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Abstract. Local wisdom in the process of making tempe mlanding (Leucaena 

leucephala) can be integrated in science learning, especially to empower junior 

high school students' systems thinking skills. The purpose of this study was to 

analyze the scientific knowledge in the process of making tempe mlanding and 

its potential for empowering systems thinking skills. This research used a 

descriptive qualitative approach with an ethnographic research design. The 

results showed that the stage of making tempe mlanding consisted of 16 stages: 

(1) preparation; (2) sorting; (3) first boiling; (4) first draining and cooling; (5) 

raking; (6) washing; (7) first soaking; (8) second soaking; (9) second 

boiling/steaming; (10) second draining; (11) second cooling; (12) making laru; 

(13) yeast feeding; (14) wrapping; (15) fermentation; (16) marketing which 

contains scientific knowledge of science aspects of Physics, Chemistry, and 

Biology. The system thinking has 8 indicators, they are (1) identifying the 

components of a system and processes in the system; (2) identifying relationships 

between system components; (3) organizing system components and processes 

in terms of relationships; (4) making generalizations; (5) identifying dynamic 

relationships in the system; (6) understanding the hidden dimensions of the 

system; (7) understanding the cyclic nature of the system; (8) thinking 

temporally: retrospection and prediction. Based on the results of the study, it can 

be concluded that scientific knowledge from each stage of the process of making 

tempeh mlanding can empower students' thinking skills although it is still need 

more study for its expediency before implement it to the real class teaching. 
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1 INTRODUCTION 

The development of science and technology as an impact of the Industrial Revolution 

4.0 raises complex problems, thus requiring problem-solving skills [1]. Comprehensive 

thinking needs to be done to overcome complex problems, one of which is systems 

thinking [2]. Based on the results of the PISA survey from 2012 to 2015, Indonesia is 

at a low level (level 1 of 5) which shows that Indonesian students have low problem- 

solving skills, including systems thinking due to not being trained in learning to the 

fullest[3], [4], [5]. 
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Indonesia as a country rich in noble values in the form of local wisdom that can
answer the challenges of life. Local culture is a material for learning studies as a
preservation effort in facing global challenges [6]. Local wisdom can be integrated
into science materials that help students gain knowledge, learning motivation,
learning environment, and character development [7]. One of these local wisdoms is
traditional food in the form of tempe mlanding made from lamtoro seeds (Leucaena
leucephala) as an alternative protein source that supports the Indonesian food security
system [8]. Local wisdom contains local knowledge, so it can be reconstructed into
scientific knowledge[9].

Globalization decreases students' awareness of preserving local wisdom which
causes a loss of identity as an Indonesian nation [10]. One of the factors causing this
condition is local wisdom-based learning that has not been optimized due to the
teacher's minimal understanding [11]. This causes students to lack local wisdom in
their area, including tempe mlanding which is starting to be forgotten by the
community [12].

Teachers need reference sources that support the presentation of local
wisdom-based learning. Local knowledge is holistic, so it can empower the ability to
think systems [13]. Systems thinking is a holistic way of thinking by not solving
problems partially and segmentation[14]. This study aims to analyze scientific
knowledge and the potential for empowering the ability to think systems in the
process of making tempe mlanding.

2 RESEARCHMETHODS

The research location is in Mangrih Hamlet and Gayam Hamlet, Mojopuro Village,
Jatiroto District, Wonogiri with a subject of 6 mlanding tempeh craftsmen taken based
on snowball sampling technique. This research is a descriptive qualitative with a
research design in the form of ethnography.

Data and sources of research data, namely data and primary data sources come
from mlanding tempeh craftsmen in the form of interview results and observation
results regarding the process of making mlanding tempeh. Secondary data and data
sources come from literature, including journal articles and books.

The data collection technique used in this research is a non-test technique with
three methods, namely interviews, observation, and documentation. Interview topics
included ingredients, dosage, stages and reasons for each stage, results and
consistency in the process of making tempeh mlanding. Observation topics explored
were the process of making tempeh mlanding and the differences between each
producer. Documentation was used to complement observation data. The data
obtained were analyzed using the interactive analysis model from Miles, Huberman
and Saldana (2014), namely: data condensation, data presentation, and conclusion
drawing.

This study used three data validity tests, namely triangulation of sources and
techniques, member checking, and expert judgment. Triangulation of sources, in the
form of craftsmen, while triangulation of techniques, including interviews,
observation, and documentation. Member checking was done to check the truth of the
data written in the report. Expert judgment was conducted to validate scientific
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knowledge and the process of making tempe mlanding and its potential in
empowering system thinking skills by two lecturers with a science education
background.

3 RESULT AND DISCUSSION

3.1 Analysis of Scientific Knowledge in the Process of Making Mlanding
Tempeh

The process of making tempeh mlanding includes the preparation stage, processing
stage, and marketing stage.

