beneficial according to Widiyaningsih
(2011) including being able to carry out the process of fermenting oligosaccharide sugar
groups quickly, replicating so that they can produce many colonies, surviving in an acidic
environment in the digestive tract, being stable during fermentation, and having a positive
effect on the host so that profitable. Various kinds of probiotics including fungi and bacteria.
Bacteria are included in living things that have the highest probiotic properties (Raja &
Arunachalam, 2011). Bacteria that are widely known and have been marketed for example
from the Lactobacillus sp and Bacillus sp.
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The Mechanism of Bacterial Action in Reducing Ammonia Odor in Chicken Stool

Charles (1991) stated that ammonia is a gas resulting from the activity of
microorganisms in feces which is a by-product of the decomposition of nitrogenous waste
materials in excreta (uric acid, unabsorbed protein, amino acids, and other NPN (Non
Protein Nitrogen) compounds). The smell of ammonia in livestock feces causes an
unpleasant odor so that if it is excessive it can interfere with the health, productivity level,
and performance of livestock. One of the negative impacts caused by excess levels of
ammonia is to stimulate News Castle Disease (ND) in (Riza et al., 2015). Therefore, it is
important to control ammonia levels in order to maintain healthy conditions for both
livestock and the environment around the cage.

Manin (2010) in (Riza et al., 2015) states that the use of bacteria Bacillus subtilis and
Lactobacillus bulgaricus as probiotics has the potential to reduce the smell of ammonia in
poultry feces and can significantly reduce ammonia levels from feces. The use of bacterial
activity has an impact on decreasing the pH of chicken feces which works by producing acid.
The two bacteria will inhibit the activity of protein-decomposing microbes so that the
breakdown of protein into ammonia is reduced (Riza et al., 2015). Bacteria from the genus
Bacillus themselves are able to inhibit the conversion of uric acid into ammonia by utilizing
uric acid itself as a nutrient.

The mechanism of bacteria that can reduce ammonia levels works by producing
antibiotics. These antibiotics will suppress the growth of gram-negative bacteria as harmful
bacteria (pathogens). Pathogenic bacteria that have been suppressed will experience a low
growth rate. This causes the production of the enzyme urease (which converts uric acid to
ammonia) is also low so that ammonia levels will decrease. The reduction in ammonia levels
occurs because the bacteria Bacillus subtilis and Lactobacillus bulgaricus produce acid, causing
a decrease in pH in the digestive tract of chickens and causing gram-negative bacteria to die
and even not grow anymore. This makes the levels of H+ ions in feces available quite a lot so
that the binding of ammonia (NH3) to ammonium (NH4+) increases (Riza et al., 2015).
Therefore, the ammonia released in the environment will also be reduced. The decrease in
stool pH greatly determines the conversion of the balance of ammonia to ammonium.
Ammonium is more soluble in water so the evaporation process is slower than ammonia.
The ammonia that is still formed will be bound with ammonium so that the feces are
odorless.

The Mechanism of Protease and Phytase Enzymes in Accelerating the Increase in Chicken
Weight

Lismawati et al., (2017) stated that the papain enzyme found in the fruit, stem, and
leaves of papaya is a protease enzyme, working by breaking peptide bonds in proteins by
hydrolyzing them. The mechanism of increasing chicken weight begins with a protein
hydrolysis process that will produce a hydroxylate. This hydrosylate contains low molecular
weight peptides and free amino acids. Fox et al. (1982) stated that the hydroxylate product
produced from the hydrolysis process has a high ability to dissolve in water, has good
emulsion capacity, grows large, and can be easily absorbed by the body. The papain enzyme
as a protease enzyme can also quickly cut peptide bonds in proteins so as to produce amino
acids that are absorbed by the body optimally. Maximizing the absorption of amino acids in
the chicken body causes maximum absorption of nutrients in the chicken body, reducing
wasted nutrients. The protease enzyme helps the maximum absorption of amino acids as a
supporting factor for chicken growth so that the weight of the chicken can increase quickly
and the energy needs of the chicken are met. In addition, the presence of the papain enzyme
also increases the quality of the meat because it can increase the tenderness of free-range
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chicken which is usually less tender when eaten (Fitasari, 2012). the inner bonding woven
fibers will decrease rapidly (Lewrie, 2003). When this process takes place, hydrolysis of
collagen and myofibrils occurs. As a result of the hydrolysis process, the fiber bonds in the
meat are lost and the shorter fiber fragments are broken. This will make chicken meat more
tender when using animal feed that contains the papain enzyme in it (Lismawati et al., 2017).
Supartini & Fitasari (2011) stated that fermentation using bacteria can increase nutrient
content by breaking down phytic acid in rice bran so as to accelerate the digestive process in
chickens. The phytic acid can be broken down and reduced by adding the phytase enzyme
(Sajidan et al., 2004). One of the bacteria that contains phytase is from the Bacillus sp. Many
bacteria from this group are found and have now been isolated, sequenced, and expressed,
one of which is often found, namely Bacillus subtilis (Keruvuo et al., 1998). The use of
fermented animal feed can use microbes such as Bacillus subtilis bacteria which contain
phytase which can replace pure phytase which has an expensive price so that it can reduce
feed production costs. On the other hand, manufacture by fermentation process will also
support the addition of phytase enzymes in animal feed. Fermentation is one of the effective
methods used because it is done traditionally at an affordable price. Changes in livestock
products using fermented feed using bacteria are an increase in the quality of texture, taste,
aroma, consistency, and a reduction in nutrient absorption in feed (Yanuarto et al., 2016). The
phytase enzyme is able to break down phytic acid by catalyzing the hydrolysis reaction of
the phosphoester bond in phytic acid (mio-inositol hexaxisphosphate). The existence of these
events produces inorganic phosphate and phosphate esters (Wyss et al., 1999). Because
native chickens do not have a high phytase content in their digestive tract, the role of bacteria
and the fermentation process in making native chicken feed is very important to accelerate
the increase in chicken weight so that chicken productivity also increases.