Preparation Stage.
The preparation stage aims to prepare tools and materials in the process of making
tempeh mlanding. The tools and materials include: aluminum pots, stone stoves,
rubber tubs, senik (bamboo baskets with tighter weaving), tomblok (woven bamboo
shaped like a tub), tampah (woven bamboo like a large plate), bamboo steamer, plastic
sheeting, old mlanding seeds, laru or usar, cassava flour, teak leaves, water, matches,
and firewood.

Processing Stage.
Making tempeh mlanding consists of fourteen stages, namely: 1) sorting; 2) first
boiling; 3) first draining and cooling; 4) raking; 5) washing; 6) first soaking; 7)
second soaking; 8) second boiling/steaming; 9) second draining; 10) second cooling;
11) making laru; 12) yeast feeding; 13) wrapping; 14) fermentation. In each
processing stage there is scientific knowledge as presented in Table 1.

Table 1. Identification of scientific knowledge in the processing stage of the tempeh mlanding
making process

Stages Indigenous
Knowledge Scientific Knowledge

Sorting

Select and obtain
intact mlanding seeds
with the help of the
wind.

The tampi moving up and down
quickly causes the air to fill the
empty space and generate a large
angular momentum, so the
displacement distance of small grains
is greater than that of large grains
(Physics Aspects) [15].

First Boiling Old mlanding seeds
have a hard structure.

Old mlanding seeds experience
dormancy which causes
impermeability to water, so they have
a hard structure (Physical
Aspects)[16].
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Stages Indigenous
Knowledge Scientific Knowledge

First Draining and
Cooling

1. Draining to
remove mucus
from the boiling
process.

2. Cooling the
mlanding seeds is
done to facilitate
the epidermis
peeling stage
because it uses the
help of feet.

1. Temperature affects the osmotic
pressure in seeds, resulting in the
exchange of substances inside and
outside the membrane to maintain
the balance of pressure inside the
cell (Chemical Aspects)[17].

2. The foot is covered by skin that is
a thermoreceptor, the cold
receptor layer is just below the
epidermis and the heat receptor is
in the upper layer of the dermis
(Biological Aspects) [18].

Raking
The epidermis will
affect the density of
tempeh mlanding.

Stripping the epidermis is done to
make it easier for the fungus to
penetrate the seed pieces in the
fermentation process that supports
the growth of mycelium in tempeh
(Biological Aspects) [19].

Washing (floating)

The flaked mlanding
seeds will float on
the surface of the
water.

The event of floating mlanding seeds
is due to the downward force being
smaller than the upward force
according to Archimedes' law
(Physics Aspects) [20] .

First Soaking
Soaking removes the
odor and bitterness of
the mlanding seeds.

The bitter taste comes from the
content of mimosine in mlanding
seeds which is toxic, so it can affect
the function of organs when
consumed (Chemical Aspects) [21].

Second Soaking

The second soaking
is done by changing
the soaking water
due to the presence
of mucus. This
process is done to
remove the rancid
odor.

The soaking process will form
organic acids, such as lactic acid and
acetic acid due to bacterial growth,
thus making the seeds acidic which
facilitates the fermentation process
(Chemical Aspects) [22].

Second Boiling/
Steaming

The second boiling is
done to remove
mucus and maximize
the maturation of the
mlanding seeds.

Heating (Physical Aspect) can
inactivate enzymes (Chemical
Aspect) thus inhibiting the formation
of lactic acid bacteria (Biological
Aspect) [23].

Steaming is done to
maximize the

Lactic acid (Chemical Aspect) from
the soak is maintained because
Rhizopus oligosporus can synthesize



392             Suciati et al.

Stages Indigenous
Knowledge Scientific Knowledge

maturation of the
mlanding seeds.

acid enzymes optimally in acidic
environmental conditions (Biological
Aspect) [24].

Second Draining

Draining is done to
reduce the water
content in the
mlanding seeds
which affects the
density of the
mlanding tempeh.

Rhizopus sp. can grow in a humid
environment (Biological Aspects)
[25].

Second cooling

Mlanding seeds that
are given a hot
seasoning will spoil
faster.

The optimum growth for Rhizopus
fungi (Biological Aspects) is at room
temperature, which is (20-37)0C
(Physical Aspects)[19].

Making Laru

Drying leaf laru
either by (a) drying
or (b) roasting

Drying and heating (Physical
Aspects) can activate spores that
were previously in the dormancy
stage (Biological Aspects)[26].

Pulverizing the laru
with (a) pounding or
(b) rubbing

Crushing is done to expand the
contact surface of the tempeh yeast
with the seeds (Physical
Aspects)[27].

Mixing laru with
cassava flour

Cassava flour contains high
carbohydrates (Chemical Aspect),
so it can fulfill the nutritional needs
for the growth of R. oligosporus
(Biological Aspect) [28].