Potential of Fermented Native Chicken Feed as a Bioentrepreneur Product

The manufacture of organic free-range chicken feed made from rice bran and papaya
leaves fermented with Bacillus subtilis and Lactobacillus bulgaricus bacteria has more
advantages than non-fermented organic feed, such as being able to increase chicken body
weight quickly and eliminate the smell of the resulting feces. The presence of the papain
enzyme also makes the quality of the meat increase because it can increase the tenderness of
native chicken meat which is usually less tender when eaten (Fitasari, 2012). The business of
making organic free-range chicken feed has the potential to be developed as a result of
biological products. This business potential is supported by an increase in the consumption
of free-range chicken in Indonesia. The development of free-range chicken meat
consumption in Indonesia is presented in Table 1.

Table 1. Consumption of Kampung Chicken in Indonesia

Year 2013 2014 2015 2016 2017
Kg/Capita/Year 047 052 063 063 078
(BPS, 2020)

This organic free-range chicken feed also has the potential to be developed because it
is in line with the development of consumer lifestyles towards organic food. This effort is in
line with a healthy lifestyle that has been institutionalized internationally by requiring
guarantees that agricultural products must be safe for consumption (food safety attributes),
high nutritional content (nutritional attributes), and environmentally friendly (eco-labelling
attributes). Consumer preferences like this cause the world's demand for organic agricultural
products to increase rapidly (Silitonga & Salman, 2014). This is a market opportunity for free-
range chicken feed as a bio-entrepreneur product.
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Analyzed in terms of the marketing area, Central Java and East Java are potential areas
for marketing the business plan for making organic free-range chicken feed because these
two provinces have the largest free-range chicken populations on the island of Java, even in
Indonesia. Data on the population of native chickens in Java is presented in Figure 1.

DATA ON THE POPULATION OF NATIVE
CHICKENS ON THE ISLAND OF JAVA
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FIGURE 1. Population Data of Kampung Chicken in Java Island

Making organic free-range chicken feed made from rice bran and papaya leaves
fermented with Bacillus subtilis and Lactobacillus bulgaricus bacteria is one application of
biology learning that can be applied in entrepreneurship-based biotechnology learning. The
existence of organic free-range chicken feed which is one of the biological products strongly
applies the SSI approach. Through this application example, students will be trained in
applying problem-based biology learning in the environment and solving them using the
knowledge they have.

Students can identify problems in the environment such as the background of making
fermented free-range chicken feed which includes the low productivity of native chickens
due to lack of chicken nutrition, the price of quality feed in Indonesia is still expensive, and
the problem of the smell of manure that is never separated from livestock problems. The
existing problems spur students' creativity in creating animal feed products based on
biology, namely by creating products that can increase the productivity of native chickens
through increasing weight and being able to eliminate the smell of feces as an effort to
reduce negative externalities in society. The habit of making environmental-based biological
products also has its own value to overcome the problems that exist in society. Everything
that is tackling environmental problems will always be needed because every era will never
be free from problems so that the products produced will definitely have economic value.
The application of learning using the SSI approach allows students to practice applying the
knowledge they have learned in solving problems that occur in the environment using
biological concepts and developing students' paradigms to become bioentrepreneurs. This
paradigm will be formed if students are always encouraged to do entrepreneurial-based
learning so that the desire to become job creators becomes greater and can reduce
unemployment in Indonesia.

Conclusion

Making organic free-range chicken feed made from rice bran and papaya leaves fermented
with Bacillus subtilis and Lactobacillus bulgaricus bacteria is one of the bio entrepreneurships
learning applications that can be applied in high school biotechnology learning by applying
the socio-scientific issues (SSI) learning approach. The production of fermented free-range
chicken feed has the advantage of accelerating the increase in weight of free-range chickens
with the support of protease and phytase enzyme activities and eliminating the smell of
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ammonia in chickens by inhibiting the activity of microbial decomposers of protein into
ammonia. Through this application example, students will be familiar with applying
problem-based biology learning in the environment and solving them using the knowledge
they have.
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