Yeast Feeding
Laru will convert the
mlanding beans into
a solid structure.

Laru or natural yeast acts as a
tempeh starter containing tempeh
fungus culture as an agent to convert
boiled mlanding seeds into tempeh
(Biological Aspects)

Wrapping

The mlanding seeds
are wrapped using
teak leaves so that
the mlanding tempeh
can form a solid
structure.

Wrapping aims to form tempeh into a
compact structure (solid) (Physical
Aspects).

Fermentation

The mlanding seeds
are kept for 2 days
with the criteria that
the room is not too
cold or hot and avoid
oil.

Oil can inhibit the germination of
mold spores (Chemical Aspects).
Low ambient temperature will inhibit
mold growth (Physical Aspects).
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Marketing Stage.
Mlanding tempeh is sold in several markets, such as Sidoharjo, Jatisrono, Solo and
Ponorogo.

3.2 Analysis of Scientific Knowledge in the Mlanding Tempeh Making Process
towards the Empowerment Potential of System Thinking

The process of making tempe mlanding can bring up several indicators of systems
thinking ability, namely (1) identifying the components of a system and processes in
the system; (2) identifying relationships between system components; (3) organizing
system components and processes in the framework of relationships; (4) making
generalizations; (5) identifying dynamic relationships in the system; (6) understanding
the hidden dimensions of the system; (7) understanding the cyclic nature of the
system; (8) thinking temporally: retrospection and prediction [33]. The analysis
process refers to the results of interviews with mlanding tempe craftsmen.

Identify the components of a system and the processes within the system.
This potential can be seen when craftsmen mention the tools and materials as well as
the stages of making tempeh mlanding. The ability to identify components and
processes in the system is the first stage or prerequisite of systems thinking.

Identify the relationship between system components.
This potential is seen when craftsmen understand the relationship between laru and
cassava flour. Laru comes from white koro begog attached to teak leaves, which is a
colony of Rhizopus oligosporus mold. The Rhizopus oligosporus mold needs
nutrients to grow, so cassava flour is added as a nutrient because it contains high
carbohydrates.

Organizing system components and processes in a relationship framework.
This potential is seen when craftsmen are able to regulate the number of repetitions of
the stages of making tempeh mlanding, for example, the boiling process is only done
twice to maintain the structure of the seeds. Boiling is a process of imbibition or
absorption of water and oxygen into the seeds, so that the seeds become softer.
Excessive imbibition will make the seeds more susceptible to damage.

Making generalizations.
This potential was seen when the craftsmen were able to understand that laru requires
processing before being used as a starter for mlanding tempeh. Laru needs to be
heated to activate the spores of Rhizopus sp. on the dormant laru.

Identifying dynamic relationships in the system.
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This potential is seen when craftsmen are able to explain the interrelationship of each
stage of making tempe mlanding, for example, the first boiling with grinding.
Stripping the epidermis that is not clean enough can cause the texture of tempeh to
become less dense.

Understanding the hidden dimensions of the system.
This potential was seen when the craftsmen explained that the use of laru would result
in a better taste. Laru contains various types of Rhizopus sp. including Rhizopus
microsporus and Rhizopus delemar, and each species contributes importantly in
creating the flavor and nutritional value of tempeh. In contrast, artificial yeast
"RAPRIMA" contains one particular type of Rhizopus sp. for example Rhizopus
oligosporus. This potential also appears in the first and second soaking stages which
are carried out to remove the bitter taste of mlanding seeds. The bitter taste comes
from mimosine which has a negative impact on the body when consumed, such as
inhibiting DNA synthesis, especially in rapidly dividing cells, causing damage to
internal organs [35].

Understanding the cyclic nature of the system.
This potential is seen when craftsmen explain that the laru from the fermentation of
tempeh can be reused in the fermentation process. The growth of Rhizopus sp. forms
a cycle because it belongs to the Zygomycota group [36].

Temporal thinking: retrospective and temporal.
This potential is seen when craftsmen explain the reasons for using teak leaves. Teak
leaves as leaf wrappers actually have their own advantages. Leaf wrapping will
produce better aeration (air circulation) for tempeh through the gaps in the wrapping

4 CONSLUSION

Based on the explanation of the research results and discussion, it can be concluded
that the process of making tempe mlanding contains scientific knowledge of science
and has the potential to empower system thinking skills. The results show that the
process of making tempe mlanding contains scientific knowledge of science that can
empower students' systems thinking skills. The limitation of this research is that
science learning has not been designed to apply the findings in the classroom. Future
research can develop science learning tools based on the findings of this research to
measure the improvement of students' thinking skills.

AUTHOR'S CONTRIBUTION.
The results of this study can be used as a reference for further research in the form of its
implementation in science learning with different aspects and perspectives
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